
In-Vitro Corneometry and Tewametry
Setting up skin substitute models 

to evaluate cosmetic moisturising materials

INTRODUCTION

Skin moisture and moisturisers
Skin moisture, or an adequate amount of water inside the 
outermost layers of the skin, plays a critical role in skin’s 
metabolism, enzyme activity, barrier function, and biophysical 
properties. For example, when the water content in the 
stratum corneum falls below a critical level, the skin becomes 
dry, scaly, rough, fl aky, and itchy. It is also widely agreed that 
youthful skin retains its fi rmness, elasticity and smoothness, 
as well as other characteristics such as radiance and 
complexion, mainly due to its high water content (1-6).
Knowing this, it becomes apparent that “moisturisation” is 
a very desirable claim and, indeed, “moisturisation” is the 
most popular claim on fi nished cosmetic products. However, 
the European Cosmetic Regulation stipulates that claims 
for cosmetic products shall be supported by adequate and 
verifi able evidence – ideally by in-vivo results (7).

Substantiating skin moisturisation
The effi cacy of moisturising creams or single cosmetic ingredients 
is evaluated by monitoring and measuring parameters such 
as stratum corneum water content (by using corneometry) or 
transepidermal water loss (TEWL; by using tewametry). 
Corneometry registers the electrical capacitance of the skin 
surface. The measuring principle is based on distinctly different 
dielectric constants (ε) of water and most other materials – e.g. 
εwater ~80; εglycerine ~47; εethanol ~25; εmineral oil ~2. In other words, 
due to water’s high dielectric constant, increased stratum 

corneum hydration is refl ected by increased capacitance 
values (4, 8). The corneometer’s measurements are displayed in 
arbitrary units (au) ranging from 0 (no water) to 120 (pure water) 
with human inner forearm skin typically showing values ranging 
from < 30 (dry) over 30-45 (normal) to > 45 (well moisturised) (9). 
Tewametry registers the physiological loss of water vapour from 
skin (TEWL), which is commonly used as an indicator for the 
intactness of the stratum corneum. Notably, healthy skin should 
reveal measurement values within 0-15 g/m2*h (10). However, 
the assessment of the effi cacy of moisturisers, or rather single 
ingredients, also represents another fi eld of application for 
tewametry: The application of moisturising material infuses the 
skin with an extra portion of water, which in turn translates to 
increased evaporation and concomitant TEWL-values (11).

Skin substitute models
Stratum corneum hydration measurement is the basic 
measurement for all cosmetic applications. In-vivo tests, 
however, can be fairly expensive and time-consuming and 
are subject to ethical limitations and high between-individual 
variation. Moreover, a limited number of measurement fi elds 
on the human body restricts testing capabilities. 
Straightforward skin substitute models may overcome these 
limitations and could prove helpful for a more guided 
development, in particular for preliminary testing during 
early product development. In this way, uneconomical 
developments based on the principle of trial and error can 
be avoided. To do so, the ideal in-vitro skin substitute model 
must meet several requirements:
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Plastic model = OF membrane on ‘subsurface’ gel
The plastic and collagen models consist of an agar-agar 
‘subsurface’ gel and a covering membrane. 
‘Subsurface’ gel: 67.8% water, 1.5% agar-agar (BioScience), 
30% glycerine and 0.7% preserving phenoxyethanol were 
mixed and heated under stirring until boiling. The cooled 
mixture (approx. 47°C) was then poured into petri dishes (50 x 
9 mm); fi ve minutes later, when the mixture started to solidify, 
the membrane was added (Figure 1).
Membrane: OpSite fl exigrid (OF) (Smith&Nephew, #4629, 
10x12cm) is a waterproof but vapour-permeable, cutaneous-
like adhesive fi lm that is used for dressing wounds. It consists of 
a polyurethane fi lm with acrylic adhesive and has been used 
in several barrier function studies (20, 21). 

Collagen model = Intestine on ‘subsurface’ gel
‘Subsurface’ gel: See above for details.
Membrane: EWD-intestine (Widmer&Pagani, gage 43/20m, 
salmon pink) is a sausage casing made of >85% collagen 
originating from pig skin (16), hence resembling human skin. 
Notably, collagen has already been used as a skin substitute 
model (24). The stiff and hydrophobic membrane was cut 
into 6 x 6 cm pieces and was immersed in distilled water for 15 
minutes. Surplus water was wiped away and the membrane 
was placed on the ‘subsurface’ gel. 

