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Introduction zation impedance, viable skin, surface con-

tamination, etc.) and also which electrical pa-
Assessment of the degree of stratum cor- rameter that will dominate in the results.

neum hydration by measurement of electrical A frequently used electrical equivalent cir-
properties of the skin is a challenge and in- cuit for the skin is shown in figure I. Yamamo-
volves the significant problems of relating to and Yamamoto [ 4] assume that Goc is based
electrical data to physiological conditions. on ionic mobility in the stratum corneum,
Achievements in this area are, however, of YPOL is based on polarization in the stratum

great importance -skin moisture is closely corneum, and G= is the ionic conduction in the
related to skin function, and by monitoring viable skin. Y POL has a frequency-independent
the hydration state of the stratum corneum, phaseang1e[2]andaccountsforthedielectrical
an early diagnosis of nonvisible skin condi- dispersion and loss in the stratum corneum.
tions may be accomplished [I]. In addition, The ionic conduction in the sweat pores is pre-
the value of electrical measurements in the sumably a dominating contributer to Goc, at
evaluation of the effects of topical formula- least with dry skin. The total admittance of the
tions is confirmed by several reports [2, 3]. circuit in figure I is given by:

The problems involved are not only those 02 2 2
of interpreting raw data, but also of choosing + 0> CPOL + G

the right measuring technique. The technique y = G- .+ j o>CPOL 2 (1)
decides the volume (depth) of the skin to be ( 1+ E-) 2 + (~)2 ( 1+E-)2+ (~)

measured, the amount of influence of un- G- G- G- G-

wanted components (such as electrode polari- where G = GPOL + Goc.
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Important mechanisms that can be studied
by electrical means are described by Leveque
and De Rigal [5] to be (I) the plasticizing
effect of water, making the keratin chains,
which have a dipolar moment, more movable,
(2) the movement of more or less free ions in
the intercellular spaces, and (3) protonic con-
duction in continuous networks of hydrogen
bonds formed by water molecules.

The Corneomete~ and Skicon@ are well
documented and frequently used instruments
in the monitoring of these effects [3,6,7]. The
Skicon operates at 3.5 MHz, and the Cor-
neometer uses a sawtooth voltage with fre-
quency components up to a few megahertz
[pers. commun]. At these frequencies, the im- Fig. 1. Electrical equivalent of the skin.
pedance of the stratum corneum is low, and
an isolated measurement of the stratum cor-
neum therefore difficult to obtain. The possi-
bility of short-circuiting the two adjacent sur- Materials and Methods

face electrodes by means of cream, sweat, etc.,
, 8 healthy Caucasian volunteers, 4 women and 4
is also large [8]. , , , men, were studied, Age range was 26 :f: 4 years, They

The mechanisms lIsted above mfluence were requested to refrain from using any moisturizer
both the electrical conductance and suscep- on their skin during the 48 h preceding the experiment.
tance of the stratum corneum. An argument Relative humidity was 26-38% and room temperature
ti ' h 'gh ti ' , d d ' was 22-25 o C,
or usmg 1 requencies is re uce m- Th fii f d "fii ' " d "

d, , , , e e ects o I erent molstunzers were stu le
fluence ofiomc conductlon.m the ~weat pores by monitoring several different electrical parameters
[9]. Hence, the susceptance is considered to be of the treated skin sites, These parameters were the
the parameter with the most explicit relation arbitrary units of the Comeometer CM820@, the elec-
to stratum corneum hydration. Equation I trical susceptance and conductance at 8 and 88 Hz,
shows however that y must be studied using both two and three-electrode measurements, and

, ' , PO~ , the two- and three-electrode measurements of elec-
with low frequency techmques m order to trical admittance at 10 kHz,

eliminate the influence of Goo. In this case, the The 8-Hz measurements are close to the lower
influence of ionic conduction can easily be practical frequency limit for skin hydration measure-
avoided by the use of the lock-in technique. ments, At lower frequencies, a conventional LP filter
Th 1 t d 1 ' t' , d ' al at the output of the measuring circuit requires a time

e e ,ec ro e po anza ion impe ance i~ SO constant that is incompatible with the demand for an
a possible source of error at low frequencies. It acquisition time restricted to only a few seconds (in-

will be shown later in this paper, however, struments with synchronous filters make measure-
that even skin sites treated with water have an ments at lower frequencies possible, however), A short
impedance at low frequencies that is about ~cquisition time is import~t in order to avoid t~e

