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Synopsis 

Tue epidennal water content is one of the most fundamental indicators for cutaneous functional evaluation. 
The major raie of water in the sk.in physiological and pathophysiological processes is actually well known 
and recognised and for it, the reinforcement or re-establishment of these properties, through a wide variety 
of topica! formulations, including cosmetics, is a frequent objective of therapeutical intervention. 
Among the many different technologies developed by the cutaneous bioengineering to assess the water
related variables, the so called electrometric methods are clearly the most frequently used, no matter 
the criticism and practical limitations brought to light by the continuos experience accumulated on these 
methods aver the years. Particularly relevant has been the practical impossibility to ensure a previous 
calibration of the systems which impairs the establishment of direct relationships between the numerica! 
data provided by those systems, usually expressed by arbitrary units, and the respective physiological 
equivalents. Moreover this impossibility also affects the operative reproducibility conditions specially 
when discrete alteration on epidennal hydration occurs. From one of the most frequently used and studied 
systems based on the detection of the capacitance changes on skin surface, a new system was recently 
presented. Although based on the same biophysical principles, this new system is referred as an advanced 
version of the originai device. This perspective motivated the present study which included a detailed 
analysis on the experimental behaviour of both systems in the in vivo evaluation of regional differences, 
the effect of room temperature changes, and the epidennal water dynamical changes occurring after specific 
intervention on nonna! sk.in's physiological state. A clear relationship between the numerica! data resulting 
from both systems was found but, from a practical operative stand, the new one showed better reproducibility 
and sensitivity conditions, when compared, within the same experimental methodologies, to the previous 
version of the same system. 
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Riassunto 

Il contenuto in acqua dell'epidennide è uno degli indici fondamentali per la valutazione della funzionalità 
cutanea. Il ruolo fondamentale dell'acqua nei processi fisiologici e patofisiologici è attualmente ben 
nota e riconosciuta, e il rafforzamento o ricostituzione di queste proprietà, attraverso un 'ampia gamma 
d i preparati topici, inclusi i cosmetici, è un frequente obiettivo degli interventi terapeutic i. 
Tra le varie diverse tecnologie sviluppate dalla bioingegneria cutanea per valutare le variabil i relative 
a ll 'acqua, i cosiddetti metodi elettrometrici, sono chiaramente quelli più frequentemente usati, malgrado 
le critiche e limiti pratici portati alla luce dalle continue prove accumulatesi su questi metodi negli anni. 
In particolare è stata ri levante l'impossibilità pratica di assicurare una previa calibratura dei sistemi che 
danneggia la possibilità di stabilire relazioni dirette tra i dati numerici fomiti da questi sistemi, generalmente 
espressi da unità arbitrarie, e i rispettivi equivalenti fisiologici. Inoltre questa impossibilità interessa anche 
le condizioni di riproducibilità operativa specialmente nei casi in cui si verificano una discreta alterazione 
o idratazione epidermica. 
Da uno dei sistemi più frequentemente usati e studiati basati sulla rilevazione dei cambiamenti di capacità 
sulla superficie della pelle, è stato presentato recentemente un nuovo sistema. Sebbene sia basato sugli 
stessi principi biofisic i, questo nuovo sistema viene definito come una versione avanzata dello strumento 
originario. Questa prospettiva ha mosso il presente studio che include una analisi dettagliata sul comportamento 
sperimentale di entrambi i sistemi nella valutazione in vivo delle differenze regionali, gli effetti dei cambiamenti 
di temperatura ambiente, e i cambiamenti dinamici nell'acqua epidermica intervenuti dopo interventi 
specifici sul normale stato fisiologico della pelle. E' stato riscontrato un chiaro rapporto tra i dati numerici 
risultanti da entrambi i sistemi ma, da un punto di vista operativo, il nuovo sistema ha mostrato condizioni 
di migliore riproducibilità e sensibilità se paragonato, nell'ambito delle stesse metodologie sperimentali, 
con la precedente versione dello stesso sistema. 
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INTRODUCTION 