Measurements
Room temperature and humidity were kept at 21±1°C and 
50±5%, respectively.  Several corneometer measurements 
were performed on each specimen using a Corneometer® 
CM 825. To avoid occlusion the probe was not placed on 
the same spot twice. After every specimen, the probe was 
cleaned with a soft wipe soaked with ethanol. A Tewameter® 
TM 300 was used for TEWL measurements, each lasting sixty 
seconds. See Figure 1 for illustrations.

Test materials
Basic emulsions or gels were applied at 2 mg/cm2 using 
pipettes and disposable fi nger cots. 
HYDRACTIN®-LMF (hereafter referred to as HLMF), developed by 
RAHN AG and launched in April 2015, is a cosmetic active ingredient 
combining moisture-providing extracts from lichen, moss, and fern. 
It provides moisture and helps retain it. INCI: Propanediol, Water, 
Polypodium Vulgare Rhizome Extract, Cetraria Islandica (Icelandic 
Moss) Thallus Extract, Sphagnum Magellanicum Extract, Citric Acid.

• convinces through easy handling and cost-effectiveness; 
• yields robust and reproducible data;
• consists of a material comparable to human skin, e.g. 

collagen;
• shows biophysical parameters similar to human skin, e.g. 

corneometer readings;
• allows simulation of different skin conditions, e.g. dry and 

normal skin;
• allows objective characterisation and benchmarking of 

hydrating materials in a standardised way.
Numerous membranes have been suggested as having 
some characteristics similar to human skin: Synthetic 
Strat-M® membranes with a porous structure and a “lipid 
impregnation” for skin-like properties have been developed 
for transdermal diffusion testing (12), whereas VITRO-
SKINTM is mainly designed for self-tanning, formulation 
spreadability, water-repellency or make-up removing 
effi cacy testing (13). Other reports mention the use of 
living organism derived membranes such as DermagraftTM, 
a human fi broblast-derived dermal substitute for wound 
healing (14), shed snake skin (15), or collagen membranes 
originating from pig-derived sausage casings (16). In 
addition, cellulose fi lter papers (4, 8, 17-19) and OpSite 
fl exigrid (20, 21) were found to be frequently used for 
calibration purposes. 
However, all these models have major limitations: they are 
either hardly available, are expensive or have not been 
developed for hydration effi cacy testing. To this end, 
membranes must be moisturised in some way to show 
skin-like behaviour during hydration and water loss testing. 
C. Bruns reported a skin substitute model conditioned via 
an agar-agar ‘subsurface’ gel (16). Thus, after weighing 
all options, it was decided to set up skin substitute models 
based on i) cellulose fi lters and ii) collagen or synthetic 
OpSite fl exigrid membranes placed on an agar-agar 
‘subsurface’ gel.

Aim
The aim of this work (22, 23) was to provide a skin substitute 
which reproducibly resembles human skin and gives 
the possibility to carry out water-content and water-
evaporation measurements (corneometry and tewametry) 
upon application of cosmetic moisturising materials. We 
thus set up three different skin substitute models and 
evaluated their suitability for proband-free hydration 
testing. Suitability was evaluated by performing sorption-
desorption tests or by assessing their ability to accurately 
differentiate well-established hydration ingredients. A 
second aspect was to use the models for preliminary proof-
of-concept studies, i.e. to assess the moisturising power of a 
novel cosmetic active ingredient.

MATERIALS AND METHODS

Cellulose model = cellulose fi lter paper on petri dish
Whatman cellulose fi lter papers (grade 3, 23 mm diameter) 
were placed on petri dishes with a low dielectric constant 
and in-vitro sorption-desorption experiments with various 
liquids were performed as previously proposed (8). 
However, it soon became apparent that this model 
is unqualifi ed for the intended purpose (see chapter 
conclusion). It is listed here for the sake of completeness; no 
detailed data is shown. 

Figure 1. Setting up the models. 
Top left: freshly poured underground gel. Top middle: Application of 
OF membrane to underground gel. Top right: Application of EWD-
intestine to underground gel. Bottom left: Tewameter measurement 
on the plastic model. 
Bottom right: Corneometer measurement on the collagen model.





The collagen model revealed significantly higher 
corneometer and TEWL values than the plastic model, 
i.e. corneometer: ~25 versus ~15 au ; TEWL: ~22 versus 
~7 g/m2h (Figure 3). Water is an intrinsic component of 
collagen, accounting for about 60% of weight in the 
protein’s natural state (25). Given the high water content 
in collagen, it is not surprising that the collagen model 
showed higher hydration and evaporation than the plastic 
model whose artificial membrane does not contain any 
intrinsic water molecules.
Interestingly, the corneometer values from the collagen 
model better reflected the human state than the values 
from the plastic model, whereas for TEWL values it was the 
opposite. In the latter case, it was the plastic model that 
properly mimicked the real-life situation (Figure 3).