, Influence of electrode occlusion on the measured Skill
three orders of magnitude greater than the site, The frequency of 88 Hz was arbitrarily chosen in

electrode impedance. Low frequency mea- the range where the required time constant was no lon-
surements are therefore included in this com- ger critical, but where the influence of stray capaci-
parative study. tance and series resistance (G~ in fig, 1) was still negli-
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Fig. 2. Concentric electrode oufere!ectrode",235,Trnm2
[modified construction according applied pressure",lg/mrn2

to 9].

gible. 10 kHz were found appropriate for monopolar
admittance modulus measurements in an earlier paper
[10], and it was the lowest frequency recommended by LOCK-IN AMPLIFIER
Yamamoto et al. [9] when using their concentric elec-
trodes for quasi monopolar measurements.

All admittance measurements were carried out us-
ing a Princeton Applied Research 5210 lock-in ampli-
fier connected to a concentric electrode, equal in con-
struction to the one described by Yamamoto et al. [9]
(fig. 2), but with platinum as electrode material, and
separate cables to the two electrodes. The cable to the
inner electrode was a coaxial type with grounded
shield. A sinusoidal voltage of 20 m V was used.

True monopolar measurements were obtained by
adding a three-electrode system [II] to the amplifier
(fig. 3). The inner part of the concentric electrode was
used as a measuring electrode, and the outer part as a C " ... Pt...oncenlllc -electrode
reference electrode. A Siemens SIgna II solId gel elec-
trode was used as a counter electrode. The power supply
to the operational amplifier in figure 3 was always
turned off, and the counter electrode disconnected, Fig. 3. Measuring circuit.
when using the circuit for two-electrode measurements.
All measurements were performed on randomly chosen
sites on the ventral side of the forearm, and the counter
electrode was attached to the dorsal side. DC potentials removed. A short breath was always applied in ad-
due to different electrode materials and skin potentials vance to the measured skin site. The moisture applied
can, in this setup, be compensated for by adjusting a DC by the short breath has only a minimal effect on skin
voltage source in series with the reference electrode hydration, but increases the contact ratio between elec-
until no DC current flows through the counter electrode trode and skin, giving a more stable admittance value
(fig. 3). Since the measuring and reference electrodes the first seconds after application.
were both platinum and placed adjacent on the skin, Mter recording the prevalues, 0.1 ml of one of the
there was no need for such calibration. moisturizers was gently massaged into the circular test

The moisturizers used were destined water, a lipo- site (d = 2.5 cm) for 60 s and the redundant substance

some suspension containing 10% phospholipids and was then removed with a paper towel. In the Spenol
an o/w emulsion (Spenol@). Before each measurement measurements, recordings were done successively with
or measurement series, the test subjects rested quietly all techniques immediately after treatment, and then
in the laboratory for at least 15 min. Prevalues were after 10, 30, 60, 120,240 and 360 min. In the case of
measured on the tested skin sites before every treat- water and liposome treatment, measurements were
ment, and an adjacent control site was also measured carried out every minute for 10 min after treatment,
as a reference. Readings were done 5 s after electrode and a new series of measurements was done for each
application, and the electrode was then immediately technique.
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Table 1. Results from some selected methods after water treatment

Time
min

Treated site
-1 58.50 5.29 0.43 0.30 31.31 23.52
0 116.25 2.22 8.58 1.81 879.69 279.81
1 87.38 7.65 3.04 1.16 200.53 93.59
2 78.38 4.55 2.33 0.82 118.31 47.06
3 73.88 4.31 1.65 0.94 101.41 51.68
4 73.00 3.61 1.49 0.76 83.66 38.58
5 71.63 4.39 1.43 0.80 78.03 38.74
6 71.13 4.14 1.42 1.02 71.88 35.10
7 71.50 3.04 1.29 0.89 69.28 43.40
8 70.00 4.12 1.10 0.86 62.22 36.18
9 70.38 6.22 1.04 0.77 60.44 33.01

