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INTRODUCTION: Electrical bioimpedance in tissues
varies with the ionic concentration of intracellular fluid,
extracellular fluid, and dispersion. Performing electrical
bioimpedance measurements on human subjects yield a
quantitative impedance value but fail to give us insight
into the contribution of each tissue to overall impedance
or change in impedance with tissue conductivity. This
paper describes a simplistic model of human thorax
created and analyzed entirely using electrostatics
interface in AC/DC module of COMSOL
Multiphysics® simulation software to yield information
about tissue-specific impedance contribution.
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Table 1. Tissue conductivity values at
100 kHz used for simulation

Figure 1. Tissue structures
included in the geometric model

COMPUTATIONAL METHODS:

J = oE
J: current density, o :
Intensity
Sensitivity maps the change in measured impedance to

change in conductivity. The value of sensitivity is used to

calculate the overall impedance. Mathematically, it is
defined as,
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-J-o: current density due to current-driven between the
driving electrodes

S —

-[,e : current density due to current-driven between the
sensing electrodes

| : current density due to current electrodes
x: Inner dot product of /., and J,,.

Z= [Spdv
Z : Overall impedance, S: Sensitivity, p: Resistivity
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Figure 2. (a) Current density due to driving electrode (b) Current density due
to sensing electrode (c) Sensitivity: Conductivity in region C impacts overall

impedance most strongly

configuration was
impedance of the model as well as the percentage
contribution of lung tissue for different combinations of

conductivity, E: electric field

HYPOTHESIS:

* With an increase in length and width between

electrodes, the overall impedance as well as
percentage contribution of lungs, should increase.

* The transthoracic overall impedance for a model

corresponding to dimensions of an average human
thorax should be between 10 - 30 Q.

» Between inflation and deflation change in overall

impedance should be not greater than one percent.

RESULTS: A four-electrode horizontal and crossed
used to measure the overall

lengths and widths. The results were studied for trends

in change of overall impedance, maxima, and minima
that corresponded well with our hypothesis.
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Figure 5. Four electrode configuration used to verify validity of the model
(a) Horizontal configuration (b) Crossed configuration
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x MINIMA - same ratio between length and width is a case of voltage being measured between points on an equipotential surface

l Data follows an increasing trend Tl Total impedance

 Pointofinterest

Points with extremely low magnitude T Data follows an decreasing trend

Table 2.Total impedance and percentage contribution of lung tissue
to overall impedance

CONCLUSIONS: The model created shows
correspondence with our hypothesis. The results were
verified against measurements from a tissue phantom
that showed correlation. This model may allow
biomedical engineers to rapidly test a hypothesis or
study electrode configurations before investing time in
developing or procuring a precise model, thus saving
them time and resources.
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