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Overview

Intro to MRI

Intro to Spin>3/2

Quadrupolar interaction + OCT results
Quadrupolar relaxation + OCT results
Quantum state tomography
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Optimally controlling osteoarthritis
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2D/3D Image Reconstruction
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B: 100
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How to modify MRI contrast?
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Cartilage / disc does not heal!

Physical therapy, surgery

Detecting early changes.

Determine effectiveness of
preventive treatment.
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Treating and Beating
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X Why the ‘old age’ disease

Is striking millions of
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~Plus: Nine ways to

conquer the pain



Cartilage

Proteoglyc
Aggrega

Chondrocyte

GAGs =» negat charge

fibre

Huster et al. H a|uronan
Lect. Notes Phys. 634 (2004) 465

Osteoarthritis: loss of [GAG]



7 T 23Na of knee
3D-radial




23Na MRI @ 7T, spine
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23Na — Spin 3/2
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23Na — Spin 3/2
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Spin > %: Quadrupolar interaction

E = ] 1r.dr pe("e)pn(rn) _
VTN | Rt Py— Electrostatic energy

Through moment expansion
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Quadrupolar interaction in NMR
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23Na in cartilage
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Rf shape ir>

Optimal control

Opt rf shape o>



Optimal control

Rf shape ir>

Khaneja et al.
JMR 172, 296

Opt rf shape o>
(2005)
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Two-pulse excitation

60° T I
I ~60°

central peak
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max at ~149% when t = 1/(2f,) and o, § = 60°




Simple pulse
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numerical optimization




Quadrupolar relaxation
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Write in terms of elements
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Using GRAPE



Intensity of the central peak (normalized)

Experiment
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Tumor localization with 23Na
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23N a slow motion

¢ T,,—T;, —T,,, triple-quant filt (TQF) signal
buildup rate J(0)—J(2w
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170 (§=5/2) MRI/NMR

Atkinson, Thulborn, Lu, Haldar, Zhou, Claiborne,
Proc. Intl. Soc. Mag. Reson. Med. 16 (2008) 335



Quantum state tomography
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How to
determine all
terms?




Spherical tensor analysis (STA)
dipolar coupled I=1/2

van Beek, Caravetta, Antonioli, Levitt.
JCP 122 (2005) 244510.
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133Cs (5=7/2) in liqu. cryst.
STA with 8 angles




Conclusions

Optimally control spin 3/2 (23Na) NMR/MRI
Select quadrupolar coupling (cartilage!)

Select relaxation properties (tumor!)
Minimize relaxation

Systematic quantum state tomography for
S>1/2

OCT=>» Health
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