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Conductivity Imaging of the Brain Using Diffusion Tensor Magnetic Resonance Imaging
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Conductivity tensor images of a rat’s brain were
obtained by a method using diffusion-weighted magnetic
resonance imaging (MRI). Signal attenuations in the
cortex and the corpus callosum were measured using the
stimulated echo acquisition mode (STEAM) sequence

with a motion probing gradient (MPQG). The fast and-

slow components of the apparent diffusion coefficient
(ADC) were obtained by fitting a biexponential
attenuation function to the measured signals. The
conductivity tensor of the tissue was calculated from the
fast component of ADC and a fraction of the fast
component. The mean conductivity (MC) of the cortex
and the corpus callosum were 5.1 x 102 S/m and 8.9 x
102 S/m, respectively. Using a spin-echo imaging
sequence, diffusion-weighted images were obtained with
b factors up to 3600 s/mm2. Conductivity tensor images
were calculated from images of the fast component of
ADC and images of the fast component fraction. Tissues
with highly anisotropic cellular structures, such as the

corpus callosum, the internal capsule, and the
trigeminal nerve, exhibited high anisotropy in
conductivity.
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corpus callosum

Fig. 1 Positions of 2 x 2 x 2 mm3 voxels in the right
somatosensory cortex and the corpus callosum.
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Fig. 2 Pulse sequences of (a) the stimulated echo
acquisition mode (STEAM) and (b) spin echo imaging.
A motion probing gradient (MPG) was applied with
amplitude G, pulse width §, and pulse separation A.
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Fig. 3 (a) Diffusion attenuation in the cortex. The
signals were obtained with motion probing gradients
(MPGs) in the following directions: G1 = (G/42)(-1 0
DT, Gz = (G/y2)1 0 DT, Gs = (G/42)0 1 DT, Gs =
(G/¥2)0 -1 DT, Gs = (G/42)(-1 1 0)T, Ge = (G/2)(1 1
0)T. Different colors have been assigned to the six
directions. (b) Diffusion attenuation in the corpus
callosum. The MPGs were applied in the same
directions as (a).
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Fig. 4 Signal attenuations in diffusion-weighted
images. Regions of interest (ROIs) with dimensions of
2 x 2 x 2 mm? were located in (a) the cortex and (b) the
corpus callosum. Different colors have been assigned
to the six directions.
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Table 1: Biexponential diffusion parameters in the cortex and the corpus callosum.

Gl G2 G3 G4 G5 G6
cortex Dtast (x10°4 mm?/s) 6.38 6.65 6.79 7.06 6.84 5.63
Deow (x10°4 mm?/s) 0.38 0.27 0.27 1.04 0.59 0.97
frast 0.86 0.90 0.90 0.78 0.88 0.94
corpus Deast (x10°4 mm?/s) 24.6 15.9 18.0 25.2 20.8 16.4
callosum | Dgiow (x10'4 mm?/s) 3.46 2.81 2.91 2.82 2.92 2.93
feast 0.56 0.65 0.60 0.50 0.54 0.56

Table 2: Conductivities measured in the six MPG directions, the mean conductivity (MC), and the fractional

anisotropy (FA) in the cortex and the corpus callosum. The MC represents an averaged conductivity between three

principal axes of the conductivity tensor. The FA indicates the degree of tissue anisotropy in conductivity.

G1 G2 G3 G4 G5 G6 MC FA
cortex
(x10°2 S/m) 4.9 5.4 5.5 4.7 5.4 4.9 5.1 0.11
corpus callosum
(x10°2 S/m) 10.8 8.4 8.6 9.7 8.6 7.1 8.9 0.26
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Fig. 5 Images of the fast component of the apparent
diffusion coefficient (ADC) obtained in the six MPG
directions.
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Fig. 6 Images of the fraction of the fast component
obtained in the six MPG directions.
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Fig. 7 (a)-(® Images of the conductivity in the six
MPG directions. Tissues exhibited high conductivity
when the MPG was applied in the same direction as
the orientation of neuronal fibers. (g) The mean
conductivity (MC) image and (h) the fractional
anisotropy (FA) image. The MC was high in the
corpus callosum and the ventricle, while the FA was
high in the corpus callosum, the internal capsule,
and the trigeminal nerve.
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AL bEZBNS. ADC OFEVRSE L TEBV KRS
DOHROMEEZED, £EANKGTOTHBBRLITIIHRED

IR EREL, ILRIFAEBLELE INTND.

