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Stratum Corneum Stripping

Examples where tape stripping is used:-

Measuring the penetration of topical chemicals

Diagnosing skin health

Studying skin barrier repair

Typology

Note: The model can also be adapted to nail stripping, laser ablation, etc.

The aim of this work is to develop a method for calculating stratum corneum 
(SC) properties from measurements of TEWL changes during tape stripping.
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Tape Stripping
Tape stripping is a minimally invasive technique where adhesive 
tape is used to remove successive layers of SC, as illustrated on 
the left. The photo below shows what a tape looks like after a 
strip.

For each strip you can measure:-

The quantity of SC removed  Mean SC thickness removed
The concentration of actives  Penetration
Transepidermal water loss (TEWL)  Barrier property
Etc.
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TEWL Changes during Stripping

Figures adapted from [2]

TEWL increases as more SC layers are 
removed.

The reciprocal (1/TEWL) is often found to 
decrease ~linearly with the cumulative 

thickness of SC removed () [1].
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The model of Kalia, Pirot & Guy [1] used the 
hydration profile illustrated right, with a water 
partition coefficient of K=0.06 at the interface 
between the viable epidermis and the base of 
the SC.

The effect of stripping on TEWL was 
described by included the thickness of SC 
removed (Λ) in Fick’s first law, ie

This analysis gives a linear (1/TEWL) plot, 
with a z-axis intercept equal to the thickness 
L of the intact SC.

Current Model: Kalia, Pirot & Guy
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Current Limitations & New Approach

The main limitations of the Kalia Pirot & Guy model are:-

• The the SC surface remains dry as layers are removed.

• It does not account for non-linear 1/TEWL plots that are 
sometimes observed, see right.

• It ignores SC swelling. Measured in-vitro thickness from 
tape strips is not the same as in-vivo thickness, because 
in-vitro hydration is not the same as in-vivo hydration.

Our proposed new model takes into account:-

1. Changes in surface hydration as layers are removed.

2. Hydration-dependent diffusion within the SC.

3. Hydration-dependent SC swelling.

Figure adapted from [2]
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New Model Approach

Our approach is macro-scale modelling, where water binding effects and the brick & mortar structure of the 
stratum corneum (SC) etc are all subsumed into a hydration-dependent effective diffusion coefficient DSC.

The method used is to calculate the steady-state flux of water diffusing from the viable epidermis, through 
the SC, into the ambient air. The following components are included in the model:-

1.  Hydration-dependent SC diffusion coefficient

2.  Hydration-dependent SC swelling

3.  Adsorption/desorption at the skin surface

4.  Water vapour transport in the adjacent air

In steady-state conditions, there is no skin surface water loss (SSWL) and the TEWL flux through the SC is 
equal to the water vapour flux in the adjacent air. This conservation of flux is one constraint used in the 
calculations. Another constraint is the relationship between SC surface hydration and the relative humidity 
(RH) of the adjacent air, which is determined by the sorption isotherm.
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Component 1: SC Diffusion Coefficient
Skin Hydration Depth Profile

Steady-state hydration depth profiles measured using confocal Raman spectroscopy give information about 
water mobility in the SC and viable epidermis. Shown here are example profiles measured on untreated volar 
forearm skin in-vivo.

Steady-state hydration depth profiles relate to 
TEWL via Fick’s first law of diffusion. The 
slope at any point is inversely proportional to 
the diffusion coefficient, DSC, ie

Note that there is no partitioning step at the interface between the viable epidermis and the SC.

Figure adapted from [3]
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Two hydration depth profile models were used in this work:-

1.  A linear profile (ie constant DSC).

2.  An exponential profile

These profiles are compared with a confocal Raman profile in the above figure. The deviation near the SC 
surface is attributable to the finite spacial resolution of the confocal optics, see next.

Raman data provided by River Diagnostics BV, Rotterdam, The Netherlands.

The diffusion coefficient for this profile is:-

Component 1: SC Diffusion Coefficient
Hydration Depth Profile Models
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Raman data provided by River Diagnostics BV, Rotterdam, The Netherlands.

The comparison shows that the convoluted exponential profile matches the confocal Raman data at the 
SC surface and within the viable epidermis, but not within the SC. The higher surface hydration measured 
by Raman is also shown to be attributable to spacial resolution.

Measured confocal Raman hydration depth profiles are distorted by the finite spacial resolution of the 
optics. It is important to take this into account when comparing them with model profiles. 

Recovering true hydration depth profiles from data by 
deconvolution is not practical because of mathematical 
ill-conditioning.

The alternative is to convolute a model hydration depth 
profile with an identical resolution function, to make the 
comparison with the measured data more realistic.

The figure shows the measured Raman hydration 
depth profile, the exponential profile and the convoluted 
exponential profile. A Gaussian resolution function of 
4.8 microns FWHM was used in this calculation.

