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£45 The Brain is HIGHLY Interconnected!
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I Was a Neuroscience Guinea Pig: How Scientists
Scrambled My Brain




BRAIN QUIZ

The average human brain contains about
how many neurons?

A. one million
B. one billion

mmm) C. one-hundred billion
D. one-hundred trillion




BRAIN QUIZ

The average human brain contains about
how much

Dendrites ;v—) Terminals by

Axon ( db lin sheath
A. 10% e~

B. 50%

mm) C. 90%

D. 99%

Nodes of Ranvier

Cell
Nucleus




BRAIN Q“Il

ONE fMRI voxel measures
the activity of approximately
HOW MANY neurons?

64 voxels wide

04 voxels tall




BRAIN QUIZ

ONE fMRI voxel measures
the activity of approximately
ONE MILLION neurons!

3.4x3.4Xx5mm

blood
vessels

X: 64 voxels

herve
cells

Y: 64 voxels

This is ONE VOXEL
in the image



BRAIN QUIZ
T or F?

You use only 10% of your

[ |
brain T
n The cortical areas associated with the

highest resting metabolic rates in the
conscious resting state are located
in the posteromedial parietal cortex
(posterior cingulate cortex and pre-

F Q LS E I : cuneus, arrow)'®

Front

FALSE!!
FALSE!!




£%5  fMRI: What are we imaging?

27707

UA’s 3-Tesla GE Scanner



&4 fMRI: What are we imaging?
%)‘

27707

What Is the physical basis of the image?



@&y Spinning & Wobbling Protons

The “R” in MRI: RESONANCE

For protons of The Larmor equation:
hydrogen: ’,’ Hel Resonance freq. =Y x Main Field

Y =42.58 MHz / Tesla

27
5x 104 OF THEM! 1277

MHz

170.3 MHz

Resonance 63.8 MHz
Frequency

1.5 3.0 4.0
Field Strength (Tesla)




What exactly are we imaging?

Outside magnetic field

Spinning Protons

Outside the magnetic field:

* protons are randomly oriented

Inside the magnetic field:

* spins align parallel or anti-parallel to main field
* longitudinal component (M,) is large

- transverse component (Myy) is small

* only 0.0003% of protons / Tesla align with field

Inside magnetic field

Main M
Field z 4 Mgt
Longitudinal
magnetization
increases 7 M,y
Transverse

magnetization
5 x 1027 in a 150 Ib person decreases



What exactly are we imaging?

Outside magnetic field Spinning PI"OTOHS
Outside the magnetic field:

* protons are randomly oriented

Inside the magnetic field:

* spins align parallel or anti-parallel to main field
* longitudinal component (M,) is large

- transverse component (Myy) is small

] Inside magnetic field  only 0.0003% of protons / Tesla align with field
Main y
Field z Miet
Longitudinal
magnetization
DEcreases 7 |\/|Xy

EXCITATION ~_llansverse
PULSE! magnetization

5 x 1027 in a 150 Ib person INcreases



B Physics of MRI
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T1 = time constant for recovery of longitudinal alignment between spins
TR (time of repetition) = time interval between excitation pulses
TE (time to echo) = time to wait before we measure T1
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Physics of MRI

T2 = time constant for decay of transverse alignment between spins
TE (time to echo) = time to wait to measure T2

T2 Signal Strength

100%

50%

Relatively
Long TE
J CSF
CSF
{ Short TE GM
{ GM /WM
— ——— ViV \Y/
0 10) 100 150 200

Echo Time (TE) in milliseconds




£%5 Use T1 and T2 to Fit the Need

T1-weighted
Contrast:
Conventional
MRI

(WM is white)

T2-weighted
Contrast:
e tumors
« strokes
(WM is dark)




MRI vs. fMRI
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The Typical fMRI Experiment

Scanning Sessions

S

L Anatomical
IC & Functional
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The Typical fMRI Experiment

Scanning Sessions
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£ Magnet Safety
S

Very Powerful Magnet is on constantly!
» 1 Tesla (T) = 10,000 Gauss

» Earth’s magnetic field = 0.5 Gauss
» 3 Tesla = 3 x 10,000 + 0.5 = 60,000 x Earth’s magnetic field

EARTH UA's SCANNER

Main Magnetic Field

Thanks go to Jody Culham’s fMRI website for some of the following slides



B Magnet Safety

The whopping strength of the magnet makes safety critically important.

Things can fly — even BIG things!

Source: http://www.simplyphysics.com/ Source: http://www.simplyphysics.com/
flying_objects.html flying_objects.html

* We must screen subjects very carefully

* Always ON - make sure everyone is aware of the hazards

* Must develop a plan for screening every time someone
enters the magnet room



http://www.simplyphysics.com/flying_objects.html
http://www.simplyphysics.com/flying_objects.html
http://www.simplyphysics.com/flying_objects.html
http://www.simplyphysics.com/flying_objects.html
http://www.simplyphysics.com/flying_objects.html
http://www.simplyphysics.com/flying_objects.html

Subject Safety

Anyone going near the magnet — subjects, staff and visitors
must be thoroughly screened:

Subjects must have no metal inside the body:
» pacemakers

« aneurysm clips

» metal implants (e.g., cochlear implants)

* intrauterine devices (IUDs)

» some dental work (fillings okay)

Subjects must remove metal outside the body: ‘*" , ‘_

- jewelry, watches, piercings, even some tattoos! Left: with hair band
» coins, etc Right: without it
 wallet

» any metal that may distort the field

Subjects must be given ear plugs or headphones (acoustic noise can reach
120 dB!)



