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Non-medical applications of NMR imaging?
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Compact/Mobile MRI&(EF ? (1)

Progress in Nuclear Magnetic Resonance Spectroscopy 76 (2014) 1-60

Contents lists available at ScienceDirect

Progress in Nuclear Magnetic Resonance Spectroscopy

journal homepage: www.elsevier.com/locate/pnmrs

Low-field permanent magnets for industrial process and quality control

J. Mitchell *°, L.F. Gladden **, T.C. Chandrasekera?, E.]. Fordham "

2 Department of Chemical Engineering and Biotechnology, University of Cambridge, Pembroke Street, Cambridge CB2 3RA, United Kingdom
bSchlumberger Gould Research, High Cross, Madingley Road, Cambridge CB3 OEL, United Kingdom
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5861E M XEkESIALI=60X—C DL E 12— (355 A)



Compact/Mobile MRI&[EF ? (2)
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Compact/Mobile MRI&(E ? (3)

CHEMICAL
REVIEWS -

Miniaturization of NMR Systems: Desktop Spectrometers, Microcoil

Spectroscopy, and “NMR on a Chip” for Chemistry, Biochemistry, and
Industry

~ ~ . + . . ::_: oo . L :L 2 . A + 8
Sergey S. Zalesskiy," Ernesto Danieli,” Bernhard Bliimich,** and Valentine P. Ananikov* "

J'-Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences, Moscow, 119991, Russia

*Institut fiir Technische Chemie und Makromolekulare Chemie, RWTH Aachen University, Worringerweg 1, D-52074 Aachen,
Germany

§Department of Chemistry, Saint Petersburg State University, Stary Petergof, 198504, Russia
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Compact/Mobile MRI& (S ? (4)

Axial

Fig.54

relatively novel idea. Terada and co-workers have demonstrated
the use of a compact MRI scanner based on_permanent

2
magnets for skeletal age assessment.**”

The system works at 0.3 T with a homogeneity better than
50 ppm and a footprint of about 1 m*. Hand images of children
with spatial resolution better than 500 yzm were obtained in less
than 3 min (Figure 54A). From the dimensions of particular
bones determined in MR images (red arrows in Figure 54B),
the age of the volunteers can be obtained.

Mobile sensors were also used to study small animals in vivo,
for example, mice and rats. Kose and co-workers developed a 1
T vokeless permanent magnet with a 9 cm bore, a 3.2 cm in

_ . 1 250
diameter and a S cm long solenoid RF coil.™" They recorded

images of the whole mouse brain and body with in-plane
resolution of about 200 ym and typical slice thicknesses of 1
mm. Besheer and co-workers used a commercial benchtop MRI

ZOMIZ, BBEEDRIIKTBRIAADHEHN,
INUNMR/MRIZEE T % — 85BN\ —F O 7 DR RILALN.



FIERIZETHCompact/Mobile MRI(1)

What do You Want to Build?

0.12 T Permanent magnet

Cross section
of a live tree

Courtesy: Katsumi Kose, PhD, University of Tsukuba
ISMRM2014 TCGEDFEEENOBN NFE=HLDUAT L. RIEDFDEE
LMD5 . WB-MRIZREN-FEEENSENIL, LT INENHHoT-.



TR RIZETHCompact/Mobile MRI(2)
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size: 54 cm(W) x 77 cm(H) x 60 cm(D), weight: 80 kg, 19984E.
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Commercially available extension cards

Industrial AD
PC Converter
(DATEL)
direct digital
synthesizer
(DST)

[6] K. Kose, T. Haishi, Development of a flexible pulse
programmer for MRI using a commercial digital signal
processor board, Spatially Resolved Magnetic
Resonance, Edited by P. Blumler, B. Blumich, R.
Botto, E. Fukushima, WILEY-VCH, 703-709 (1998).
[7] K. Kose, T. Haishi, A. Caprihan, E. Fukushima,

Real-time NMR imaging systems using personal pulse programmer (mtt)
computers, J Magn Reson 124, 35-41(1997).



Prototype of Compact/Mobile MRI
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(50 um)3 resolution

Haishi T, Uematsu T, Matsuda Y, Kose K: Development of a 1.0 T MR Microscope
using a Nd-Fe-B Permanent Magnet. Magn Reson Imaging 2001; 19: 875-880.
(constructed in 1998) (1999 ICMRM-YIA)



Concept Model of Compact/Mobile MRI

Portable MRI
console

0: 35T

Constructed in 2000,
formal debut in 2007

Constructed in 1999, formal debut in 2011

Portable MRI console and small permanent magnet



Compact MRI using permanent magnets

206:Co|d room MRI 2005:Han MRI 208:Heel MRI  2008:Clinical MRI !



