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Water Sorption± Desorption Test and Moisture Accumulation Test
for Functional Assessment of Atopic Skin in Children
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Sorption–desorption and moisture accumulation tests are simple but also on its ability to retain water, opposing a dehydration
process (water-holding capacity) (5). The water sorption–and quick methods for the in vivo functional analysis of stratum

corneum hydration kinetics. The aim of this study was to desorption test, tested on scaly skin conditions, such as psori-
asis (5, 7, 8), eczematous dermatitis (5, 9) and other kinds ofevaluate the hydration dynamics of the uninvolved and aŒected

skin of children with atopic dermatitis and to compare them scaly dermatoses (5, 10), showed evidence of a decreased
capability of aŒected skin to bind water compared with normalwith the skin of healthy children. The study investigated 45

children. The dynamic tests were performed using the corneo- skin. The water sorption–desorption test has also been applied
to assess the eŒects of diŒerent moisturizers (6, 11–14) undermeter CM820. Numerical parameters were calculated. With the

sorption–desorption test, eczematous skin showed lower water diŒerent experimental conditions of impairment of the skin
barrier function (6, 14–18).accumulation during the sorption phase, whereas water was

released more slowly during the desorption phase. With the The moisture accumulation test, which evaluates the accu-
mulation of unbound water occurring when occlusive contactmoisture accumulation test, increases in water accumulation

velocity and in water accumulation were observed in atopic is maintained over a short period, was developed to determine
endogenous unbound water diŒusion across the SC in vivo (6)children. Dynamic tests showed that the stratum corneum of

unaŒected atopic skin was less hydrated but more easily and subsequently used to assess the SC after treatment with
irritants (6, 14) and moisturizers (14).hydratable than normal skin. Conversely, despite a lower absorp-

tion capability, eczematous skin showed a greater avidity to Skin dryness is a typical feature of atopic dermatitis (AD)
and it seems to be related to abnormalities of the horny layer,retain water. New functional parameters (water-sorption capa-

city and accumulated water decay) are proposed to describe especially of the lipid components (19). The skin of patients
with AD has been non-invasively described using instrumentsmore precisely the hydration kinetics of eczematous skin. Key

words: accumulated water decay; water-sorption capacity; which evaluate the water content (9, 20–23) and the evapora-
tion rate through the epidermis (22–25). However, no datawater-holding capacity; skin hydration; capacitance.
have been reported so far on the dynamic properties of the(Accepted February 7, 2001.)
uninvolved and eczematous skin of children aŒected by AD.
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MATERIAL AND METHODS
The stratum corneum (SC ) is composed of protein-enriched

Study subject scorneocytes embedded in a continuous lipid-enriched intercel-
lular matrix (1, 2). This compact structure not only provides Forty-� ve children, 21 girls and 24 boys, aged 4–12 years (mean ± SD,
defence against various environmental damage, but also pro- 8 ± 3 years), comprising 15 healthy subjects, 15 patients with AD
tects against water loss. SC proteins, lipids and low molecular disease who had been disease free for at least one month, and 15

patients with AD with visible eczematous lesions, were studied. Atopicweight substances (natural moisturizing factors) bind and
patients included in the study were selected according to Hani� n &retain water in the SC, maintaining the skin barrier properties.
Rajka (26). The 3 groups were homogeneou s in sex and age

The introduction of instrumental devices for evaluating distribution.
hydration and transepidermal water loss (TEWL) has enabled
objective and quantitative non-invasive evaluation of water

Instrumentcontent (3) and barrier e� ciency (4) of the SC. The single
measurement of hydration parameters is important in the The corneometer CM 820 (Courage & Khazaka, Germany), which
evaluation of a steady state of the SC, but does not give measures the electrical capacitance of the skin surface, expressed in

arbitrary units (a.u.), was used to assess the hydration values. Valuesinformation on its dynamic functions, which can only be
are displayed digitally. The probe consists of a 49 mm2 glass surface,evaluated using repeated measurements such as the water
applied on the skin under a standard load of 3.65 N , kept constant by

sorption–desorption test (5) and the moisture accumulation a spring.
test (6).