Tue quantitative eva1uation of cutaneous hydration 
is definitely one of the most important objectives 
for the functional characterisation of human skin. 
Epidermal water balance is a fondamenta! feature 
of many different sk:in properties, influencing arnongst 
others, the epidermal "barrier" function, skin's bio
mechanical behaviour and, the skin profile (1-3,6-
9), and these may explain the extraordinary interest 
dedicated, specially over the last 10 to 15 years to 
the study of several forms of impact of extemal inter
vention (mostly pharmacological and cosmetological) 
on those variables (11-13). Bioengineering provided 
fundarnental contributions to the knowledge advan
cement on these areas, producing severa! techno
logical systems to quantitatively assess cutaneous 
water content which were progressively applied not 
only to the clinica I study of human skin but a lso 
to the cosmetological R&D. No matter the enormous 
variety of the existing systems, depending on different 
biophysical principles, those based on the detection 
of skin's electrical properties (electrometric methods) 
were rapidly adopted, probably a direct consequence 
of be ing very " user friendly" tools, also providing 
low analysis costs. These a lso contributed to look 
deeper to the many complex and unsolved questions 
arising from the human skin hydration analysis since 
this variable does depend from many different factors 
which affects the individua! and the hydration state 
of the skin. Endogenous (intrinsic water balance, 
psychosomatic, anatomica! region, age) and exo
genous factors (season, room temperature and humi
dity) are well known and recognised limiting factors 
(1-3,6-9, 13) . But the differenttechnological systems 
chosen also introduce new criticai conditionants. 
In fact, most of these systems use rigid electrodes 
which ensure value readings after contact with the 
skin surface. This procedure may preclude the pres
sure effect or even the effect of other elements (e.g. 
body hair) which remains between skin's surface 
and the probe's surface, being also influenced by 
the intra-individual variation of skin relief (3,8,15). 
Additionally these systems use distinct electrical 
frequencies determining the generation of di.fferent 

electrical fields between the electrodes. Distinct fre
quencies means different levels of measurement from 
surface to the deepest cutaneous layers which contain 
different water compositions, affecting the inter
pretation of results which cannot be objectively 
performed without a previous calibration of the 
systems. Most of these systems evaluate skin's hydra
tion state by the assessment of the impedance or 
conductance changes, through which resistance, reac
tance or capacitance can be calculated (1-3,5). Howe
ver, these physical variables, when obtained from 
an in vivo model, are difficult to relate wi th the 
respective physiological equivalents, which explains 
why those values are normally expressed by arbitrary 
units instead of µF (capacitance) or µS (conductance). 
These considerations are particularly important for 
the so called cutaneous capacitance a frequency
dependent variable unlike " true" electrical capa
citance. Cutaneous capacitance is often referred as 
"capacitance" and, when used, specific operative 
conditions adopted should be referred. (3). Neverthe
less, independently from this aspects, severa! elec
trometric methods were made comrnercially available. 
The most expressive examples are found with the 
Nova DMP900, an impedance method based on the 
phase angle measurement (2,5) which use frequencies 
up to lMHz allowing to assess skin water content 
at the most superficial layers; the Skicon 200 ( 1, 14) 
which uses high frequencies (3.5 MHz) also allowing 
to assess skin water content at tl1e most superfic ial 
layers; and the Comeometer CM820 (2, 4), a capa
citance method using lower operating frequenc ies 
(40-75 kHz) which means that measurements wi ll 
probably involve deeper epidermal structures, when 
compared with the previous systems. Reasonable 
doubts still remain regarding the measurement dee
pness performed witl1 this system (estimated between 
60 a 100µ ) but stili, this is undoubtedly the most 
frequently referenced system used in ilie field, spe
cially when the quantitative description of epiderrnal 
hydration is involved. 
Tue recent evolution to a newly presented system, 
the Comeometer CM825, was reported as a tech
nological advancement facing the previous model 
and, the potential advantages implied motivated the 
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present work which, through different experimental 
methodologies involving epidennal water quantitative 
description, airned to approach the reproducibility 
and sensitivity conditions tested for both systems. 

MATERIAL ANO METHODS 

The present study was developed using human 
healthy volunteers (n=7), female, aged from 18 to 
26 (mean: 23) years old, exhibiting a normai cuta
neous condition, without previous history of any 
particular cutaneous reactivity. Ali volunteers were 
chosen following previously defined inclusion criteria, 
giving informed written consent. 
Ali measurements were perfonned in a closed room 
with contro li ed temperature (2 1±1 °C) and relative 
humidity (60-70%), except for the methodolog ies 
where the environmental temperature change itself 
was an experirnental paramete r. 
In any case volunteers were Jeft in the room for 30 
min prior to any measurement in order to ensure 
full adaptation to room's conditions. 
During this period the probes from the measurement 
systems were applied to volw1teers in order to ensw-e 
sensors adaptation to skin's surface conditions. 
This was particularly important for the TEWL mea
surement. 
The biologica! variables considered to represent 
the dynamical phenomena involving cutaneous 
water at skin's surface were the Trans-epidermal 
water Joss (TEWL) measured through the evapo
rimetry system Tewameter TM210(fM2 15 (CK 
electronics, Germany) and the epidermal "capa
citance" changes assessed through the systems Cor
neomete r CM820 and Corneometer CM825 (CK 
electronics, Germany). 
Measurements were performed on the volar aspect 
of both forearms, using a closed chamber as recom
mended from reference guidelines published before 
(9) to avoid exogenous influencing factors. 
Volunteers, anatomica! sites and measurement sequen
ces were previously randomised through the Latin
square. Experimental methodologies were designed 
as follows: 
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Phase I. 
Evaluafion of fhe measuremenf 
variabilify in disfincf anatomica/ 
regions af differenf room 
femperafures. 