10 69.38 3.94 -JJ 0.94 0.65 )1:"!f/';;:f 54.88 28.27
",'Untreated control site

-1 68.38 4.50 0.42 0.16 28.16 12.22
0 70.38 6.82 0.68 0.41 29.06 9.76
I 72.13 5.42 0.62 0.27 27.22 5.82
2 71.00 5.61 0.67 0.22 29.69 8.22
3 72.25 5.43 0.67 0.33 31.78 11.77
4 70.38 4.90 0.66 0.37 29.56 10.16
5 71.50 6.24 0.77 0.36 30.97 17.14
6 71.88 6.07 0.74 0.34 29.00 9.35
7 72.00 4.69 0.72 0.39 27.56 8.23
8 71.38 5.02 0.70 0.34 29.34 13.87
9 71.75 5.17 0.75 0.43 25.69 8.60

10 73.63 5.74 0.71 0.45 29.00 16.87

a.u. = Arbitrary units.

Results The 8-Hz measurements are not listed as

they differ only slightly from the 88-Hz mea-
Table I lists some selected parameters surements. The 8-Hz values equalled about

measured after water treatment -the Cor- half the conductance values and one fourth of
neometer units, true monopolar susceptance the susceptance values of the 88-Hz measure-
at 88 Hz and true monopolar admittance at ments. When comparing mean values, the 88-
10 kHz. All results are listed as mean and Hz susceptance was furthermore twice as sen-
standard deviation (SD) of the measured val- sitive to treatment by the moisturizers as the
ues from the 8 test persons. The prevalues are 8-Hz measurements, whereas the sensitivity
listed at '-I min' to indicate that the skin sites of the conductance channels were alike. The
were treated for l min. The time scale starts at difference in sensitivity in the susceptance
zero immediately after the treatment. channels at 8 and 88 Hz was not statistically
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Fig. 4. 88-Hz conductance and susceptance after water treatment.
Fig. 5. Relative increase in Comeometer units after water treatment.

significant, however. The paired-sample t test not listed. Figure 4 shows the mean value of
gave p = 0.19. Two-electrode measurements the monopolar conductance and susceptance

did not differ from the three-electrode mea- measured at 88-Hz. It can clearly be seen that
surements,and are also disregarded in table I. the conductance decays faster than the sus-
The results show that the conductances mea- ceptance. This is presumably due to the loss of
sured by the different methods are of ques- galvanic contact through the sweat pores be-
tionable value because of the contribution cause of duct absorption.
from the sweat pores, and they are therefore
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Fig. 6. Relative increase in 88-Hz susceptance and 10-kHz admittance after water treat-
ment.

Table 2. Results from some selected methods after Spenol treatment

Time
mm

Treated site
-1 66.88 7.88 0.57 0.30 27.94 19.41

0 97.88 15.25 3.90 1.52 186.53 140.32
10 87.75 5.87 2.17 0.84 72.09 21.93
30 81.63 6.61 1.63 0.55 58.13 22.30
60 82.00 7.87 1.44 0.65 57.25 27.04

120 81.50 7.07 1.27 0.57 58.00 33.52
240 80.25 6.14 1.3:2 0.61 53.41 21.33
360 83.00 7.52 1.75 0.66 72.84 38.74

Untreated control site
-1 67.25 4.47 0.68 0.25 30.59 13.57

0 68.50 6.06 0.90 0.38 32.00 11.73
10 69.13 5.01 0.72 0.30 26.91 10.17
30 67.63 4.30 0.58 0.32 23.66 7.35
60 70.50 4.27 0.57 0.28 22.91 9.89

120 68.88 5.84 0.60 0.34 24.59 10.87
240 69.75 4.35 0.50 0.20 24.00 11.06
360 72.88 7.04 0.90 0.60 25.56 12.91

a.u. = Arbitrary units.