Permanent-magnet compact MRI systems

ADVANTAGES:

1.Compactness
Small installation space
2. Openness
Easy access to the sample

3. Portability
New applications
IN unconventional environments:
outdoor, low or high temp. room. |3




Categories of Compact/Mobile MRI
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EEEEZESAAMRI(L)

Development of a Compact MRI System for Trabecular
Bone Volume Fraction Measurements

Katsumi Kose," Yoshimasa Matsuda,’ Takeaki Kurimoto,' Seitarou Hashimoto,’ MRM vol.52

Yukako Yamazaki,' Tomoyuki Haishi,? Shin Utsuzawa,? Hiroshi Yoshioka,® 440-444 (2004)
Shigemasu Okada,* Masaaki Aoki,* and Tsuyoshi Tsuzaki®
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BEEEEETHAAMRI(2)

SOS vs TBVF (n=22)
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Development of a Compact MRI System for Measuring
the Trabecular Bone Microstructure of the Finger VMRM vol 57
272-277 (2007)

Nachiko Iita, Shinya Handa, Sadanori Tomiha, and Katsumi Kose”

|
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s [E]{E3DSEZF ALY, 160um3iL
A D3DEEE11H TiRiZ.

1.0T, 40mmEvyv T DA ’&1@% (2000FIZEALT-HA)




EEEMMAEEET A BAMRI(2)

RF coill

24 cm

gradients

The specification of the magnet; field strength: 1.0 T, gap width:
40 mm, homogeneity: 13 ppm over 13 mm dsv, size: 27 cm (W) x
24 cm (H) x 18 cm (D), weight: 85kg.



BB MEEst A AMRI(3)

Transverse section Sagittal section

The figures show transverse and sagittal cross-sections selected from
a 2563 voxel 3D image dataset of a middle finger. This dataset was
obtained through a zero-filled Fourier interpolation of the 1283 voxel
image. The voxel size was (80 um)?3.



BB MMEEEET A AMRI(4)

Trabecular reproduced histogram
bone voxels /
2000 - mixed voxels / Bone
\ marrow
o voxels

1000 |

Number of Voxels

500 |

0
0 10 20 30 40 50 60 70 80 90
Voxel Intensity (a.u.)

Image intensity histogram (real part)

COAETEEEHOBEEZRD, &M
E1E/ NS AETRI/ISDBONETEHE.
Structure model index (SMI) —

& )

SMI=2.1 SMI=0.8



eE B MMEEET A AMRI(5)
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BB MEEsT A AMRI(6)
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BHEn ') o< F2ZETAMRI (1)

Development of a local electromagnetic shielding for an extremity
magnetic resonance imaging system

Shlnya Handa,"® Tomoyuki Haishi,? and Katsumi Kose' RSI vol.79
Insmute of Applied Physics, University of Tsukuba, Tsukuba, Ibaraki 305-8573, Japan 113706 (2008)
MRTechnolog\ Inc., Tsukuba, Ibaraki 305-8573, Japan

0.3T,12cm* vy DR % A
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Improved Reliability in Skeletal Age Assessment Using a Pediatric Hand MR
Scanner with a 0.3T Permanent Magnet

MRMS online
Yasuhiko Terapa'*, Saki Koxo!, Tomomi Ucniomi!, Katsumi Kose!, 2014
Ryo Mivact?, Eiko YamaBe?, Yasunari Fusnaca?, and Hiroshi YosHioka?
) = 20
¢ Al

0.3T, 12cm¥)v\95°0)ﬁ§£5 %1@%

[
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Skeletal age [y.o.]
—
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0 L 10 15 20
Chronological age [y.o.]

Fig. 3. Correlation between skeletal age rated from
magnetic resonance (MR) images and chronological
age.
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UEBE = =HEIAMRI at 0.12T(1)

- i . R . A

3D images (128 x 128 x 128 matrix) of five pears were
acquired in situ from July 10th to August 12th, 2009.




B EAIAMRI at 0.12T(2)

July, 10th July, 16th July, 22nd

[ —
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B EHAFAMRI at 0.12T(3)

e
' 26.8 MM ' Just before harvest
128 mm
July, 16th August, 12th

BEDOTOERIZENT, BMERNKRESKELTS



FU B EHAAMRI at 0.2T (1)

Longitudinal NMR parameter measurements of Japanese pear fruit during  JMR vol.226
the growing process using a mobile magnetic resonance imaging system 45-51 (2013)

Yuto Geya ?, Takeshi Kimura?, Hirotaka Fujisaki?, Yasuhiko Terada?, Katsumi Kose **, Tomoyuki Haishi®,
Hiroshi Gemma ¢, Yoshihiko Sekozawa ¢

0.2T, 16cm gap, 200kgD A EMobile MRIZ{EF, 2010~2011



In situ T, measurements for six pears
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T, monotonously increased with time but finally decreased.



In situ T, measurements for sSix pears
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T, monotonously increases with time.



In situ NMR using a 0.2T MRI system

Problems:

1. BERE(IARNMNSHNZ N8, A r ‘\\& ,«
czyeo)*%ﬁiziﬁ B E RIS D — 10 &

2. FeFNEFE D EARZEDRE AT

— ZHORYUTIIVERAW-IEED
EAMFFREEHR. FRERICETHAL




Ex vivo NMR using a 0.2T MRI system (2011)

Lightest
on the day

““ Heaviest
on the day
M
The weight is evenly distributed.

SH25HML8A23HZET, (XIXHEE, 7TEDOEOEFFEEAZE
11o1-.



