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Abstract
Some of the views presented in the chapter on ‘Examina-
tion of stratum corneum hydration state by electrical
methods’ in Skin Bioengineering – Techniques and Ap-
plications in Dermatology and Cosmetology (Karger,
1998) are in strong disagreement with the results from
basic research that has been conducted on skin imped-
ance measurement over the last decades. This research
has e.g. non-ambiguously shown that the frequency
response of the stratum corneum does not obey the Cole
equation and that measurement depth is strongly depen-
dent on measurement frequency. One consequence of
these findings is that multifrequency electrical measure-
ments on stratum corneum are impossible to achieve in
vivo with any electrode system known today. Hence,
electrical measurements of stratum corneum hydration
must be conducted at one single, low frequency.
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The electrical measurement of stratum corneum hy-
dration is an important and interesting field of research.
Unfortunately, it is also a field where we have not been
able to eliminate obsolete theories and information from
our publications. Thus, a chapter on the topic in the other-

wise excellent book Skin Bioengineering: Techniques and
Applications in Dermatology and Cosmetology [1] pub-
lished in 1998 only carried on this practice. Some of the
views presented in the chapter on ‘Examination of stra-
tum corneum hydration state by electrical methods’ are in
strong disagreement with the results from basic research
that has been conducted on skin impedance measurement
over the last decades.

This research has e.g. non-ambiguously shown that the
frequency response of the stratum corneum does not obey
the Cole equation [2, 3]. In fact, the impedance of the stra-
tum corneum does not even show any resemblance to a
depressed circular arc when plotted in the complex im-
pedance plane. Another important finding is that mea-
surement depth is strongly dependent on measurement
frequency [4–8]. The contribution from viable skin in-
creases with increasing frequency and hence measure-
ments done at different frequencies will not represent the
same measured volume of the skin. There is consequently
no doubt that multifrequency in vivo measurements on
stratum corneum alone are impossible to achieve with any
electrode system known today.

It is stated in the introduction that undamaged normal
and even psoriatic human skin very accurately obeys the
Cole complex impedance equation. Later, citing Yama-
moto and Yamamoto [2], it is argued that each layer of
keratin-filled cells in the stratum corneum also obeys the
Cole equation. This is wrong. One of the major findings
reported in this specific article by Yamamoto and Yama-
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moto is that the layers of the stratum corneum do not obey
the Cole equation. If one plots the data given for the stra-
tum corneum in the complex impedance plane, one will
actually see a frequency response quite different from a
depressed circular arc. Our own measurements confirm
this [3]. It is however true that all skin layers together will
produce a frequency response, which sometimes is found
to resemble a depressed circular arc in the complex impe-
dance plane. But the Cole equation is only one of many
empirical equations that are able to mimic this behaviour.
Not only the Cole distribution, but also any log-normal
distribution of relaxation times will produce curves which
are indistinguishable from depressed circular arcs [9].
One single Cole equation can consequently not be used as
a proper model for any stratum corneum phenomena,
including hydration state, since the stratum corneum
alone does not obey the Cole equation.

Hence, anything in the book chapter that is related to
using the Cole equation for the assessment of the stratum
corneum hydration state is invalid. The arguments for
basing hydration measurements on the Cole exponent m
and the claims that one would need at least three frequen-
cies in order to reproduce the frequency response of the
stratum corneum are all defective since they are based on
the same erroneous assumptions.

It is important to note that any multifrequency ap-
proach to measuring skin hydration in vivo will be ambi-
guous and misleading with any electrode system known
today. For a typical concentric two-electrode system we
found, by means of finite element calculations, that while
viable skin represented about 10% of the measured impe-
dance at 1 kHz, it represented about 90% of the impe-
dance at 100 kHz [8]. It is therefore obvious that e.g. an
instrument like the Skicon-200 [10], which measures at
3.5 MHz, does hardly measure in the stratum corneum at
all but may be an interesting instrument for measuring
reactions in viable skin. Furthermore, this important
mechanism is evidently not taken into account when the
author advocates using a frequency range tending towards
the high-frequency limit of the dispersion for skin hydra-
tion measurements. Smaller and more closely separated
electrodes decrease the influence from viable skin, how-
ever, and hence the Corneometer CM 825 [11] represents
a reasonable endeavour to achieve isolated measurements
on the stratum corneum at relatively high frequencies.
Both electrode width and separation must however be
small compared to the thickness of the stratum corneum
in order to achieve this and the Corneometer is hence only
suitable on rather thick stratum corneum like e.g. on the
frictional surfaces [12].

Our suggested choice of low-frequency susceptance
measurements for skin hydration assessment is also scru-
tinised in the book chapter. The author’s arguments
against the method are firstly that it – being a single-
frequency method – fails to specify the impedance or
admittance locus. This is of course irrelevant since the
stratum corneum does not produce a depressed circular
arc. Secondly the criticism is directed towards the possi-
ble influence by temperature and sweat duct filling on the
measured values. This issue has been thoroughly investi-
gated for many years in our group [3, 7, 8, 13–15]. In a
recent article we discuss the matter and find the influence
from viable skin and sweat ducts to be negligible even in
the worst case of stratum corneum soaked in water and
the impedance of the viable skin being very high [16]. The
temperature coefficient for the susceptance is typically
only –0.5% per degree Celsius [9] and since the low-fre-
quency susceptance for the stratum corneum increases
exponentially with moisture content [17], the temperature
influence is also negligible in any practical situation. In
the mentioned article we use the Cole equation together
with a common four-component electrical model for the
total skin (stratum corneum and viable layers) but we
would like to emphasise that the conclusion of the paper is
not dependent on any of these models. The author facto-
rises and transforms our expression for the measured sus-
ceptance by introducing new parameters and then asks
how we can be sure that the limit conditions are still met
(i.e. still negligible influence from viable skin and sweat
ducts). This is only misleading since undoubtedly, trans-
formation or factorisation of an equation does not change
the variable’s dependence on the original parameters.

Despite the author’s warning that the frequency depen-
dence is far from simple, the fact that the low-frequency
susceptance does not increase proportionally to the mea-
suring frequency, as it would with an ideal capacitor, does
not represent any problem when using susceptance as a
parameter for skin hydration. The frequency dependence
is totally irrelevant in this context. The relation between
water content and susceptance is known and the measure-
ments can be done with negligible influence from un-
wanted factors like temperature, sweat duct filling and
viable skin. Based on our current knowledge on the elec-
trical properties of human skin, low-frequency suscep-
tance measurements prevail as the most correct technique
for electrical measurements of skin hydration.
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