Measurement areas and sites were previously marked 
on skin surface in order to establish the different 
values for epidennal "capacitance" and TEWL cor
responding to the different anatomica! regions asses
sed. At each regi on two contiguous sites (2cm apart) 
were selected, each corresponding to an area of 
approxirnately 2 cm2 • One of the sites was used to 
measure epidermal "capacitance" while the other 
was used to obtain TEWL readings. In this conditions 
measurements were perfonned in the following ana
tomica! regions : 
• right forearm (ventral and dorsal) . Measuring 

sites were marked along a central (longitudinal) 
line designed between the wrist and elbow joints; 

• right Jeg ( ventral and dorsal). Centrai, at I Ocm from 
the knee joint; 

• right hand (dorsal and palmar). At a central point 
considering the hand width and at 4 cm (distai) 
from the wrist joint; 

• face, at the : 
front : centra i 
periorbicular: right and leftjust below the cheek. 
chin : centra] . 

Ali anatomical regions were evaluated under different 
room temperatures. The laboratory selected tem
peratures were 16, 21 e 24°C, keeping the same refe
renced relative humidity .. 

Phase Il. 
Dynamical evaluafions. 

These studies were designed to evaluate the behaviour 
of the two epidennal "capacitance" systems under 
specifically induced dynarnical changes on the epi
dermal water balance. The chosen methodologies 
included: 
A) POST test - basai TEWL and "capacitance" mea

surements were obtained, for reference, at pre
viously marked sites on the forearm. 
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The individuals were then submitted to a 6H 
occlusion patch test (POST - Plastic Occlusive 
Stress Test) using proper materiai (silicone+ har
dener mixture from Hoescht, Germany), 
The POST - test is a most interesting approach 
to the characterisation of cutaneous water dyna
mics (10- 12), allowing a detailed decay analysis 
for each curve drawn from patch removal to full 
variables stabilisation. 
Curve profiles vary as a direct function of time, 
mostly depending from the intrins ic charac
teristics of each individuai, and also from the 
sensitivity of the system used to detect these 
changes (10-1 2). 

B) Mathematical modelling analysis using a Gly
cerol reference solution - basai 1EWL and "capa
citance" measurements were obtained, for refe
rence, at previously marked sites on the opposite 
forearm. Volunteers were then submitted to con
tact with an acetone + sulphuric ether ( 1: 1) solu
ti on for 30 min. 
This procedure is often used to induce full deli
pidation and dryness of epidermal surface with 
no sensitising effect (6,11). One hour later dif
ferent glycerol aqueous diluted solutions (I%, 
5%, 10%) were applied at the previously treated 
s ites. Epidermal "capacitance" c hanges were 
evaluated each 5 minutes for 60 minutes. 
These data were analysed through the application 
of a compartmental mathematical model deve
loped by the authors and already presented and 
discussed (10,11) allowing to identify, from those 
variables, any dynamical change occurring over 
time, even if discrete. 

Ali values regarding epidermal "capacitance" no 
matter the system used, corresponded to mean values 
of 5 different measurements performed at the same 
site, while TEWL values, corresponded to 1 min 
means after full stabilisation. 

Descriptive statistics, ANOVA and paired t-student 
test were applied to data obtained from each metho
dological phase. A confidence interval of 95% was 
adopted. Tue Pearson 's correlati on coefficient was 
also used for the variables correlation analysis. 

RESULTS ANO DISCUSSION 

The corneometry system is c learly recognised as 
the most frequently referenced technological system 
used to non invasively assess the cutaneous hydration 
state. Tue good reproducibility experimentally repor
ted added to a fast and easy operation and low cost 
of analysis are irnportant factors which justifies its 
popularity in the field. In spite of the irnportant reser
ves which are know and s tili persist regarding the 
true meaning of the numerica! data obtained from 
this system (as from the e lectrometric systems in 
generai) since its difficult to conceptualise the respec
tive physical or physiological correspondences, the 
fact is that a significant amount of knowledge on 
human skin physiology and pathophysiology finds 
its orig inata great deal of stucties conducted over 
tl1e years with the Comeometer system. Described 
as a capacitance method (4) the Comeometer CM820 
uses low varying frequencies (40 to 75 kHz) around 
lOµA , allowing to detect, in about 20ms (once the 
system's probe is put in contact with the epidermal 
surface) skin's dielectric constant changes. Tue probe 
is applied on skin surface covering an area of 49mm2 

