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A DERMATOLOGIC VIEW by Christine M. Lee and H.I. Maibach, M.D.

Bioengineering Analysis of Water Hydration*
The water content of the stratum 

corneum (SC) infl uences almost every 
biophysical property measurable at the 
skin surface. Water hydration can be 
measured using the plastic occlusion 
stress test (POST) or the water sorp-
tion-desorption test (WSDT). Like 
the WSDT, POST provides dynamic 
information on skin hydration, even on 
nonvisible skin damage (see sidebar). 
However, the POST requires a complex 
mathematical approach to analyze the 
decay curves and decay constants.1 

A simpler technique to noninvasively 
measure the in vivo kinetics of skin 
interaction with exogenous water is the 
WSDT. 

The Water 
Sorption-Desorption Test

The WSDT uses bioengineering 
instruments to measure electrical pa-
rameters that represent the skin hydra-
tion state as an electrical capacitance or 
conductance reading.2 This technique 
minimizes the subjectivity involved in 
obtaining the data, allowing for greater 
accuracy and reproducibility than visual 
scoring methods.3 

Sorption-desorption is a different 
phenomenon from transepidermal 
water loss (TEWL), although both are 
characterized by interactions between 

water and skin. Unlike the former, 
TEWL measures the movement of 
endogenous water, while the sorption-
desorption test determines skin hydra-
tion after the application of water.4 

The WSDT method involves hy-
drating the skin with water and then 
observing the subsequent dehydration 
activity by means of serial recording 
with electrical instruments. Commonly 
used tools are the corneometera, the 
skin surface hygrometerb and the 
dermaphase meterc, which measure 
capacitance, conductance and imped-
ance-based capacitance, respectively.5 

The corneometer measures ca-
pacitance in arbitrary units, the surface 
hygrometer expresses conductance in 
microsiemens (also known as micro-
mho, the reciprocal of microohm), 
while the dermaphase meter uses 
picofarads or DPM units to express im-
pedance-based capacitance (Table 1).6 
The three parameters relate directly to 
the skin surface hydration state, relying 
on an increase in the dielectric constant 
that occurs as the SC is hydrated. As the 
dielectric constant increases, impedance 
decreases while both the conductance 
and capacitance increase.7

Testing methods: The use of the 
corneometer, surface hygrometer or 
dermaphase meter in the WSDT follows 
a similar procedure (Figure 1). 

First, a baseline electrical measure-
ment is taken with the instrument 
before the skin is hydrated. This read-
ing corresponds to the prehydration 

state (PHS). Next, the skin surface 
is hydrated with distilled water for a 
defined period of time, usually less 
than 1 min. The skin then is blotted 
dry with sterile gauze, and the electri-
cal capacitance or conductance is 
recorded again, giving a peak value. 
Peak measurement represents the 
hygroscopicity or the ability of the SC 
to take up (sorb) water.8 

Table 1. Instruments for sorption-desorption test studies

Instrument Electrical parameter measured Measuring unit

Corneometer Capacitance Arbitrary unit (a.u.)
Surface hygrometer Conductance µS/µmho
Dermaphase meter Impedance-based capacitance Picofarad, DPM unit

THE PLASTIC 
OCCLUSION STRESS TEST

In POST, a plastic chamber is 
sealed fi rmly to the skin surface to in-
duce an occlusion, increasing the water 
content underneath the chamber. When 
the occlusion is removed, the excess 
water on the skin starts to evaporate, 
and is defi ned as skin surface water 
loss (SSWL). The SSWL plotted over 
time yields a decay curve that provides 
information such as the stratum 
corneum’s water-holding capacity and 
degree of hydration.1
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Sorption-desorption is 
a different phenomenon 

from transepidermal water 
loss (TEWL), although 
both are characterized 

by interactions between 
water and skin.
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Subsequent measurements are taken 
at time intervals ranging from 20 to 30 
seconds (s) for a period of 2 min, yielding 
the desorption curve as the electrical con-
ductance values rapidly fall to values lower 
than basal.3 Repeating the readings allows 
for a dynamic evaluation of water hydra-
tion, rather than a simple, steady-state 
analysis. Because the SC naturally is poor 

in water, it has the ability to sorb water 
more or less rapidly depending on the 
skin condition, after which it experiences 
a subsequent tendency toward desorption. 
The biochemical makeup of the intercel-
lular space in the SC, especially the low 
content in polar lipids and the abundance 
of neutral lipids and ceramides, may ex-
plain the barrier function exhibited by the 

