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Technical Note

Verification of a Skin Electrical Impedance Model for
Evaluating Indicators of Skin Barrier Function of Older Adults
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Abstract Skin barrier function has been quantitatively evaluated through trans-epidermal water loss, which
has been difficult to measure in clinical settings owing to environmental factors and the measurement time. The
thickness and surface water content of the stratum corneum are important indicators of skin barrier function, and
current methods for measuring these two indicators are also difficult to implement in clinical settings. Therefore,
we developed a model based on skin electrical impedance to estimate the thickness and water content of the
stratum corneum, enabling measurement and estimation of these two indicators in a short time. In this study, we
verified this model implemented in a portable skin electrical impedance measurement device for estimating the
thickness and surface water content of the stratum corneum of the skin in older adults. Thirty-four older individ-
uals were studied. The measurement electrodes were placed in contact with the forearm skin, and an alternating
signal of two frequencies was applied to measure the impedance, from which the thickness and surface water
content of the stratum corneum were estimated in approximately 5 s. The correlation coefficients between the
estimated and measured thickness and between the estimated and measured surface water content were 0.732
and 0.604, respectively. Furthermore, the root mean square errors of the residuals for the thickness and surface
water content were 1.66 um and 3.50 points, respectively, indicating that the model accurately estimated the
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thickness and surface water content of the stratum corneum, even in the skin of older adults.
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1. Introduction

Impaired barrier function of human skin facilitates the
penetration of various chemical substances and allergens
into the body, causing itchiness, atopic dermatitis, and
other problems [1, 2]. Skin barrier function is commonly
evaluated by measuring the trans-epidermal water loss
(TEWL [g/m?/h]), which may also serve as an indicator
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of skin barrier function recovery [3—5]. Measurements of
TEWL are easily affected by the environment and take a
long time, making them difficult to apply in clinical set-
tings. The stratum corneum is considered to be responsi-
ble for most of the skin barrier functions, and two fac-
tors—the thickness and the water content of the stratum
corneum—play important roles.

High-precision measurements of the thickness and
water content of the stratum corneum require the use of a
confocal laser microscope and confocal Raman spec-
trometer, respectively. However, both of these devices
are large, the measurement methods are complicated,
and the measurement time is long, making them difficult
to use in clinical settings.

Therefore, research has been conducted using elec-
trical impedance method to calculate the thickness and
water content of the stratum corneum, which are import-
ant factors in skin barrier function [6—8].

In the electrical impedance method, a harmless cur-
rent is passed through the skin at two frequencies (500
Hz and 100 kHz), and the tissue resistance and capaci-
tance are measured. We have verified a resistance—capac-
itance model of the thickness and surface water content
of the stratum corneum implemented in a skin electrical
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impedance measurement device for estimating the thick-
ness and surface water content of the stratum corneum in
adults [9]. Subsequently, we miniaturized the device and
created a portable skin electrical impedance measure-
ment device (PSID) (Fig. 1).

In this study, we verified whether this model is effec-
tive for estimating the thickness and surface water con-
tent of the stratum corneum in older adults by determin-
ing the accuracy of the PSID.

2. Measurement Methods

To verify the accuracy of the PSID, we enrolled 34 older
adults (19 males and 15 females; mean age of 74.4 + 5.2
years) who had no skin diseases. Measurements were
taken at two test sites located near the center of the me-
dial forearm (Fig. 2), with a total of 64 measurements.
The electrodes on the measurement head of the PSID
(Fig. 3) were placed in contact with the skin; measure-
ment of the skin electrical impedance began 3 s later and
was completed in approximately 5 s. The measured skin
electrical impedance was used to estimate the thickness
of the stratum corneum, denoted as 7, and the surface
water content of the stratum corneum, denoted as WCl,.
The thickness of the stratum corneum measured using a
confocal laser microscope (VivaScopelS00 Multi) was
denoted as T,,, and the surface water content of the stra-

Fig. 1 Photograph of the portable skin impedance measure-
ment device (PSID).

