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Abstract— This work presents an analysis of the de-
tectability of an anisotropic skeletal muscle conduc-
tivity in electrical impedance imaging, with a given
measurement accuracy. A concentric circle model is
used to develop a relationship between the anisotropic
conductivity parameters and the measurement accu-
racy required to detect these parameters.

1. INTRODUCTION

The goal of Electrical Impedance Imaging (EII) is to
determine the spatial distribution of the electrical conduc-
tivity inside a conductor, by applying a limited electrical
power to the conductor. EII methods are currently used
both to measure impedances and to assign impedance val-
ues to various anatomic regions. For a given power, the
larger the variation in the boundary potentials as a re-
sult of a deviation of the conductivity distribution from
a homogeneous and isotropic conductivity, the higher the
distinguishability of the deviation in conductivity. EII re-
construction algorithms assume that the conductor region
has a piecewise homogeneous and an isotropic conductiv-
ity [1]. However, the level of anisotropy is significant in
some biological tissues especially, in the skeletal muscle
and the myocardium [2,3].

We are interested in determining the invivo tissue con-
ductivities from EIIl measurements using the anatomi-
cal information determined from high resolution magnetic
resonance and/or ultrasound imaging [4].

The first purpose of this study is to investigate the
significance of the skeletal muscle anisotropy and its de-
tectability in EII when the structural information about
the conductor region is available.

II. METHOD OF SIMULATION

Assume a circular inhomogeneity with radius R and ho-
mogeneous, isotropic conductivity, o1, Is centered inside
another circular conductor, bounded by surface S with ra-
dius a. The conductivity of the outher ring is o5. Electric
current is injected into the circular region on S. Assuming
an applied current density, of the form

This work was supported in part by the NSF/ERC grant CDR-
8622201 and the NIH research grant HL-40092.

0-7803-0785-2/92$03.00 ©IEEE

7(0) = 3272 (AnCosnb + B, Sinnf) on S, the electric po-
tential function on S can be expressed as [5]

Vi(a,0) = 1 a"(azna'l - R0y + a®"0y + R?"03)
R “in a?oy+ R0y 4+ a?toy — R0y
[ArCos(n8d) + BpSin(n8))]. (1)

Here o1 and o2 are homogeneous and isotropic. Previ-
ous studies on the forward problem of the electrocardio-
graphy suggest that the skeletal muscle anisotropy has
a significant effect on the thoracic electric field distribu-
tion[2, 3]. Conductivity along a skeletal muscle fiber, o,
is higher than the conductivity normal to the muscle fiber,
o1. The skeletal muscle conductivity tangential to the
torso wall, o,,, has been assummed to be equal to the
mean of the normal and longitudinal conductivities and
the conductivity normal to the torso wall is assummed to
be equal to o7, by previous researchers [2,3]. The skele-
tal muscle anisotropy ratio o, /o7 may typically be about
8 [3]. Using the boundary extension method, i.e. radi-
ally streching the outher layer by a factor of /o, /o1,
the anisotropic skeletal muscle layer can be replaced by
an isotropic conductivity layer. An isotropic conductivity
value 09 = /0, - 0 is assigned to the outher region. The
electric potential function on S, then becomes

_ 1 bn(bgntfl - R2n0’1 + anO'Q + REnO'Q)
Vz(b, 6) . nzz:l ;l— b2rgy 4+ R0y 4 b2"ay — R0y
[A,Cos(nd) + B, Sin(nd)]. (2)

Where b = /o, /o1 - a. We then calculated the mean
squared difference between Vy and Vi:

v = Vo = ill, where |If]l = ([, 1f(r,0)]?dS)!/?. For
70 = Yoo (AnCosnb + By, Sinnf) applied to the con-
ductor, mean squared current density is ||7]] = 1 then,

Z { bn b2n0'1 Rzndl + b2n0'2 -+ Rzndo)
b2gy + R2ngy + b0y — R0y

‘/ =

a (a o1 — R0y + a®os + R2n02)}2}1/2 @)
a?"gy + R0 + a?toy — R0y ’
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The summation in equation (3) is a maximum when n=1.
For the anisotropy in skeletal muscle to be detected with
an EII system having a measurement accuracy €, 7|n=1
must greater than e:

[b(b2al—R201 +b%034+R%03) _ a(a®01—R%?014+a%02+R%02)
b20,4+R20,+b202—R%02 a201+R20,4a%0,—R20;

]>6.

III. RESULTS

We assumed that the internal inhomogeneity has a con-
stant radius, R = b/10. First, radial conductivity of the
skeletal muscle, oy, is kept constant at o; — 1. The con-
ductivity of the outher layer, o2, is set to o2 = \/o,,,
where 0y, = (b/a)? and b = 1. Fig.1. shows the mean
squared potential change as a function of the conductiv-
ity of the internal inhomogeneity and ratio of unextended
radius to the extended radius (y/01/0m) calculated from
equation (3).

Then, o, is kept constant at ¢,, = 1 and as the level
of anisotropy varied o, is varied as o3 = \/o, where o7 =
(a/b)? and b=1 (Fig. 2). In Fig. 1.(a) and Fig. 2.(a),
the shaded planes represent the detectability plane of the
skeletal muscle anisotropy. Measurement noise should be
below the detectability plane, for any anisotropy in the
skeletal muscle conductivity to be detected.
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Fig. 1. (a) Mean Squared potential change as a function
of o1 and a/b. (b) Isopotential map of the mean squared
potential. o; = 1 is kept constant and o,,, = (b/a)?.

For a = 0.3536, which corresponds to anisotropy ratio
of 8 for skeletal muscle, and 1 = ¢; = 1, the measurement
precision must be better than 0.63. For a = 0.3536 and
01 = om = 1, the measurement precision must be bet-
ter than 0.66. These signal levels are sufficiently high to
be detected, therefore the contribution of skeletal muscle
anisotropy to the boundary measurements must not be ne-

glected during the reconstruction of electrical impedance
images.
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Fig. 2. (a) Mean Squared potential change as a function

of o1 and a/b. (b) Isopotential map of the mean squared
potential. o,, = 1 is kept constant and o; = (a/b)?.

This paper builds on the ideas of Isaacson (1986) [5],
which considered the detection of an inhomogeneity in-
side an otherwise homogeneus isotropic circular conduc-
tor. Here, we assumed that the size of the internal in-
homogeneity and its conductivity are known and studied
the detectability of the anisotropy in the skeletal muscle
conductivity.
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