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Separation of electrode polarization from bioimpedance data
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Abstract: Electrode polarization impedance shows a
great resemblance to tissue impedance, and can be
diflicult to eliminate from bioimpedance data. In this
paper we show that plotting of the measured data in
the complex admittance plane, under certain circumstances may be used to distinguish between tissue impedance and electrode polarization in one single set of

with electrode polarization, and hence lead to incorrect

measured data.

MATERIALS AND METHODS

INTRODUCTION

A piece of toe nail was measured in a closed Aluminium measuring chamber, where the relative humidity (RH)
was controlled by means of saturated aqueous solutions.
The nail was mounted between two cylindrical resilient
stainless steel electrodes with an area of 1.76 mm2. The
nail was first rinsed in destilled water, and then allowed to
dry.A fine-grained file was afterwards used to modify the
geometry of the nail to be 1.35 x 1.35 x 0.25 mm.
The electrical admittance of the nail was then measured in a two electrode system using a Stanford Research
850 lock-in amplifier. The frequency range was 1 mHz to
1 kHz and an applied voltage of 100 mV rms was used.
The measurements were conducted transversally to the
nail's direction of growth. All results were calibrated according to measurements conducted on the same cell
without nail. Previous measurements did furthermore
show that the electrical admittance was stable after approx. 18 hours after the nail was mounted in constant RH.
In the results presented here, the nail had been allowed to
stabilize for 48 hours before the measurements started.

Polarization phenomena

at the

electrode interfaces

have always complicated the interpretation of data from
bioimpedance measurements. Separating the electrical
properties of the electrodes from the properties of the
tissue under investigation, is usually a very difficult task
since these two systems often have very similar electrical
behaviour. The electrical impedance caused by electrode
polarization is in general more frequency dependent than
the tissue impedance, however, in the sense that the influence from electrode polarization is more significant at low
frequencies.

When the experimental circumstances permit the use

of a four electrode set-up, this is always the preferable
measure to take in order to avoid significant influence
from the electrodes. If a two- or three electrode system is
required, one must either assume that the electrode polarization is negligible, or try to separate the electrode polarization from the tissue properties in the measured data.
Several sophisticated methods have been proposed for the
latter solution. For in vitro measurements the most practical method is probably that of varying the geometry of the
measured specimen [1]. Keeping e.g. the cross section
constant, should involve an impedance which is proportional to the length of the tissue. Any offset should be
ascribed to the electrodes. This method is suitable in some
cases, but it involves the operation of removing the tissue
from the measuring cell, and then reattaching it after
having modified the geometry of the tissue. Experience
has proven it difficult to reproduce exactly the same effec-

conclusions being drawn.
In this paper we will show that plots in the complex
admittance plane under certain circumstances can be used
to distinguish between tissue impedance and electrode
polarization in one single set of measured data.

RESULTS
The results from measurements on the nail at 687o RH,

fig.l tzl.
An almost complete minor arc of a circle can be seen at
frequencies from 1 mHz to about I Hz. From about I Hz
to 1 kHz the admittance is linear, corresponding to the
are presented in the complex admittance plane in

response of a constant phase element [3].

DISCUSSION

tive electrode area after the modification of the tissue.
Measurements on nail in vitro with the experimental setup described in this paper, showed a standard deviation of

An inherent property of the Cole equation transformed
into the admittance plane, is that the plot will be linear if

about lUVo in the measured electrical admittance when the
same piece of nail repeatedly was mounted in the cell and
measured. This deviation may enoneously be associated

the series resistance is very small. A large series resistance
reduces the diameter of the plot, while a smaller resistance
increases the diameter.
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Fig.I:

Results

from measurements on nail in vitro from

The curve in fig.l could hence be interpreted as an alpha- and beta dispersion in parallel, where the series resistance of the beta dispersion is relatively small [4]. There

are some important arguments against such a theory,
however. Firstly, we did measurements on several pieces
of nail with varying thickness. These measurements

showed that the transition from circular arc to straight line
occurs at a lower frequency when the nail thickness is
increased, which correlates well with a series representa-

tion of two polarization mechanisms. Secondly, the circular part of the curve was not found in previously reported
measurements on nail in situ, where hydrogel electrodes
were used in the same frequency range [5].
A more plausible cause of the circular arc is electrode
polarization. The two dispersions would in that case actually be caused by polarization mechanisms which physically lie in series. The impedance of the nail will mainly
be resistive at low frequencies, and the nail will thus play
the role as an extra series resistance for the electrode impedance. This will cause the circular plot of the electrode
polarization to complete at a much lower frequency than
without the nail. Keratinized tissue like nail and stratum
corneum are known to give linear plots in the admittance
plane up to at least I kHz [6]. Using admittance plots to
separate electrode polarization from tissue properties is
thus favourable, both because the electrode polarization
and the tissue admittance will be well separated in the
plot, and because the linear response of the tissue causes
the tissue admittance to be readily extrapolated towards
lower frequencies.
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mHz to

I

kHz.

The continued work on this topic will include measurements on both stratum corneum and nail, at different

RH and with different tissue geometry. Such measurements accompanied by mathematical simulations will
probably further establish the origin of the measured responses.
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