approximately, establishing contact at a constant 
pressure (3.5N) from which an estirnation of surface 
water expressed in arbitrary units (AU) is given. 
Apparently this system is more affected by the water 
content of deeper layers when compared to the Skicon 
which seems to be more sensitive to higher hydration 
levels than the Comeometer. This, in tum, seems 
to be particularly suitable to assess dry skin (1 ,2,14). 
A close relationship between the Comeometer and 
the Nova DMP is also reported but the Comeometer 
seems to give consistently highe r values (2,3). 
Tue new Comeometer CM825 allegedly presents, 
according with the manufacturer, an irnproved elec
trical system isolation whic h allows to eliminate 
parasite c urrents, reducing the influence over the 
measurement of known interfering factors (at skin's 
surface) such as salts and ions. lt also operates at 
low variable frequencies (up to I MHz) and allows 
a previous calibration which contributes to minirnise 
the measurement incertitude related with the current 
dispersion at the different epidermal layers. A recently 
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published paper (1) on the in v itro calibration of 
the CM825 system, compared to the Sk.icon 200 
(conductance), showed that the CM825 detection 
deepness is lower than the previous CM820. The 
detected values seem to range 20-40 µm and in vitro 
maximal "capacitance" does not exceed 120 arbitrary 
units (UA). That study also suggested that those 
values were relatively independent from the chemical 
composition (15% NaCI sol.) ofthe saturated cel
lulose fi.lter used for the calibration procedure, from 
its thickness and ionie or non-ionie characteristics 
of the used saturated solutions. 
Experimental data from this new technological asses
sment tool, in particular from in vivo approaches, 
is clearly insufficient due to its recent development. 
For this reason the first experimental phase of the 
present study was dedicated to reproduce the ana
tomica! regional differences which are al.ready known 
and described in terms of TEWL and "capacitance" 
(1,3) submitting al.I the volunteers to different room 
temperatures. The obtained results are presented 
in Table 1 and Figure I. As shown, both "capaci
tance" systems are able to detect the expected varia
bilities characterising each anatomica! region. Howe
ver the CM825 system seems to operate at a lower 
value scale, independently from the room tempe
rature. Apparent.ly there's also a good relationship 
between the values obtained from both "capacitance" 
systems since the observed differences for almost 
ali the anatomica.I regions are not significant, no 
matter the room temperature considered (Table II). 
The exception (leg's anterior aspect and palmar 
region) may rather be explained by inter-variability 
factors considering the relatively reduced number 
of volunteers inc luded in this assessment. 
Tue frequency distribution histogram (Figure 2) see
med to corroborate these observations suggesting 
that the moda! distribution at 16 e 24°C was identica! 
for both systems, although a higher dispersion of 
results was found for the CM820 system, while at 
2 1°C (normai room operating temperature) the 
CM825 value classes appeared earlier and were more 
evenly distributed. 
Assuming that this non uniform value dispersion 
could be related with the systems variability which 
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would presumably be affected by the operating room 
temperature condition, each standard deviation (sd) 
was normalised according the expression: 

(sd I mean "capacitance") x 100 

and compared with the respective "capacitance" abso
lute values obtained from the two systems at different 
room temperatures (Table III, Figure 3). 
As shown, normalised standard deviation (sci,,) disper
si on along the capacitance scale values was more 
pronounced for the system CM820 at any of the 
tested room temperatures (Table ill and Figure 3). 
On the other hand, values obtained from the system 
CM825, clearly at a lower "capacitance" interval, 
presented a broader sd0 amplitude variation, which 
may reflect a higher sensitiv ity for this system 
expressed through a higher capacity in detecting 
more intermediate numerica! values within the same 
capacitance interval, independent.ly from the room 
temperature considered. 
This last aspect was further investigated trough the 
corre lation analysis established for both systems 
within the different hydration levels detected, inde
pendently from the anatomica! site regarding the 
room operating temperature. This study was a lso 
important to establish the experimental variation 
coefficient experimented for both systems (Table 
IV). This analysis al.lowed to demonstrate the exi
stence of a high correlation for the values obtained 
from both systems (0,83 at 21°C) even at the extreme 
room temperature operating conditions (0,87 at 16°C 
and 0,80 at 24°C), strikingly consistent fora.li the 
hydration range detected specially at 21and24°C 
(Figure 4). System 's reproducibility calculated throu
gh the variation coefficient (Table IV) also showed 
to be very similar for both systems. It was found 
that at 24°C, CM825 variability was lower and thus, 
less sensitive to extreme values of hydration (0,9 
to 8,1%) compared with CM820 (2,4 to 10,2%) 
which may in fact be attributed to the reported impro
vement regarding the influence of exogenous influen
cing factors (as saline components) at skin's surface. 
Dynarnical evaluations (Phase Il) were also included 
in the present experimental protocol in order to obtain 
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Table I 

Temperature : CM820 CM825 

Forearm (oC) (AU) (AU) 

