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Measuring depth depends on frequency in electrical skin
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Background/aims: Multi-frequency electrical measurements in vivo on stratum corneum are frequently
reported in the literature. It is well known that the measured volume of skin is dependent on measuring frequency, and we wanted to investigate to what extent
the viable skin influences the measured impedance as
a function of frequency.
Methods: Finite element modelling (FEM) was used to
investigate the current and potential distribution in the
skin when measuring impedance with two concentric
surface electrodes.

Electrical impedance measurements have been
investigated as possible means of assessing
skin conditions and diagnosing diseases which
influence skin function (1-9). Skin hydration
assessment is a good example, and the European Group for Efficacy Measurements on Cosmetics and Other Topical Products (EEMCO)
gave their recommendations regarding electrical measuring methods in 1997 (10). The group
describes both single-frequency and multifrequency instruments for skin hydration assessment, without emphasising any particular
approach as superior. In this paper we will
show that the measured volume of skin depends largely on measuring frequency, and
that multi-frequency measurements on a well
defined volume of stratum corneum is impossible to achieve in vivo in a practical measuring set-up.

Results: The study showed that the impedance measured mainly reflects the stratum corneum at low frequencies, in this case below 1 kHz, and that the viable
skin dominates at higher frequencies.
Conclusion: It is concluded that a multi-frequency
measurement on isolated stratum corneum is not possible in vivo with conventional techniques, except within
a very narrow and low frequency range.
Key words: Skin impedance - measuring depth - finite
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Emas from MacNeal-Schwendler GmbH,
München, Germany, with axisymmetric frequency analysis in 3D mode from 10 Hz to 1
MHz. The model comprised two concentric
metal surface electrodes as described by
Yamamoto et al. (11) (Fig. 1), a 10 µm thick
stratum corneum, and a quasi-infinite viable
skin.
As shown in Fig. 2, due to rotational symmetry only a cross section of the system needs
to be modelled, but the program will automatically give the results for
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Materials and Methods
Finite element modelling (FEM) was used to
investigate the current and potential distribution in the skin in the case of impedance
measurements with two concentric surface
electrodes. The modelling was done on a
Hewlett Packard workstation using Aries and

Fig.1: Two concentric metal surface electrodes. Total diameter
is 15 mm.
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total impedance. Because of symmetry, the
stratum corneum was mathematically treated
as an assembly of concentric rings, each being
one element wide, and the impedance of the
stratum corneum was found by integrating
over these rings. This calculation is of course
only correct if the current in the stratum corneum is restricted to the cross section given by
the boundaries of the electrodes, and that the
current density is homogenous in this cross
section. These assumptions may however be
applied in this case because of the large size of
the electrodes and the large spacing between
them as compared to the thickness of the
stratum corneum.
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Fig.2: Finite element model.
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Fig.3: Relative contribution from viable skin as a function of
frequency.

the total 3D system. In this cross section, the
stratum corneum was modelled with 908 elements, and the viable skin with 2263 elements.
At a distance farther than 3 mm from the outer
electrode, the current density in the stratum
corneum is negligible and the stratum corneum was therefore not modelled in order to
reduce the number of elements, and hence the
processing time. A constant voltage was applied to the outer electrode, and the inner
electrode was connected to ground. The edges
of the electrodes were made slightly round (r =
10 µm) in order to avoid singularities in the
calculations; the material constants, i.e. resistivity and relative permittivity were taken
from Yamamoto and Yamamoto (12).
The program calculates the potential and
current density in each node of the model. In
order to assess and calculate the contribution
of the viable skin at different frequencies, the
impedance in the stratum corneum under each
electrode was calculated and compared to the

The results from the FEM calculations showing the relative contribution of the viable skin
to the skin impedance measured at different
frequencies, are given in Fig.3. The results
clearly show that the impedance measured
mainly reflects the stratum corneum at low
frequencies, in this case below 1 kHz, and that
the viable skin dominates at higher frequencies. At 1 MHz the stratum corneum only accounts for 5.4 % of the measured impedance.
In the case of a more hydrated stratum corneum, e.g. after treatment with a skin moisturiser, the influence from the stratum corneum is even less.

Discussion
The non-invasive measurement of skin impedance is influenced from a volume of the skin
having boundaries that are dependent largely
on the measuring frequency. High frequency
measurements in general reflect the deeper,
living layers of the skin, while low frequency
measurements are dominated by the stratum
corneum. Electrode geometry, of course, influences this behaviour to some extent, but the
general principle remains the same. In order to
focus high frequency measurements on the
stratum corneum, the size of the electrodes as
well as their separation must be kept small
compared to the thickness of the stratum corneum (13). Since this thickness is about 10-20
micrometers for most skin sites, this is totally
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unrealistic due to the risk of short circuiting
the electrodes on the skin surface.
A multi-frequency measurement on isolated stratum corneum is not possible in vivo
with conventional techniques, except within a
very narrow and low frequency range. Hence,
the use of such measurements can not be endorsed, unless it can be verified that the experimental set-up enables an isolation of the
stratum corneum in some way.
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