Anomalous diffusion stretched exponential
v-imaging model provides new information
on spinal cord microstructure

Alessandra Caporale!?, M. Palombo?3, S. Capuani?*

1. Physics Department Sapienza University of Rome, Rome, Italy, 2. CNR-ISC Roma Physics Department Sapienza
University of Rome, Rome, Italy, 3. CEA/DSV/12BM/MIRCen, Fontenay-aux-Roses, France, 4. Center for Life
NanoScience@LaSapienza, Istituto Italiano di Tecnologia, Rome, Italy

C igli
SAPIENZA ((r ]N:;‘ii'ﬁ;.‘; delle
UNIVERSITA DI ROMA Ricerche

Alessandra Caporale et al. — 101st SIF National Congress — 24 september 2015, Rome, Italy




Anomalous diffusion stretched exponential
Goal y-imaging model provides new information on spinal
cord microstructure

 |nvestigate the potential of y-imaging model to
obtain information about white matter
arrangement in the Spinal Cord
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White Matter

lllustration by Jen Christiansen
in Scientific American 2008
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y-imaging model provides new information on spinal

Anomalous-Diffusion MRI cord microstructure
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» v is influenced by AX,, at the interface
between micro-beads and diffusing water

» v reflects micro-beads sizes

M. Palombo et al., 216 JMR (2012) 28-36
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C57 BL6 mouse spinal cord

fixed with 4%/2%
glutaraldehyde/paraformaldehyde
and stored in PBS
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» Acquisition Protocol for the extraction of y
« PGSTE (A=40ms)
« 10 b-values in the interval (100, 4000) s/mm? + 1 b0

« 10 G-values in the interval (50, 500) mT/m ‘ I
» Conventional DTI protocol — L
« PGSTE with A/d = 40/2 ms, b-value = 700 s/mm? ]Eo

* 6 directions

» Conventional T2* relaxometry

 GE with 13 TEs varying in the interval (2, 40) ms
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Diffusion weighted images at different G
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The effective b0 is 154 s/mm? The contrast between
A = 40 ms for each DWI white matter and gray matter
changes with increasing b
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In plane resolution of 33 x 33 um?
Slice thickness: 0.7 mm
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y-imaging parametric maps

2
My = (Zi=1,2,3 vi)/3 Ay = \/32;::1,2,3(%: — M]’) /2 2i=123 Viz

In plane resolution of 33 x 33 um?
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My and Ay correlate with R2*
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Results
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y-imaging model provides new information on spinal

cord microstructure

Yoar correlates with R2* - My with R2* also in sagittal sl.
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Yoar correlates with R2* - My with R2* also in sagittal sl.

. Ext. water diffusing in the — ;:i:. >y
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Light microscopic images from
H.H. Ong et al., 40 Neuroim (2008) 1619-1632
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Fluorescence of CNS
J.C. Rios et al.,
23 J of NeuroSc (2003) 7001-7011

Neuron = ligodendrocyte
D < —ap I E Myelin sheath
" o .
® e .
l In Multiple Sclerosis
: (MS) the myelin sheath
P e . is attacked by the
i — immune system,
S — and dismantled

Remyelination No
remyelination
{ O . '
¥
[

Functional recovery
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Discussion

Fluorescence of CNS
J.C. Rios et al.,

23 J of NeuroSc (2003) 7001-7011
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Example Anomalous diffusion stretched exponential

: : y-imaging model provides new information on spinal
of application cord microstructure

From literature:
Control Multiple sclerosis

r FOATAY YT, 10} &
fo A N KA ’ IR
R 3 N\ ol ® 5 W '
’ A CSiha b - \! "))
2 0 ' 7 PR § d
)\ /| A
A2 LA P T A ST R SR ) 3/ A
LA Y h ATV " "
) o o R BT R Y ¢
(Y s ) - L
- .‘ ’ WONWRATZ ‘e Al
LY S A I O TR AT TR
Jue my ’_,'-.,.. MPRA T Y 0! 2‘-
& A (VRN Ly LA, &
ey s N e L LR R
WAl g PR
0 w AW o o A
} o ) 2 - ° &' iy \\-'.. .'v'
’ (Pl . BN ) ’ ‘
L | RO Sl Tl
t O YD, . o e
14 3 X . ..*0 it A
pig N s ‘; ‘. i (i “"‘I(' \
4 s/ 4 b Y, - |
Yy ° v TS A [V R A
. v
) "‘\.- b Wi, O
) Al
L

A J g 5
Wi e e I, ™ WAt . { B
. R Y Y e Vg

. . o [ RN ) )
Cortico-Spinal Tract |* "y, ity

el ¥ Rgirey & 00 SYONG Vel

G.C. De Luca et al., 127 Brain (2004) 1009-1018

In Multiple Sclerosis axonal
loss is widespread in both
brain and Spinal Cord (SC),
and its extent is tract
specific and size selective
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» The y-parameters are sensitive to magnetic susceptibility
Inhomogeneities at the interface between different tissues.

» The y-parameters (yort, Ay) reflect micro-structure features
of different white matter tracts

» In particular, Yort, Ay correlate with axon diameters and
axon density.

» The y-imaging technique may be useful to detect
micrometric changes in patological white matter of SC tracts
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