Ventral 16 72,9 (10,5) 46,4 (10,7) 
21 67,4 (8,4) 42,8 (8,7) 
24 77,7 (14,6) 49,2 (15,5) 

Dorsa/ 16 66,3 (14,1) 38,5(9,J) 
21 58,9 (12,4) 34, l (7,3) 
24 70,6 (10,5) 43,6 (14,4) 

Leg 

Anterior 16 62,4 (10,2) 4 1,4 ( 10,5) 
21 65,4 (13,6) 38,1 (5,7) 
24 75,3 (14,4) 45,9 (1 6,2) 

Posterior 16 73, l (15,2) 46,7 (7,2) 
21 74,3 (15,5) 42,8 (9,2) 
24 84,0 (14,6) 48,3 (12,2) 

---
Rand 

Dorso/ 16 74,2 (30,1) 45,3 (20,4) 
21 64,0 (12,0) 33,8 (6,6) 
24 68,0 (23,1) 35,6 (9,1 ) 

Palm 16 74,7 (18,3) 46,5 (10,4) 
21 66,7 (17, 1) 39,4 (8,7) 
24 82,4 (11,3) 56,4 (12,5) 

Face 

Periorbicular (righi) 16 89,7 (10,4) 65,4 (15,2) 
21 90,4 (14,0) 66,l (14,9) 
24 93,4(11 ,3) 67, l (12,1) 

(left) 16 90,6 (10,3) 65,2 (15,3) 
21 92,7 (9,7) 64,6 (12,0) 
24 96,5 (10,0) 72,0 (8,5) 

(Front) 16 86,2 (12,3) 65,0 (9,7) 
21 87,2 (13,3) 62, I (10,7) 
24 92,4 (14,1) 67,3 (18,5) 

Chin 16 95,5 (12,8) 65,3 (11,6) 
21 83,5 (23,6) 56,3 (20,4) 
24 96,3 (9,3) 74,7 (20,9) 

Table /. Cutaneous hydration readings obtained in different anatomica/ regions, at different room temperatures, from two 
"capacitance" measuring systems (CM820 and CM825) Values shown correspond to Mean ±standard deviation. 
Mean (SO) standard deviation 
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16°C 
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Flg. 1. Schematic drawn of the cutaneous hydration volues obtained in different anatomico/ regions at different room 
temperotures (A. 16°C; B. 21°C; C. 24°C). Colour bors correspond to the two ·copocitance· systems used to quanti
totive/y describe epidermal water content. 
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Table II 

CM820 

16° - 21°c 16° - 24°c 21° - 24°c 
Forearm 

Ventral 72,8 (10,5) - 67,4 (8,38) 72,8 (l 0,5) - 77,6 (14,6) 67,4 (8,3) - 77,6 (14,6) 
n.s n.s n.s 

Dorsal 66,3 (l 4,0) - 58,9 (l 2,4) 66,3 (14,0) - 70,6 (10,4) 58,9 (l 2,4) - 70,6 (I 0,4)* 
n.s n.s 

Leg 
Anterior 62,4 (I 0,2) - 65,4 ( 13,9) 62,4 (10,2) - 75,2 (14,4)* 65,4 (13,9) - 75,2 (14,4)* 

n.s 
Posrerior 73,1 (15,2)- 74,3 (15,5) 73 ,I (15,2) - 84,0 (14,6) 74,3 (15,5) - 84,0 (14,6) 

n.s n.s n.s 
Hand 
Palm 74,2 (30,1)-66,7 (17,1) 74,2 (30, I) - 82,4 (11,2) 66,7(17,1) - 82,4(11,2) 

n.s n.s n.s 
Dorsal 74, 7 (l 8,3) - 64,0 (12,0) 74,7 (18,3) - 68,0 (23,1) 64,0 (12,0) - 68,0 (23, I) 

n.s n.s n.s 
Periorbicular 

Righi 89,7 (10,4) - 90,4 (14,0) 89,7 (10,4)- 93,4 (11,3) 90,4 (14,0) - 93,4 (11,3) 
n.s n.s n.s 

Left 90,6 (10,3) - 92,7 (9,72) 90,6 (10,3) - 96,5 (10,0) 92,7 (9,72) - 96,5 (l 0,0) 
n.s n.s n.s 

Chin 95,5 (12,8) - 83,5 (23,6) 95,5 (12,8) - 96,3 (9,27) 83,5 (23,6) - 96,3 (9,27) 
n.s n.s n.s 

Front 86,3 (12,3) - 87,2 (13,3) 86,3 ( 12,3) - 92,4 (14, I) 87,2 (13,3) - 92,4 (14,1) 
n.s n.s n.s 