Normal

Fig. 2 Test sites at the center of the medial forearm.

tum corneum measured using a confocal Raman spec-
trometer (Model 3510 SCA) was denoted as WC,,.
Measurements were taken in a room maintained at a
constant temperature of 21°C and relative humidity of
50%. The test site was first washed with water and then
left to acclimatize for at least 15 min. This study was
approved by the Ethical Review Committee of Okayama
University Hospital (2211-042), and experiments were
conducted in accordance with the Declaration of Helsin-
ki, its revisions, and guidelines approved by the Ethical
Review Committee. All participants provided written
consent prior to the experiments.

3. Results

Figure 4a shows the relationship between the measured
(T,,) and estimated thickness of the stratum corneum (77,)

»

Fig.3 Electrode on the measurement head of the portable
skin impedance measurement device (PSID).
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Fig. 4a Measured (7,,) and estimated thickness of the stra-
tum corneum (7},).
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Fig. 4b  Bland-Altman analysis of measured (7,,) and esti-
mated thickness of the stratum corneum (7).
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Fig. 5a  Measured (WC,,,) and estimated surface water con-
tent of the stratum corneum (WCy).

using Pearson correlation coefficient. Figure 4b shows
the results of Bland-Altman analysis between 7,, and 7.
The correlation coefficient was 0.732 and root mean
square error (RMSE) of the residuals was 1.66 um. Fur-
thermore, the mean difference (7, - T;,) was —0.66, with
+1.96 SD of 2.34 and —1.96 SD of —3.67. Figure 5a
shows the relationship between the measured (WC,,)
and estimated surface water content of the stratum corne-
um (WC,,) using Pearson correlation coefficient. Figure
5b shows the results of Bland-Altman analysis between
WC,,, and WC,. The correlation coefficient was 0.604
and RMSE of the residuals was 3.50 points. Further-
more, the mean difference was —1.22, with +1.96 SD of
5.25, and —1.96 SD of —7.69.
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Fig. 5b  Bland-Altman analysis of measured (WC,,) and
estimated surface water content of the stratum cor-
neum (WC).

4. Discussion

A strong correlation was observed between the thickness
of the stratum corneum estimated using the PSID and the
corresponding values measured using a confocal laser
microscope in healthy older adults. Similarly, a correla-
tion was observed between the surface water content of
the stratum corneum estimated using the PSID and the
corresponding values measured using a confocal Raman
spectrometer. Uehara et al. [9] reported that the RMSE of
the residuals for the thickness and surface water content
of the stratum corneum were, respectively, 2.2 um and
4.7 points in the fundamental data, and 2.3 um and 5.4
points in the validation data. These values are larger than
the corresponding values from the PSID measurements.

Figure 4b shows the Bland-Altman analysis of stra-
tum corneum thickness, which revealed no significant
proportional error, with a slope of 0.15. Only one data
point for stratum corneum thickness fell outside the
+1.96 SD.

The Bland-Altman analysis of stratum corneum sur-
face water content, as shown in Fig. 5b, exhibited signif-
icant proportional error with a slope of 0.303 (p < 0.05).
The mean stratum corneum surface water content was
approximately 30 mass-%, distributed within the range
of 25 to 40 mass-%. At around 25 mass-%, the estimated
value was approximately 1.5 mass-% lower. Further-
more, at around 40 mass-%, the estimated value was ap-
proximately 3.0 mass-% higher. Therefore, the influence
of proportional error on stratum corneum surface water
content can be considered minimal.

Additionally, three data points deviated from +1.96
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SD in the analysis of stratum corneum surface water
content.

These results demonstrate that stratum corneum
thickness and surface water content can be estimated
with the aforementioned accuracy using the PSID, even
in the skin of older adults.

The accuracy of the PSID was evaluated using a
sufficient number of measurements (a total of 64 mea-
surements from 34 older men and women), confirming
the effectiveness of the model in measuring the skin of
older adults.

In future work, we will confirm whether the model
for estimating the thickness and surface water content of
the stratum corneum from skin electrical impedance is
also effective for parts of the body other than the fore-
arm. It will also be necessary to confirm whether this
model is effective when medication has been applied
onto the skin surface or when the skin has developed
diseases such as senile xerosis.

5. Conclusion

In this study, we confirmed the accuracy of the PSID in
measuring the skin of older adults. Because the PSID can
quantify the thickness and surface water content of the
stratum corneum of older adults within approximately 5
s, it appears to be a practical tool for use in clinical set-
tings, potentially contributing to obtain new evidence for
diseases such as senile xerosis.
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