The water sorption–desorption test is a simple and quick
Test proceduremethod for in vivo functional analysis of SC hydration–

dehydration kinetics. This method provides information not Sorption–desorption test. The water sorption–desorption test was
carried out as described by Tagami et al. (5) with slight modi� cations,only on the ability of the SC to take up water (hygroscopicity),
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such as a longer water application time (1 min instead of 10 s). An RESULTS
area on the volar aspect of the left forearm, 3 cm distant from the
elbow crease, was identi� ed. Eczematous, non-scaly, forearm skin was Water sorption–desorption test
tested on aŒected AD subjects. The � rst measurement , taken before

Baseline values were: healthy subjects = 49.9 ± 6.8, unaŒectedtreatment, represented the prehydration state value (baseline measure-
ment ). D istilled water (50 l l ) was then pipetted onto the skin, left for skin of patients with AD = 41.2 ± 8.3, and aŒected skin of
1 min and wiped with a sterile gauze, and the hydration immediately patients with AD = 31.4 ± 9.0.
measured (60 s). The capacitance was subsequently measured every

Signi� cant diŒerences between healthy and unaŒected sub-30 s for up to 2 min.
jects with AD were observed only for baseline values, whereasAs a traditional parameter, the water-holding capacity (5), de� ned

as area under the curve plotted by capacitance measurements, was aŒected patients with AD had signi� cantly lower values for
calculated considering the prehydration value to be equal to 0. The each measurement.
diŒerence between the capacitance measured immediately after water Water-holding capacity values were apparently higher in
removal (60 s) and the prehydration state (baseline) was de� ned as

healthy atopic skin and lower in eczematous skin, althoughthe water-sorption capacity. Moreover , 60 s values were considered to
the diŒerences were not statistically signi� cant.be equal to 100% and values referring to other measurement times

were calculated accordingly. A curve was then constructed enabling During the sorption phase (F ig. 2), the amounts of water
the de� nition of a new parameter, the accumulated water decay, accumulated in healthy and unaŒected AD skin were equal,
corresponding to the percentage of water released from the SC

whereas eczematous skin had a lower water-sorption capacity.throughout the desorption phase (Fig. 1).
During the desorption phase (F ig. 2), water was released more
rapidly by healthy skin than by atopic skin. Moreover, the

M oisture accumulation test. The moisture accumulation test was
percentage release of accumulated water was signi� cantlyperformed as described by Van Neste (6) with slight modi� cations
lower at eczematous skin sites.(measurement s were taken every 30 s for up to 5 min instead of every

3 s for up to 45 s), on a symmetrica l area on the right forearm. After
the acquisition of the prehydration value (baseline measurement ), the

M oisture accumulation testprobe remained on the skin for 5 min to create occlusive conditions.
The hydration value was read every 30 s without removing the probe

Baseline values were: healthy subjects = 47.9 ± 7.3, unaŒectedfrom the skin.
skin of patients with AD = 42.7 ± 5.8, and aŒected skin ofBoth raw and diŒerential corneometer values were considered . The

latter were obtained by subtracting the baseline value from the raw patients with AD = 31.8 ± 9.5.
corneometer values of each subject , to exclude variations related to Signi� cant diŒerences were observed for baseline values in
diŒerences in basal skin hydration.

the 3 groups. Lesional skin had higher water accumulationWater accumulation was represented by the area under the curve
values compared with the other groups.between baseline and 300 s, considering the baseline value to be equal

to 0. The water accumulation velocity during the � rst 30 s was DiŒerential corneometer values are plotted in F ig. 3. Each
calculated from the expression: (30 s – baseline)/30 (6). diŒerential corneometer value and water accumulation velocity

were signi� cantly higher in AD lesional skin in respect of both
healthy and unaŒected AD skin. Measurement at 30 s and