CM825 

16° - 21°c 16° - 24°c 21° - 24°C 
Forearm 

Ventral 46,4 ( 10,7) - 42,8 (8,68) 46,4 (10,7) - 49,2 (15,5) 42,8 (8,68) - 49,2 (l 5,5) 
n.s n.s n.s 

Dorso/ 38,5 (9,08) - 34,1 (7,31) 38,5 (9,08) - 43,6 (14,4) 34, 1 (7,3 1) - 43,6 (14,4) 
n.s n.s n.s 

Leg 
Anterior 41,4 (10,5)- 38,1 (5,72) 41,4 (I 0,5) - 45,9 (16,2) 38,1 (5,72) - 45,9 (16,2) 

n.s n.s n.s 
Posterior 46,7 (7,18) - 42,8 (9,17) 46,7 (7,18) - 48,3 (12,2) 42,8 (9,17) - 48,3 (12,2)* 

n.s n.s 
Hand 
Palm 45,3 (20,4) - 33,8 (6,64) 45,3 (20,4) - 56,4 (12,5) 33,8 (6,64) - 56,4 (12,5)* 

n.s n.s 
Dorso/ 46,5 (I 0,4) - 39,4 (8,69) 46,5 (10,4) - 35,6 (9,13) 39,4 (8,69) - 35,6 (9,13) 

n.s n.s n.s 
Periorbicular 

Right 65,4 (15,2)-66,1 (14,9) 65,4 (15,2) - 67, I (12,I) 66, I (14,9) - 67, I (12, I) 
n.s n.s n.s 

Left 65,2 (15,3) - 64,6 (12,0) 65,2 (15,3) - 72,0 (8,54) 64,6 (12,0) - 72,0 (8,54) 
n.s n.s n.s 

Chin 65,3 (l 1,6) - 56,3 (20,4) 65,3 (l 1,6) - 74, 7 (20,9) 56,3 (20,4) - 74,7 (20,9) 
n.s n.s n.s 

Front 65,0 (9,66) - 62,1 (10,7) 65,0 (9,66) - 67,3 (18,5) 62, I (I O, 7) - 67,3 (l 8,5) 
n.s n.s n.s 

Table Il. Summorised descriptive stotistics regarding results comparison ofthe epidermal "capacitance· values obtai
ned with the two eva/uation systems (CM820 and CM825) in different anatomica/ regions, at different room tempera
tures (see text and Table I). Mean ± (SD) standard deviation: n.s. non significant: • p< 0.05 
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CM820; 8. Corneometer CM825). 

maximum descriptive information on the epidermal 
hydration state changes occurring following specific 
extem al inputs. The characteristic "capacitance" 
curves describing the processes (see ahead) were 
obtained through the "capacitance" systems CM820 
and CM825 and compared under this frame. 
The POST (Plastic Occlusive Stress Test) metho-
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dology is particularly useful to look deeper to the 
dynamical aspects which rule cutaneous water 
exchange. By an occlusion patch it is possible to 
over-stimulate water exchange movements to and 
through the skin, allowing to obtain, after patch remo
val, different curve profiles which depend not only 
from the intrinsic characteristics of the individuai 
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Table III 

l6°C 21°C 24°C 

CM820 VS CM825 I CM820 VS CM825 CM820 VS CM825 
-- - - - -

Forearm 
Ve/1/ra/ 4,70 - 5,87 4,50- 5, 11 5,14 - 5,5 1 

Dorsal 5,32 - 5,62 5,55 - 6,25 5,87 - 8,16* 

Leg 
Anterior 4,40- 4,5 1 5, 11 - 6, 16 5,30 - 5,67 

Posterior I 5,70 - 9,85 8,02- 11 ,4 5,84- 9,02 

Hand 
Pa/111 7,40 - 9,84* I 7,02 - 11 ,6* 6,60 - 9,02 

Dorsal 7,62 - 12,0* 8,08 - 8,94 9,52 - 10,9 

Periorbicular 
Right 8,8 1 - 10,0 6,78 - 8,93 7,30- 11,8* 

Left 5,44- 11,8 5,03 - 10,4* 5, 18 - 8,75 

Face 
Chin 4,11 - 8, 16* 12,6-1 1,4 5,79 - 7,77 

Front 6, 13 - 5,50 6,70- 9,48 6,08 - 7,03 

Table lii. Normalised standard deviotion stotistics. Volues correspond to doto obtoined from both evo/uotion systems 
ot different room temperotures (see text ond Figure 3). • p< 0.05 