SC when polar and hydrophilic substances 
are applied onto the skin.3

Dynamic parameters: Hydration ki-
netics are better described using dynamic 
parameters such as the water-holding 
capacity (WHC) or the ability of the SC 
to retain water opposing a dehydration 
process (desorption).9 This parameter is 
represented by the area under the graphed 
curve of the capacitance versus time, 
calculated using the trapezoidal method.10 
Among the many factors that infl uence 
the WHC of the SC are the following: 
the depth of the survey level carried out 
on the SC, the thickness of the SC, the 
survey area, the lipid component, and the 
presence of pathological conditions.3 

To better describe the SC hydration 
kinetics, Pellacani and Seidenari11 pro-
posed two new hydration parameters: 
the water-sorption capacity (WSC), 
equal to the peak sorption (hygro-
scopicity) minus the PHS; and the 
accumulated water decay (AWD), which 
corresponds to the percentage of water 
released from the SC throughout the 
desorption phase (Figure 2). 

The WSC and AWD can be benefi cial 
because the WHC does not suffi ciently 
assess the hydration dynamics during 
different phases of the hydration test for 
different skin conditions. For instance, 
applying urea-containing products on the 
skin increases the WHC, but applying ir-
ritants such as sodium lauryl sulfate (SLS) 
also increases it.10 The increase in the 
former case is attributed to hydrophilic 
molecules holding water coming from 
both the surface and the deeper epidermis, 
while the increase in the latter is due to 
the impairment of the cutaneous barrier, 
allowing water to penetrate more easily 
into the SC.12 The two new parameters 
would more precisely describe whether 
endogenous or exogenous factors lead to 
the increase in WHC. 

Effects of Moisturizers 
Treffel and Gabard10 investigated the 

effects of creams and lotions on skin 
hydration with the dermaphase meter to 
measure impedance-based capacitance, 
yielding values in arbitrary DPM units. 
With the cream and lotion study, an in-
crease in PHS, hygroscopicity and WHC 

Figure 1. Sorption-desorption test curve with traditional hydration parameters
PHS = prehydration state
H = hygroscopicity
WHC = water capacity
Data taken from Treffel and Gabard in Ref. 10.

Figure 2. Sorption-desorption test curve with newly proposed parameters
WSC = water-sorption capacity, which is the difference between the capacitance value 
at 60 sec and at 0 sec (prehydration state)
AWD = accumulated water decay, measured by the area above the desorption curve
WHC = water-holding capacity, calculated from the area under the sorption-desorption 
curve
Data taken from Pellacani and Seidenari in Ref. 11.
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was observed. Since both the cream and 
lotion were oil-in-water formulations, 
they caused an increase in the hydration 
parameters because they contained water. 
Moreover, the lotion contained 4% urea, 
contributing to the water-retention effect, 
which led to an increase in the WHC. 
The water-retention effect is measured 
by an increase in PHS and WHC after the 
application of urea-containing products, 
with hydrophilic molecules holding 
water coming from the surface.13

Effects of Irritants 
The WSDT also was used to deter-

mine the effects of SLS on skin hydration 
properties. Treffel and Gabard10 found 
that the WHC increased after applying 
irritants due to the impairment of the 
cutaneous barrier, allowing water to pass 
through the SC more easily. As a result, 
the WHC does not suffi ciently describe 
the dynamics of water accumulation and 
release because it does not consider the 
different testing situations.11 

The fi ndings suggest that for instances 
where either urea or SLS was used, the 
SC accepts external water quicker than if 
neither substance were applied. However, 
urea is able to enhance the SC’s water-
holding capacity, whereas SLS reduces 
it. In the application of both the mois-
turizer and irritant, it appears that the 
binding sites or binding capacity of the 
SC for water were increased, but for urea, 
additional water retained in the SC was 
released slowly, while additional water in 
SLS was not retained and released easily.10 
The long application time of SLS may 
have caused structural modifi cations to 
the lipid bilayer, inducing damage to the 
skin barrier,14 which reduces the water-
retention effect.