Precision and sample size calculation
A skin substitute model should yield valid, i.e. reliable and 
reproducible, data and we thus investigated the random 
variability of the models. Repetitive measurements on 
the very same specimen revealed that within-specimen 
variability, i.e. measurement error, for corneometer 
measurements was reasonably good. It amounted to 6.8% 
(plastic model) and 16.5% (collagen model) as compared 
to 9.0% in the human reference (Figure 3 top and Table 
1). Within-specimen variability for TEWL measurements, 
in both models, was lower than in the human reference 
(Figure 3 bottom and not shown). To stay on the safe 
side, and based on the fact that it is common practice to 
perform five individual corneometer and three tewameter 
measurements in humans, it was decided to perform ten 
corneometer and three tewameter measurements on each 
plastic and collagen specimen.

RESULTS AND DISCUSSION

Making the models – practical aspects
The dissertation of Bruns et al. describing a skin substitute 
model for testing emollients was used as an orientation 
point for our development (16). The first task was to 
identify the optimal configuration of the ‘subsurface’ 
gel. First experiments revealed that different agar-agar 
concentrations did not affect corneometer and TEWL 
readings. We then found that 1.5% agar-agar imparted 
gels with sufficient consistency to withstand the pressure 
exerted from the measurement devices, whereas lower 
concentration imparted gels with insufficient stability (not 
shown). These preliminary experiments also indicated that, 
upon production, the models need about 12 hours for full 
equilibration. The models then yielded stable measurement 
values and may be used for measurements for up to 
36 hours (not shown). All experiments were thus started 
approximately 16 hours post production.
Glycerine was added for two reasons. Firstly, glycerine 
is hygroscopic and thereby hampers the evaporation of 
water from the gel. This protects the gel from drying out 
too quickly. Indeed, when gels were stored for several 
days, shrinking was considerably slower with increasing 
glycerine concentration. Secondly, glycerine allows 
tuning of the constant water release from the gel to 
the membrane since different glycerine-water mixtures 
generate different relative humidities above the mixture. 
In other words, higher glycerine concentrations in the gel 
lead to lower relative humidity above the gel and lower 
moistening of the membrane. This in turn results in lower 
TEWL and corneometer readings. Indeed, measurement 
values obtained on collagen models with 0% and 30% 
glycerine resembled values obtained from normal (i.e. >30 
au) and dry skin (i.e. <30 au), respectively (Figure 2).  

The plastic model, in contrast, did not respond to 
different glycerine concentrations (not shown). This can 
be explained by the absence of intrinsic water binding 
molecules within the plastic membrane. Nevertheless, it 
was decided to use the 'subsurface’ gels containing 30% 
glycerine throughout the study, as dry skin is what typically 
demands a corrective moisturising treatment.

Figure 2. Modulating the glycerine concentration in the 
underground gel allows simulation of different skin conditions. 
The collagen model containing 30% glycerine in the underground 
gel simulated dry skin conditions as it yielded corneometer values 
as are typically found in humans with dry skin, i.e. < 30 au (light 
blue). The collagen model containing no glycerine, in contrast, 
yielded corneometer values as are typically found in humans with 
normal skin, i.e. between 30 to 45 au. TEWL measurements revealed 
equivalent findings (not shown). Two-tailed, unpaired t-test.

Figure 3. Variability is low in the collagen model and even lower in 
the plastic model. 
50 and 20 measurements were taken on six or four specimens 
and one human volunteer (forearm) over eight hours. One of two 
independent experiments is shown.
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discriminate a minimum corneometer effect size 
of 10%. For comparison, 30 volunteers would need 
to be considered for inclusion in a human in-vivo 
study (Table 1). Similar considerations apply for 
TEWL measurements (not shown). Based on these 
calculations and on practical considerations, it was 
established that valid corneometer data is obtained 
by performing measurements on four collagen and 
three plastic specimens per treatment group. 

Suitability for different materials
With the next set of experiments, we aimed i) 
to clarify the practicability for testing aqueous 

and oily ingredients as well as different formulations and 
ii) to further validate the model by testing benchmark 
humectants and occlusives.
Due to the hydrophobic nature of the membranes, pure 
aqueous substances cannot be tested. Aqueous substances 
pearled on the surface and did not spread across the whole 
membrane in a layer (not shown). However, both models 
proved to be appropriate for testing oily substances and we 
were able to discriminate them by their occlusive properties: 
The application of an emollient (CCT) had no effect on TEWL 
values, whereas the application of occlusive paraffi num 
liquidum led to a reduction in the TEWL – with a similar kinetic 
as in the human reference (Figure 4).