itself, specially conceming epidennal functional state, 
but also from the technological systems used to assess 
those variables ( l 0-12) . Tue POST test is conducted 
using the TEWL and "capac itance" post-occlusion 
curve profiles as the sole indicators of the water dyna
m ical movements occurring at skin's surface. As 
shown in Figure 5 where the profiles resulting from 
the present experimental methodology are detailed, 
the post-occlusive process is primarily characterised 
by a fast increase of both TEWL and "capacitance" 
variables, imrnediately after the patch removal, being 
followed by a slow decrease toward nonna! values. 
These events primarily depend on the progressive 
embedding capacity of the epidermis facing the non
evaporated trans-cutaneous water which is being 
released to the environment, but also from the epi
derrnal water reta ining capacity which deterrnines 
the following decay velocities for both variables. 
Then, through this "stress test" it is possible to esta-

blish direct re lationships between the different water 
masses detected on skin 's surface over time. 
Figure 5B. clearly shows that the post-occlusive pro
fùes of epiderrnal "capacitance" obtained from the 
two systems CM820 and CM825 are equivalent kee
ping, in spite of the different numerica! values detec
ted, a close relationship during the all experiment 
(Table V) . Similar correlation for the TEWL and 
"capaci~nce" values could not be demonstrated. 
Nevertheless, the "capacitance" system's reprodu
cibility was also assessed by the calculated variance 
coefficients (Table VI) which confirmed to be similar, 
almost linear, for both systems, under the present 
experimental conditions (Figure 6). 
Finally, the sensitivity analysis for both systems was 
assessed following the application of a mathematical 
(compartrnental) system analysis previously deve
loped and tested ( l O, 11) which allowed to describe 
the kinetical aspects of water exchange under specific 
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Table IV 

A. Temperature: 16°C 

eM820 ve eM82S ve 
Hydration (AU) (%) (AU) (%) 

low 47.70 ± 2.39 5,00 27.60 ±4.03 1,18 
57.89 ± 1.46 2,52 35.02 ± 2.58 7,36 
62.75 ±2.70 4,30 44.61 ± 3.48 7,79 
75.20 ± 3.42 4,54 55.13 ± 2.57 4,66 
84.41±2.31 2,74 63.51 ±2.13 3,35 

93.33 ± 2.88 3,09 75.20 ± 3.91 5,20 
105.5 ± 3.52 3,52 81.10±0.14 0,17 

high 113.9 ± 3.79 3,79 92.50 ± 1.27 1,38 

B. Temperature: 21°C 

eM820 ve eM82S ve 
Hydration (AU) (%) (AU) (%) 

low 34,00 ± 2,19 6,40 16.60 ± 1,47 8,86 
46.40 ± 2.75 5,92 27.20 ± 1.86 6,83 
54.58 ± 2.14 3,92 36.13±2.81 7,78 
65.03 ± 3.14 4,83 44.05 ±2.91 6,61 
75.04 ± 3.30 4,40 55.40 ± 3.20 5,78 

84.76 ± 2.65 3,13 65.12±2.78 4,27 
94.26 ± 3.25 3,45 73.07 ± 2.19 3,00 

high 104.0±2.78 2,67 84.13 ± 2.40 2,86 

C. Temperature: 24°C 

eM820 ve eM82S ve 
Hydration (AU) (%) (AU) (%) 

/ow 47.70 ± 2.39 10,10 27.55 ± 2.23 8,09 
57.89 ± 1.46 5,14 33.34 ± 3.26 9,78 

62.75 ± 2.70 3,27 44.56 ± 2.81 6,32 
75.20 ± 3.42 4,45 55.00 ± 3.12 5,68 
84.41±2.31 3,28 64.33 ± 2.31 3,59 
93.33 ± 2.88 3,11 74.97 ± 3.57 4,76 

high 105.5 ± 3.52 2,42 82.33 ± 0.70 0,85 

Table IV. In vivo hydration va/ues expressed in capacitance AU (mean value ± standard deviation) corresponding to 
different /evels of epidermal hydration. Data was obtained from ali vo/unteers in different anatomica/ sites at distinct 
room temperatures (A, B, and C). Calculated variation coefficient (VC) was expressed in percentage. 
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Table V 

TEWL TEWL TEWL 
V. V. V. 

time (min) CM820 CM82S CM820 

o 0,466 0,329 0,929 

I 0,444 0,377 0,620 

s 0,517 0,101 0,620 

IO 0,660 0,239 0,791 

15 0,232 0,268 0,846 

20 0,305 0,028 0,734 

40 0,280 0,009 0,606 

so 0,322 0,114 0,619 

55 0,299 0,097 0,76 1 

60 0,419 0,088 0,803 

Table V. Established correlation (r: Pearson's coefficient) tor TEWL and epidermal "capacitance · assessed by the 
CM820 and CM825 systems following a POST test. 