@xy  Spinning & Wobbling Protons

The “R” in MRI: RESONANCE

For protons of The Larmor equation:
hydrogen: ’,’ Hel Resonance freq. =Y x Main Field

Y =42.58 MHz / Tesla

27
5x 104" OF THEM! 1277

MHz

170.3 MHz

Resonance 63.8 MHz
Frequency
In the big magnet, N
ALL protons spin at
their resonant 1.5 3.0 4.0
frequency Field Strength (Tesla)




How do we separate
one slice from another?




W Steps in 3D Localization

\\\

Central Innovation: Sequential Gradients in the Field

1. Slice Selection in Z-plane

i [
- —
Z-plane +7Z 200 MHz

Add another magnetic field. 300 MHz I
Now, the protons in each slice 400 MHz
spin at a DIFFERENT FREQUENCY...




The EXCITATION PULSE is set to the SAME RESONANT
FREQUENCY

as the protons
spinning in the
first slice.

(200 MHz)

When the pulse &
gradient are shut off,
the protons emit radio
signals that are then
recorded.




L The Head Coil (“Birdcage”)

%:/

The EXCITATION PULSE is set to the SAME RESONANT
FREQUENCY ~
as the protons
spinning in the
first slice.

(200 MHz)

Emitted radio signals
are then recorded
by the “birdcage”
around the head.




W Physics of MRI

T1 = time constant for recovery of longitudinal alignment between spins
TR (repetition time) = time interval between excitation pulses
TE (time to echo) = time between excit. and data acquisition
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Step 2: How do we
separate signals across

the Z-slice?




Steps in 3D Localization

Position in the X-plane
-X < > +X



http://www.cis.rit.edu/htbooks/mri/chap-7/g2-1.htm

The EXCITATION PULSE is set to the SAME RESONANT
FREQUENCY
as the protons
spinning in each
X-slice.

(200, 300 MHz...)

Emitted radio signals
are then recorded
by the “birdcage”
around the head.
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Step 3. How do we get
spatial information
DOWN the slice?
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Step 3. How do we get
200 MHz spatial information
DOWN the slice?
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Steps in 3D Localization

Position In the slice
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Add ANOTHER gradient

NOW, also record the phase
Information in each column.



Steps in 3D Localization

1.Slice encoding (bottom to top)
2.Frequency encoding (left to right)
3.Phase encoding (front to back)

A high-res 3D MRI dataset
takes about 7 minutes to collect



http://www.cis.rit.edu/htbooks/mri/chap-7/g2-1.htm

_'_\%Where does the f-MRI signal come from?

The colors simply
show the
MAGNITUDE

of activity across
the entire brain.

But where does
the activity come
from?

2.5 corrected t-scores 7.5



#8495 Where does the fMRI signal come from?
=

ONE fMRI voxel “images”
approximately
1 million nerve cells!

3.4x3.4Xx5mm

These neurons consum blood
LOTS of ENERGY! vessels
64 voxels
M VA herve
- cells
v 4 752
S SEA \'4
S T~—
> e
O

This is ONE VOXEL
in the image




I In neural activity 3.4x3.4x5mm
I In local blood flow
Irate of O, consumption |. ..

blood
vessels

= i I

Fera . T T Al Y N ]
Rt e w2, Fod \ et i [y s, ¥
;‘15 _‘,_:}, ',"'; 8 . i Blra il
Thvep Lo b L Therve
- g Al P s Gt 1 h

ey > ] A AL " s g
>3 - ! NS TR >
5 * /7 x; " P . :

_ |cells
Oxygen

1Y
: 20
L evel

Dependent This is ONE VOXEL
contrast in the image

when LBF = O, cons,
@ 4 deoxyHD

I BOLD signal
= Blood

o Sy
i . -




T

ga 1 | 1
> off ! on > Off T()n * o ! on “off | on *

Signal Intensity

Scan Time T
AT REST ACTIVATED
Normal blood flow Increased blood flow
D 3 2 33 3 2020022250 2220 A a0 )
D0 Doy g0g0, ooO'OO°oO.oOO
0 900 o900y 4 0 00¢° % 000}
b 2000220 2 3 2 0

0 Oxyhemoglobin ¢ Deoxyhemoglobin (reduces BOLD)

[LESS Deoxyhemoglobin INCREASES the BOLD signal]



i‘%&;& fMRI Imaging in my Language Research

0.20 LEFT Hemisphere RIGHT Hemisphere
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From: Christensen et al., 2011



«j:i*gz«;;& Pathways for ATTENTIVE LISTENING

Right Hemisphere Regions of Interest

60 T IPL: MFG

A High attention T BA40 2

T BA39
B Low attention
O_

NEW words

40 L

How to strengthen your RH:
 SING! Read music and practice scales...

 HIKE! Read trail maps...
* PAINT or DRAW! Exercise your spatial
localization skills...




i ;;s EEG vs. Brain Imaging (MRI, fMRI, DTI)

EEG MRI fMRI DTI
Spatial Resolution  Poor Excellent Excellent Excellent
Temporal Resolution Excellent Poor Poor Poor
Type of Tissue Gray All Gray White

Brain Function? YES NO YES NO



“The moment emotional or intellectual activity began, down went the balance
at the head end, in consequence of the redistribution of blood in his system.”



Where does the fMRI signal come from?

White
matter

Gray
matter

Cortical
surface

Veins are in black