The models’ real strength, however, lies in the opportunity 
to differentiate formulations for their moisturising effi cacy. 
Collagen model (Figure 5, top):  O/w emulsions 1 and 2 were 
more effective in providing moisture than a gel, whereas the 
different emulsifi er systems used in emulsion 1 and emulsion 2 
had no impact on hydration levels. Again, the kinetic of the 
moisture response was similar, whereas the magnitude was 
larger in the model than in the human reference, i.e. roughly 
20 versus 10 au. We explain this difference by the fact that the 
human volunteer had higher baseline moisturisation than the 
collagen model and we speculate that a similar magnitude 
would have been observed in a volunteer with lower baseline 
levels. However, an exaggerated response in the model might 
be benefi cial for a better resolution of small in-vivo differences. 

However, the between-individual variability usually is 
considerably greater than the within-individual variability and 
thus has bigger practical implications. Indeed, according 
to our experience, within-individual variability in humans for 
corneometer measurements is around 13.8% (Table 1). Others 

even report variability of 20-25% (26). High variability increases 
the number of individuals/
replicates that must be 
included in a study in order 
to have suffi cient statistical 
power. To this end, we would 
like to emphasise that within-
specimen variability was as 
low as 5.4% and 2.1% for the 
collagen and the plastic 
model, respectively. This is 
considerably better than what 
can be expected in a human 
in-vivo trial and indicates 
that standardised in-vitro skin 
substitute models allow much 
more accurate measurements 
at smaller sample sizes.
Indeed, sample size 
estimation (27), based on 
within-specimen variability, 
revealed that as few as 1 
to 5 specimens would yield 
enough statistical power to 

Table 1. Variability and sample size calculation. 
Within- and between-specimen/individual variability is depicted as relative standard 
deviation, also known as coeffi cient of variation or precision. 1Representative data 
from a typical in-vivo study performed at an independent test lab (n=20). Estimated 
sample sizes that are needed to reliably detect differences of 10, 20, or 30% between 
two treatment groups is depicted under the column “effect size”. Constants: statistical 
power = 0.80; signifi cance level = 0.05; Sampling ratio = 1; 2-sided equality (27).

Figure 4. Both models are suitable for the characterisation of 
occlusive agents. 
Top: Collagen model. The application of occlusive paraffi num 
liquidum decreased TEWL levels, whereas caprylic/capric 
triglyceride (CCT) did not. 
Bottom: Plastic model: Equivalent results were obtained. The 
kinetic mimicked the in-vivo situation in humans. Normalised TEWL 
readings. The differences between untreated and paraffi num 
reached statistical signifi cance at each time point (two-tailed 
unpaired t-test). Hu Paraffi num = reference results from a volunteer. 



straightforward emulsion containing 3% glycerine supplied 
the membrane with some extra moisture (Figure 6). However, 
it is not just a matter of supplying the skin with extra moisture, 
but also of storing and retaining the moisture as long as 
possible. Indeed, when the emulsion was supplemented with 
an additional 5% HLMF this not only supplied the membrane 
with another extra portion of moisture but also allowed the 
membrane to store and retain the newly gained moisture 
for longer. If the moisture-providing and -retaining effects 
observed here were corroborated in an affi rmative in-vivo 
study, this would ultimately substantiate the adequacy of 
the models for preliminary proof-of-concept or claim support 
studies. Indeed, HLMF’s moisture-providing and -retaining 
effi cacy has been verifi ed in several clinical studies (28).

CONCLUSION

Three different in-vitro models for water-content and water-
evaporation measurements have been evaluated in this 
proof-of-concept work and it became evident that each 
model has its strengths and weaknesses (Table 2).

 Cellulose model: The use of simple cellulose fi lter papers would 
represent the most puristic and straightforward model. Although 
cellulose fi lter papers are completely unlike human skin, they 
are cheap, easily available, and easy to handle. In addition, 
cellulose fi lter papers are commonly used in scientifi c works to 
calibrate or compare instruments that measure stratum corneum 
hydration (4, 8, 17-19), but to the best of our knowledge, they 
have so far never been used for hydration effi cacy testing or alike. 