HERTiX STEAM & spin echo @ 2 fEEHD H ik CHEHER
ZRw7-. STEAM 12 X 2HIEIE, BAOREDFEIKIZD
WTOREBREZROIFECEDTH Y, BIEREITE
V. E72, R2)I~QO)DITEE AV RV, BEREE
ROZMHEN LY EV. ZhIZH LT, spinecho iz k5
HEX, MEEOEBEBRSMEERILTIBECEHDTH
5. RBEERLUOBBIZHOWTRIESR MC OfE% 2
FEEOFEDORTHET S &, STEAM DOFEIL 5.1x102
S/m BLT 8.9x102 S/m TH Y, spin echo DHFEFIT
2.5x102 S/m 3 £ 11 2.9x102 S/m TH-o7=. STEAM %
ALEEET, EENARFEICLZEEREMICLYE
WENELNEZ E1E, LICRA LS RWEOZYUED
EEFELRVERTHD.

AE S TINOEERS A & BgL L7zAs, ADCHH
BRPHETIFER, REMZEOBBRICHLEATE
5. BT AL HER S ORI A~ THRBR R B S e
», BWEIED MPG ZEIN L T H{5 B5RE OB
B/ E V. L LK & iR S E B O#fk Ti%, MPG ©
EIC LV EERENRKELLBATS. EAHEMRIT T)
BRI A R < T BRRERANME 2, OB L L L
TIEBMMEEMN/EV . b=1000 s/mm? BE D&M TEEE
DIEBMEEIT-T, BHCKER OB T v Y VBRI
BICHETH LT L OMEIXH 5 2. LrL, b factor @V
SR TIEHORE ST (SN ) ERRT 2 DNEEL
W, BERFZHETIBICKRERRBRELALL LR
FHREND. BEOL A, RSXORESRME TRESO
HMZIC BT 2 EBBROEBIICITEZRIIL TV RN,
MEEEE X 28T T SN teistkE S, ok
THLEBRYHLEBLTEHAEERHD. FITHEER
OEEREEB LT, MECHMERIOMBITICEST5Z
ERHIFFENS.

REEE) OBR AT HREROFETIE, BHET
B E D L ICEBROEFIEVEBRICEETA T
AEASICHEDREEMET T 5. FMITEBEZEORMER
BErELEhd, GVEERRFELAETIHILEERD
NTEED, EROFETRIFMOFMEIT O OITEEL Y
o7-. ADC O EERNSM 25/ 5 FiEL, EIT EOREKD
FEL B L TEVWERMSFENRSOND. EEHREZA
M3 B HERRN-D, AEOHMBOREEZTLI LN
<, MRkt 3REL V. &6 ADC »HEE
BEHETHIFETIE, AHCRFEOSMEEGILTSE
5.

6. F&H

AL T, B MRI 2 AV TF v FORMNEERS
ZEGIL LTz, R & EEROLFABRICL L SN T,

AAGERSFES5E Vol 28, No. 4, 2004

MO 3 RTTEERT Vv L EHCAREBROEBRE L
DOEFREERIE L. STEAM BE#AWT, KBERER X
UHZIZOWT, MPG ORHIMIC L A5 BELRIE L.
BONGERREND, MBOEERT L Y VEHE LT,
KMEEB L ONE D mean conductivity X Eh
5.1x102 S/m B L (8 8.9x102 S/m Tdh o 7z. £ 72 spin echo
EERAWT, KNMOEBRT VY ILVEGERERLE. B
OB WHIRBE 2 OME, NEBLUEXHFRE0H
BIXEVWEERE LR L.

B AT E A R R M B & R HEE RS
(No. 12002002)35 & O3B 7L B R EhE OB X o 72,
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