242 Martinsen/GrimneslKarlsen Skin Moisture Assessment



7

9?;
O
Q)
<3
s;,

~
'"'
0
~

8

Fig. 7. Relative increase in Corneometer units after Spenol treatment.
Fig. 8. Relative increase in 88-Hz susceptance and lO-kHz admittance after Spenol treat-

ment.

In order to compare the methods, the rela- As in table 1, some results are omitted for the
tive increase in Comeometerunits after water reasons given above. Figures 7 and 8 give a
treatment in shown in figure 5, and the corre- graphical presentation of the relative in-
sponding 88-Hz and lO-kHz results in fig- creases in the parameters after Spenol@ treat-
ure 6. ment.

Table 2 shows the results from the mea- The results from the measurements on skin
surements on skin sites treated with Spenol@. sites treated with the liposome formulation
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were not significantly different from the re. plains the high sensitivity of the method in the
suIts obtained with pure water. Experiments initial evaporation phase against the lower
on the long-term effect of liposomes on the sensitivity to small changes in the stratum
stratum corneum hydration are in progress. corneum (fig. 8). An admittance measure-

ment at frequencies higher than 10 kHz might
be used, as recommended by Yamamoto et al.

Discussion [9]. Mean 10-kHz admittance after water
treatment was 880 ~S/cm2, which, however,

A11 methods used responded significantly equals 1.14 k.Qcm2. Yamamoto et al. [2] re-
to the application of moisturizers to the skin. ported the resistance of deeper skin layers to
They all showed a descending course lasting be below 500 .Qcm2. Hence, as shown by
about 5 min after water application, and after equation 1, increasing the frequency makes an
10 min there was still a minor increase in the isolated measurement on the stratum cor-
hydration level compared to the prevalue neum impossible.
(fig. 5, 6). The distance between the electrodes in the

In the two-electrode measurements, the Corneometer is well below 100 ~m. A high
electrodes are separated by 2.5-mm epoxy. sensitivity to moisture on the skin surface is
Since both electrodes were placed on the therefore obvious, presumably at the expense
treated area, the results should not differ sig- of the detection ofmore subtle changes deeper
nificantly from the three-electrode results. in the stratum corneum, as indicated in fig-
This was confirmed in the experiment. There ures 7 and 8.
are, however, several good reasons for using The use of low frequencies in skin hydra-
the three-electrode system. It allows for great- tion assessment cannot, however, be imme-
er flexibility in electrode design, it compen- diately recommended, without discussing the
sates for 50/60 Hz noise (and all other fre- possible influence of electrode polarization.
quencies within the valid range for the opera- Our results show that after water treatment,
tional amplifier) induced in the test subject by the mean total impedance measured is
stray capacitance [10], and it eliminates all 250 k.Qcm2 at 8 Hz and 90 k.Qcm2 at 88 Hz.
risks of short circuiting in case of excess sur- Onaral and Schwan [12] report the imped-
face moisture. ance of platinum electrodes in saline to be

Mter Spenol application, the descending 340 .Qcm2 at 8 Hz and 70 .Qcm2 at 88 Hz.
course of the readings from the Corneometer Ragheb and Geddes [ 13] report a correspond-
and the 10-kHz admittance measurements ing value of 40 .Qcm2 at 100 Hz. That is, peak
lasted for about 30 min, against 60-120 min values after water treatment are, at 88 Hz, still
for the 88-Hz susceptance measurements over 1,000 times the value of the electrode
(fig. 7, 8). They all stabilized at a level signifi- impedance. This is even enough to compen-
cantly higher than the prevalues throughout sate for a possible reduced effective electrode
the 360-min period. The increased values at area.
360 min are artifacts due to physical activity, In conclusion, the use of low frequencies
as confirmed by the corresponding increase combined with the three.electrode system and
on the control sites (table 2). the lock-in technique is found to be the pre-

As reported by Yamamoto et al. [9], the ferred method in electrical skin moisture as-
admittance at 10 kHz is still influenced by sessment. This method seems to be more sen-
sweat pore conduction. This presumably ex- sitive to changes in the hydration level of the
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