Of all samples tested and in both, model and men, w/o 
emulsions seemed to provide even better moisturisation. 
However, w/o emulsions, due to their greasy consistency and 
poor absorption into the membrane, overtly contaminated the 
probe heads, particularly at early measurement points, and 
were thus not further evaluated (not shown).
Plastic model (Figure 5, bottom): In contrast to 
the collagen model, the plastic model showed 
a shorter kinetic and a smaller magnitude. In 
particular, hydration effects rose and faded 
distinctly faster in this model and lasted for 
about one hour as compared to more than 8h 
in the collagen model. Moreover, “emulsion 
2” induced a maximal hydration increase 
of roughly 5 units in the plastic model as 
compared to 20 units in the collagen model. 
However, when 3% glycerine was added to 
“emulsion 2” the maximal hydration increase 
equalled 15 units. Thus the addition of a well-
known moisturiser such as glycerine to the 
basic “emulsion 2” increases its moisturising 
effi cacy. This in turn further validates our model and paves the 
way for testing and benchmarking novel moisturising ingredients.

Testing a novel moisturising ingredient
In a fi nal proof-of-concept study, we then used the plastic 
model to assess the moisturising power of the novel active 
ingredient HLMF – incorporated into a conventional cream 
as might be found on the shelf. The application of a 

Figure 6. The novel moisturiser HLMF boosts glycerine. 
The addition of glycerine to a formulation provided moisture, 
whereas the active ingredient HLMF provided moisture and helped 
to retain it. Plastic model. Normalised data. Differences between 
the different conditions all reached statistical signifi cance.

Table 2. Advantages and disadvantages.
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Figure 5. Both models allow differentiation of formulations and 
ingredients for their moisturising effi cacy. 
Top: Collagen model. A basic gel formulation (“gel”, i.e. carbomer and 
xanthan gum) imparted moderate and short-term moisturisation only, 
whereas o/w emulsions (“emulsions 1 and 2”, i.e. gel with 15% CCT and 
emulsifi er) imparted more pronounced and long-term moisturisation. 
Minor changes in the emulsifying system (i.e. glyceryl stearate citrate and 
cetearyl alcohol in “emulsion 1” versus sucrose distearate and sucrose 
stearate in “emulsion 2”) had no infl uence on moisturising effi cacy. The 
kinetic of the response was consistent with human data; the effect size 
even seemed to be more favourable in the model. 
Bottom: Plastic model. Hydration was monitored at shorter intervals as 
the kinetic was shorter and less pronounced. Adding 3% glycerine to the 
formulation, however, signifi cantly increased the formulations’ moisturising 
effi cacy. Normalised values. Hu = reference results from a volunteer.
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Increasing glycerine concentrations, however, led to decreasing 
hydration values. This can be explained by the lower dielectric 
constant of glycerine as compared to water. Nevertheless, when 
adding a well-recognised moisturising substance, decreased 
capacitance values (which would translate to reduced hydration) 
make the interpretation of results challenging and possibly indicate 
an elemental limitation of this cellulose model. Furthermore, 
measurements on this model were jeopardised by the presence 
of salts, as it proved sensitive to electrolytes. Taken together, we 
cannot recommend the use of cellulose filters as a substitute model 
to simulate stratum corneum hydration or transepidermal water loss.
The major advantage of the collagen model is that the 
membrane consists of collagen, a skin-relevant material, and 
yields corneometer values very similar to those obtained in human 
volunteers (i.e. ~20-45 au). The moisture level of the membrane 
can be adjusted by varying the glycerine concentration in the 
‘subsurface’ gel, potentially enabling simulation of dry skin or 
normal skin conditions. TEWL values, in contrast, were slightly higher 
in this model than in human skin, i.e. ~20-25 versus ~10 g/m2h. 
High baseline values, however, might facilitate the detection and 
illustration of occlusive effects. The model successfully discriminated 
between occlusive and emollient oils, i.e. paraffinum liquidum and 
CCT, as well as between formulations with different moisturising 
characteristics, i.e. gel and emulsions. Finally, a human in-vivo-like 
kinetic makes this model particularly attractive. 
The plastic model, though made of non-natural material, might 
also be a suitable model for water-content and water evaporation 
investigations. The membrane is cheap and easily available and 
convinces through its simplicity in setup. The artificial nature of its 
membrane seems to translate to very low measurement variability. 
Notably, the plastic membrane is absolutely regular and even, 
allowing homogenous application of testing materials and precise 
replicate measurements, whereas the collagen membrane is 
irregular and uneven. However, this does not mean that the plastic 
model is best for all applications: It does not seem to be suitable 
for aqueous solutions and might be more appropriate for testing 
finished products. Moreover, moisture responses seem to be shorter 
and less pronounced than in the collagen model. Nevertheless, 
the model efficiently characterised cosmetic moisturising materials, 
whether well-known glycerine or new active ingredients. 
Taken together, our models are easily available and we believe 
that they would present very supportive preliminary moisturising 
test opportunities during cosmetic actives and finished product 
development. However, this deserves further experimentation.
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