Testing Limitations 
The corneometer, surface hygrometer 

and dermaphase meter bioengineering 
instruments used in the studies enabled 
researchers to measure hydration 
parameters that characterize water 

movement and barrier function of the 
SC. However, each instrument has its 
limitations. The surface hygrometer 
and dermaphase meter lack sensitivity 
in skin conditions described as very 
dry, and the corneometer lacks some 
sensitivity at high levels of hydration.5

Accuracy: Since the three devices all 
use different calibration procedures, 
comparing the accuracy of the differ-
ent readings is impossible because an 
inter-instrumental standard currently 
is unavailable.5 In the meantime, intra-
individual hydration readings are used 
to obtain coeffi cient of variation (CV) 
values to estimate the repeatability of 
the hydration measurements. 

Repeatability: The surface hygrom-
eter has a high CV (20%), so only large 
variations in the hydration state can be 
reported in a signifi cant way. Small varia-
tions do not reach statistical signifi cance 
due to the high CV.5 Increasing the 
number of measurements and averaging 
the results will alleviate this problem.15 
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On the contrary, studies show that the 
dermaphase meter and corneometer have 
relatively low CVs for repeatability (5% 
and 7%, respectively). However, because 
the surface hygrometer is based on a 
high-frequency conductance (3.5 MHz),16 
the results show more prominent changes 
than those of the corneometer, which uses 
low-frequency capacitance (500 Hz). Like 
the surface hygrometer, the dermaphase 
meter uses high-frequency measurements 
(1 MHz),16 so both devices measure the 
free or slightly unbound water in the 
SC within the superficial part of the 
epidermis.15 

Table 2. Conversion between electrical measurement units

Units compared Correlation coeffi cient Conversion equation

DPM (x) / a.u. (y) r = 0.97 y = 0.156*x + 32
DPM (x) / µS (y) r = 0.96 y = 1.708*x – 205
µS (x) / a.u. (y) r = 0.89 y = 0.081*x + 52

Data taken from Clarys et al. in Ref. 5.

Reproducibility: The CV for repro-
ducibility was highest in the surface 
hygrometer, having a mean value of 
88%, indicating that the measure-
ments are highly variable depending on 
circumstances. The mean CV for the 
dermaphase meter was 20%, and the cor-
neometer CV was 14%. Lower CVs are 
considered more desirable because there 
is less variability in reproducibility.5

Correlation: Clarys et al.5 found 
high degrees of correlation among the 
different instruments: r = 0.96 between 
dermaphase meter and surface hygrom-
eter, r = 0.97 between dermaphase meter 

and corneometer, and r = 0.89 between 
corneometer and surface hygrometer. 
This fi nding shows that the different 
units are almost linearly related, so 
linear equations can be derived to ap-
proximate the conversion between the 
DPM unit, the arbitrary units and the 
microsiemens (Table 2). 

Conclusions 
The water sorption-desorption test 

is a useful tool used to measure the 
dynamic hydration of the skin and the 
stratum corneum’s water-holding prop-
erties. The measuring instruments cur-
rently available are the corneometer, the 
surface hygrometer, and the dermaphase 
meter. Although these instruments pro-
vide researchers with useful information 
regarding SC hydration dynamics, the 
lack of a standardized measuring unit 
makes it diffi cult to compare between 
studies. However, there are signifi cant 
degrees of high correlation between the 
three instruments. 
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While the conversion equations 
in Table 2 give only an estimate of 
relationship between the units, they 
demonstrate the possibility of fi nding 
a standardized unit to express the 
conductance, capacitance and imped-
ance-based capacitance. Therefore, 
a need exists for the standardization 
of the electrical units to improve the 
bioengineering assessment of water 

hydration in the superfi cial skin layer 
among different studies. 

In the interim, appropriate experi-
mental design, such as multiple treat-
ments with the subjects as their own 
control (rather than parallel groups), 
has provided valuable insights. 

Reproduction of all or part of this column is 
strictly prohibited.

Visit our Article Archives online to purchase this 
article.
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