Table VI 

eM820 ve eM82S ve 
Hydration (AU) (%) (AU) (%) 

low 57,8 ± 0,3 0,5 41,9 ±4,2 10 
66,5 ± 2,7 4,1 55,5 ± 2,8 5,1 
73,7 ± 2,5 3,4 62,3 ± 1,9 3,0 
83,8 ± 2,1 2,5 74,6 ± 3,8 5,1 
92,2 ± 1,8 2,0 80,2 ±0,2 0,3 

high 111,2±7,0 6,3 98,3 ± 7,0 7,1 

Table V. In vivo hydration values expressed In capocitance AUs (mean volue ± standard deviation) corresponding to 
different levels of epidermal hydration detected by the CM820 and CM825 systems fol/owing a POST test. Ca/culated 
variai/on coetticient (VC) was expressed in percentage. 

conditions. This model regards epidermis as a water 
reservoir to where water input (gain) is a relatively 
constant process, while water output (loss) is the 
lirniting factor which may be altered by topica! sub
stances. Under this perspective, this model is designed 
to quantitatively screen the total water flux over time, 
and detect any change, specially if discrete, occurring 
at the cutaneous water dynamical balance. 

150 

This model is described through the following 
expression: 

Cap = l.(e·Ko111•1 _ e·Kin*') + F. ( Max.t5) 
t~0+ t" 
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where: 

I 

F 
t 
Kin;Kout 
Max 
t so 

linear parameter, common to the 
model 's exponential terms 
scale factor 
time 
I st order kinetical constants 
Maximal hydration factor 
time to reach 50% of maximal 
hydration response 
curve 's sigmoidicity parameter 

Tue I A order kinetical variable Kout or elimination 
constant is a quantifiable parameter, representing 
an "half-life" time which is used to characterise the 
relative influence of any factor on skin water balance, 
particularly when different topica! substances are 
applied on skin 's surface. In this case, when a topica! 
formulation is used to reinforce or re-establish epi
dermal hydration, the expected increase on skin 
hydration should be measurable fora certain period 
of time depending on the relative formulation's 
"hydration power". In other words, the higher the 
formulation's "hydration power" the bigger the half
life time, meaning lower Kout values. Also, if we 

accept that the effects of those formulations may 
persist for longer periods of time, other parameters 
such as Max and t50 will allow a direct quantification 
of those etfects even if discrete, allowing an objective 
comparison of results. 
Tue mathematical model was applied to the analysis 
of the capacitance curves obtained with the CM820 
and CM825 systems, following the application of 
different glycerol dilution (1 %, 5% and 10% aqueous 
solutions) in order to identify the dynarnical changes 
occurring on cutaneous water balance. Under this 
circumstances considering the low glycerol con
centration chosen, the short-term assay and also, 
the reduced number of volunteers, one should expect 
that epidermal "capacitance" changes would be very 
discrete. In fact, only the curves obtained from the 
CM825 system were sufficiently defined to provide 
acceptable information necessary for the kinetical 
analysis and description. As shown in Table VII the 
progressive epidermal hydration increase is clearly 
identified from the variables Kout and Max for the 
CM825 system, which may confirm the higher sen
sitivity pointed before for this system, probably due 
to a better capacity in a detailed detection of lower 
levels of hydration. 
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Table VII 

CM820 CM825 
-

Kout (min·1
) Max (min-1

) t so (min-1
) Kout (m;I Max (m;o•J t so (min-1

) 

Glycerol 1% 0.047 8,686 16,999 0 ,089 5,294 12,007 

Glycerol 5% 0.057 8,956 15,291 0.085 I 5,375 10,583 

Glycerol 10% 0.064 8,74 1 12,783 0,078 5,649 14,088 

Tabfe V. Kinetic porometers resufting trom mothemoticof modulafion ot epidermaf "capacitance vafues obtained 
from CM820 and CM825 systems. These parameters were used to characterise the epidermof hydrotion evofution over 
time (60 min) foffowing the application of different gtycerof difutions on skin 's surface. 

CONCLUSION 

Tue overall in vivo resulrs obtained under the present 
experimental conditions seem to corroborate that 
the system CM825 corresponds to a generai evolution 
of its predecessor CM820. Although based on the 
same biophysical and technological principles, a 
primary distinction found regards the different nume· 
rical scale range used in each system. Nevertheless, 
a close relationship, near the linearity, was found 
during the different phases of the experimental pro· 
cedures. For extremely high values of epidermal 
hyd.ration, the CM825 seemed to be more reliable, 
probably for being less sensitive to other influencing 
factors (such as saline) as reported (l ) ; good sen
sitivity revealed by a better capacity in identifying 
low hydration Jevels, and good reproducibility con· 
ditions were also apparent. These aspects added to 
the practical possibility to calibrate the system are 
truly important positive appreciation factors con· 
firming the interest on this new system. Still, its is 
necessary to gather more experimental data from 
this system, which should be experienced in different 
protocols to establish its full applicability capacities 
and, hopefully like its predecessor, to continue to 
contribute to further advances on human skin hyd.ra
tion knowledge. 
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