Statistics water accumulation velocity had signi� cantly increased in
unaŒected subjects with AD compared with healthy subjects.Means and standard deviations were calculated . The Mann–Whitney
From 30 s up to 300 s occlusion the diŒerential corneometertest for independen t samples, as implemented in the SPSS statistical

package (release 7.0, 1995; SPSS, Chicago, IL, USA), was used to values increased progressively at a steady rate in both atopic
evaluate the diŒerences between raw and diŒerential corneometer unaŒected skin and healthy subjects.
measurements, water-holding capacity, water-sorption capacity, accu-
mulated water decay, water accumulation velocity and water accumu-
lation values referring to diŒerent groups (healthy, unaŒected subjects DISCUSSION
with AD and aŒected subjects with AD). A p-value< 0.05 was
considered statistically signi� cant. TEWL and capacitance measurements are widely used to

evaluate the properties of the SC and its variations both in
physiological and pathological conditions. The skin of atopic
subjects has been thoroughly studied, showing that not only
aŒected skin, but also apparently healthy unaŒected skin
presents lower capacitance values and higher TEWL values
(23). These data have been correlated with the reduced amount
of lipids observed in atopic skin, suggesting that a decrease in
lipids, in particular of ceramides, in the SC is involved in
barrier impairment in AD skin (19).

Imokawa & Hattori (27) showed that the chemical extrac-
tion of skin-surface lipids induced a decrease in both skin
hydration and water-holding capacity, suggesting that the
structural lipids may play a considerable role in the water-
retention properties of the SC.

Simple and quick tests such as water sorption–desorption
test and moisture accumulation test allow the dynamic descrip-
tion of skin functions. Whereas the water sorption–desorptionFig. 1. Example of the sorption–desorption test curve. Traditional
test evaluates the capability of the SC to retain water fromand new calculated parameters are highlighted. WSC: water-sorption
the environment, the moisture accumulation test focuses oncapacity; AWD: accumulated water decay; WHC: water-holding

capacity. the kinetics of endogenous water diŒusing across the SC.
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Fig. 2. Sorption–desorption test performed on
healthy skin, unaŒected atopic dermatitis skin and
eczematous skin. The curves were plotted with the
60 s value equal to 100% and values referring to
other measurement times were calculated
accordingly. WSC: water-sorption capacity; AWD:
accumulated water decay; WHC: water-holding
capacity. *Statistically signi� cant diŒerences
(p< 0.05) compared with healthy skin.

increase in water accumulation and water accumulation
velocity was correlated with the parallel increase in TEWL
(28, 29). Therefore, the dynamics of water accumulation and
release in diŒerent spontaneous and experimental skin condi-
tions is not su� ciently described by water-holding capacity
(the ‘‘traditional’’ parameter which represents a ‘‘global’’
measurement of water uptake and release) and does not take
into account the diŒerent phases of the test characterizing
diŒerent skin situations.

In the present study, baseline capacitance values were signi-
� cantly lower in subjects with AD than in healthy subjects,
con� rming previous data (19, 23). The water-holding capacity,
as calculated according to F ig. 1, was lower for eczematous
skin, which behaves like healthy skin subjected to delipidiz-
ation by organic solvents (27).

After the application of water, the relative increase in
capacitance values was similar in healthy subjects and in

Fig. 3. Moisture accumulation test. D iŒerential corneometer values as patients with AD at unaŒected skin sites. In contrast, the
measured on healthy skin, unaŒected atopic dermatitis skin and

amount of water absorbed by eczematous skin was lower. The
eczematous skin. WA: water accumulation; WAV: water accumulation