Weight distribution of the harvested pears

500
450

430 g

&R

et

Y
v/

150 g

Weight
distribution

090600600 &
oy’

5117 6/6 6/26 7/16 8/5 8/25
measurement date

84 pears were harvested from a single Japanese pear tree,
which bears more than several hundreds pears every year.



T,, T, vs. measured date
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Relaxation times increase with time but T, finally decreases.



Comparison between ex vivo and in situ resu

ItS
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Ex vivo and in situ results show good agreements. T, was
decomposed for in situ measurements.
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Relaxation rate (1/T,) vs (weight)/3
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Bu o
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fluid 0
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The T, relaxation rates plotted against the inverse of the cubic
root of the weight (~cell size) shows good linear relations.



Relaxation rate (1/T,) vs (weight)-Y/3
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The T, relaxation rates plotted against the inverse of the cubic
root of the weight (~cell size) shows good linear relations.



Relaxation mechanism for the pear fruit cell

Bulk fluids: longer T,

1_ 1 . 1
Tl leulk Tlsurf ace
1 1 1 1

— = + +
TZ TZbulk TZSurface TZdifquion

Boundary of the fluid: faster relaxation

Relaxation times in plant cells are dominated by the surface
relaxation mechanism.



Relaxation mechanism for the pear fruit cell

1 S
T, = Pq (V) pore p.: T, surface relaxivity
surface p,: T, surface relaxivity
1 _ f (5) : ratio of surface area
T P2 V pore v/ Pore
2surface to fluid volume
S 1
— | x—c W™1/3

Because the surface relaxation rate are proportional to the ratio
of the surface to the volume of the pore, or the inverse of the
linear dimension of the cell. This is the reason why the
relaxation rate linearly changes with the inverse of the cubic root

of the fruit weight.
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Development of a mobile magnetic resonance imaging system

for outdoor tree measurements

Takeshi Kimura,! Yuto Geya,' Yasuhiko Terada,! Katsumi Kose,!-@ Tomoyuki Haishi,?
Hiroshi Gemma,® and Yoshihiko Sekozawa?®

RSI vol.82
053704 (2011)

0.3T, 80mm gapiiAZ{EA. 19984 (A . 2&h O] dni4fE.



MRI of normal/diseased branches of a pear tree

normal branch diseased branch

The dwarf disease Is a serious disease In Japanese pear farms,
because this disease damages the branches and drastically

reduces yields of pear fruit. To observe the function of the pear
branches, we measured MR images of the cross-sections.



NMR parameter mapping
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T,, T,, and proton density of the normal and diseased branches
In the cross sections. Clear difference was not observed.



and ADC mapping

&
”
=
-,

normal

o W

[s/zwd] Dav

[

5x
%
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DWI (b =0 s/mm?) DWI (b = 314 s/mm?) ADC map

In the ADC map, we can see very clear structure in the normal
branch but we cannot see such structure in the disease branch.



24-hour measurements (every 2 hours)

1000 —| [ 5x10°
—@- ADC value of sapwood /J\ ™
N’E | |—&— ADC value of heartwood -
%‘ n - B (%)
= . ./“\ _ 7 )
A - =% i S = 8»
g A——A——L\\H// \\‘.—j‘f‘{ A———*“H’ 4 E
2 i
ik @ \—*—0—4—0—0’/
R 5 iy T o
Maximum £882%28382838%
ADC - =% 8 88 & ¥ 8B A ==

This slide shows ADC map measured every two hours for 24
hours. This graph clearly shows that ADC and solar radiation
are closely correlated.



SAREHEIFAMRI at 0.12T (1)

MRI of a tree with a 60 mm diameter at 0.12 T.



SAREHAFAMRI at 0.12T(2)

External noise
was absent
(switched off)

— Thickness of Al foil

The RF coil was wound around the tree and shielded with aluminum foils. This
Is effective for most external noise but ineffective for powerful one.



SAREHEIFAMRI at 0.12T(3)

PDW image ADC map (parallel to the tree)
TR/TE = 800ms/20ms TR/TE = 800ms/46ms
NEX = 1, 256x256x16 NEX = 4, 128x128
FOV (80 mm)3 ,Slice 5mm FOV (80 mm)? ,Slice 30mm

Because the ADC map is measured in January 2013, water
function was very low. Much higher SNR is desired!



S AREHEIFAMRI at 0.2T (1)

; s R T} o “(, p -\‘" '
vl S AN Ay W ," . o
o 1 0 ?
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TR

Field strength: 0.21T, Gap = 16 cm Japanese Zelkova

Homogeneity: 34.6 ppm for (20cm)? x 12cm dev g Og
Weight: 520 kg AEOOE#ER



S AREHEIFAMRI at 0.2T(2)

TR =1200 ms, TE=50 ms, 6 =18 ms, A = 25 ms, matrix = 128 X 128,
FOV =10cm X 10 cm, slice thickness =2 cm, NEX = 2, pixel bandwidth
=195 Hz



s AREHHEAMRI at 0.2T(3)
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ADC map is measured automatically every 30 minutes with the climate data.
Water function is not active, but distribution of ADC is correctly measured.
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