second part of the sorption–desorption curve shows that thevelocity; A.U.: arbitrary units. *Statistically signi� cant diŒerences
behaviour of unaŒected AD skin and that of healthy subjects( p< 0.05) compared with healthy skin.
is the same, with the former showing only slightly higher, but
non-signi� cant, diŒerential corneometer values compared withIn scaly skin conditions a good correlation between the
the latter. Conversely, a greater avidity of eczematous skin isscaling process and the decreased water-holding capacity was
indicated by a lower accumulated water decay. Therefore,shown, and clinical improvement in the pathological condition
surprisingly, the lower water-holding capacity of eczematousafter treatment was linked to increased water retention (5).
skin does not seem to be due to a reduced ability to retainMoreover, the water-retention eŒect, measured by the increase
water (in fact, less water is released, as demonstrated by thein the prehydration state, water-holding capacity, water accu-
descending part of the graph in F ig. 2), but is probably duemulation and water accumulation velocity, after application
to a decreased absorption capability, as shown by the ascendingof urea-containing products on normal skin, was also observed,
part of the graph.indicating that hydrophilic molecules hold water coming both

With the moisture accumulation test, increases in waterfrom the surface and from the deeper epidermis (14). However,
accumulation velocity and water accumulation were observablethe same eŒects on water-holding capacity, water accumulation
in children with AD. This could be related to increased waterand water accumulation velocity were observed by the applica-
� ux from the deep epidermis through the SC, due to thetion of irritants, such as sodium lauryl sulphate. In the latter
impairment of skin barrier. When the moisture accumulationcase, the increase in water-holding capacity was attributed to
test was performed on eczematous skin, an increase in waterthe impairment of the cutaneous barrier, which allowed the

water to penetrate more easily into the SC (14), and the accumulation velocity and water accumulation values was
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on the hydration state of the epidermis. Clin Exp Dermatol 1990;noticed compared with both unaŒected and healthy skin. In
15: 206–209.accordance with these results, Van Neste demonstrated a direct

12. Sindhvananda J, Gritiyarangsan P, Rungrairatanaroij P,correlation between water accumulation velocity and water
Kullavanijaya P. Hygroscopicit y and water-holding capacity ofaccumulation values and TEWL values in subjects with AD,
moisturizing agents: a single-application in vivo study. J Soc

by performing the moisture accumulation test with diŒerent
Cosmet Chem 1993; 44: 279–288.

concentrations of sodium lauryl sulphate (6). 13. Martinsen OG, Grimnes S, Karlsen J. Electrical methods for skin
In conclusion, whereas the single measurement of hydration moisture assessment . Skin Pharmacol 1995; 8: 237–245.

is important in order to de� ne a steady state of the SC, the 14. TreŒel P, Gabard B. Stratum corneum dynamic function measure-
water sorption–desorption test and moisture accumulation test ments after moisturizer or irritant application. Arch Dermatol

Res 1995; 287: 474–479.enable its dynamic properties to be assessed. Dynamic tests
15. Miyauchi H , Horio T, Asada Y. The eŒect of ultraviolet radiationon unaŒected children with AD showed that the SC is less

on the water-reservoir functions of the stratum corneum.hydrated, but more easily hydratable with water coming either
Photodermatol Photoimmunol Photomed 1993; 9: 193–197.from the skin surface (water sorption–desorption test ) or from

16. Okah FA, Wickett R , Pompa K, Hoath SB. Human newbornthe deeper epidermis (moisture accumulation test). Moreover,
skin: the eŒect of isopropanol on skin surface hydrophob icity.the hydration dynamics of the skin of unaŒected subjects with
Pediatr Res 1994; 35: 443–446.

AD can be compared with the results of TreŒel & Gabard 17. Graves CJ, Edward C, Marks R . The eŒects of protective occlusive
(14), who investigated subclinical irritation induced by sodium gloves on stratum corneum barrier properties. Contact Dermatitis
lauryl sulphate at a low concentration. Speci� c alterations in 1995; 33: 183–187.
the SC of patients with AD could therefore lead to a subclinical 18. Brazzelli V, D istante F , Peroni G , Berardesca E. EŒects of

systemic treatment with statins on skin barrier function andstate of irritation, which renders environmental factors more
stratum corneum water-holding capacity. Dermatology 1996;eŒective in inducing damage in atopic than in normal skin,
192: 214–216.thus causing the phenotypic expression of eczema.
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