Component 1: SC Diffusion Coefficient
Spacial Resolution Effect on Confocal Raman Depth Profiles
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Component 2: SC Swelling

SC swelling is assumed to be isotropic and additive, where the volume of hydrated SC is given 
by the sum of the volumes of dry SC and water of hydration. With this assumption,

where ΔL is the hydration-dependent swelling, LDRY is the thickness of dry SC, ρW is the density 
of water and c is SC water concentration. Unidirectional swelling (in thickness only) would be 
three times larger.
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Component 3: Skin Surface Adsorption/Desorption

The connection between the skin and the adjacent air is the sorption isotherm. 

Adsorption & desorption at the SC-air interface maintain a balance between the hydration of the SC 
surface and the humidity of the adjacent air.

Note that skin surface RH is generally lower than ambient RH. This causes skin surface hydration to 
remain below ~10% by mass, even when the ambient RH approaches 100%.

Our calculations used a parameterisation (red 
line) of the data from [4]. Hysteresis is ignored.
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Component 4: The Adjacent Air

The model assumes that water from TEWL evaporates from the SC 
surface into the adjacent air. According to fluid dynamics theory, the air 
immediately adjacent to the SC surface is still, irrespective of air 
movements further away. This is the diffusion boundary layer of still 
air. The moving air beyond acts as a vapour sink of constant (ambient) 
humidity and temperature.

The thickness of the diffusion boundary layer depends on the geometry 
of the object and the properties of the moving air. For a horizontal volar 
forarm, for example the thickness of the diffusion boundary layer is:-

~5mm: Normal (uncovered) conditions indoors.

~12mm: Very still air (only natural convection).

~24mm: Open TEWL measurement chamber.
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Component 4: The Adjacent Air
Skin Surface RH

Skin surface RH depends on:-

1. Ambient RH.

2. The flux of water vapour (TEWL).

3. SC surface temperature.

The graph left shows Skin Surface RH for a skin 
surface temperature of 30ºC and ambient 
conditions of 20ºC & 50% RH. The diffusion 
boundary layer thickness is set to LA=5mm.

Note that skin surface RH increases with TEWL, 
but remains significantly below ambient RH.
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Modelling the Stripping Process

A linear hydration profile and an  exaggerated 
strip thickness of 2µm are shown here, to 
illustrate the stripping process more clearly.

Point 1: Before stripping
Steady-state surface hydration, hydration gradient (solid blue line) & TEWL.

Point 2: Immediately after stripping
The surface hydration is elevated, therefore the vapour flux has increased.
However, the hydration gradient is unchanged, therefore the TEWL is unchanged.

Point 3: After a new steady-state is reached
Surface hydration has decreased to a level above that at Point 1.
The hydration gradient (dotted blue line) is now more negative. Therefore, TEWL has increased.
Vapour flux and TEWL are again equal.
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Model Implementation

This diagram represents the model, together with some of the values used in the calculations that follow. 
These were performed using an Excel 2003 spreadsheet and its VBA (Visual Basic for Applications) 
feature. Properties were calculated layer by layer, dividing the SC into 100 layers. A typical diffusion 
coefficient was found to be 0.08% smaller with 50 layers and 0.02% larger with 200 layers.
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Transient & Steady-state SC Surface Hydration 

This figure shows calculated transient & steady-state SC surface hydration with 0, 1, 2, ... microns of SC 
removed by stripping. The excess hydration immediately after a strip is subsequently lost by evaporation from 
the SC surface (=Skin Surface Water Loss, SSWL).
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Transient & Steady-state Vapour Flux

The transient vapour flux is calculated immediately after strips of 1 µm thickness.

This is Skin Surface Water Loss (SSWL)
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(1/TEWL) Plots:– Linear Model

For the linear model (ie constant DSC), the reciprocal TEWL plots are highly linear. Without swelling, the line 
extrapolates to in-vivo SC thickness. With isotropic swelling, the line extrapolates to the thickness of in-vitro 
SC in equilibrium with ambient RH, which is close to the thickness of fully dry SC. Extrapolated thickness 
values from the first 10 strips are 15.1µm (no swelling) & 12.6µm (isotropic swelling).

These calculations assumed an intact in-vivo SC thickness of 15µm with a TEWL of 10gm-2h-1.
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(1/TEWL) Plots:– Exponential Model

For the linear exponential model, the reciprocal TEWL plots are ~linear for ~1st half of SC thickness removed. 
Extrapolations with these initial gradients lead to a considerable over-estimate of SC thickness. Extrapolated 
thickness values from the first 10 strips are 18.1µm (no swelling) & 12.4µm (isotropic swelling).

These calculations assumed an intact in-vivo SC thickness of 15µm with a TEWL of 10gm-2h-1.
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Summary & Conclusions

• For the linear model (constant DSC),  vs 1/TEWL is nearly linear.

• For the exponential model, the initial slope of the Λ vs 1/TEWL curve is ~linear.

• Swelling needs to be taken into account when measuring SC thickness.

• Work on a more realistic hydration depth profile & associated DSC(c) is in progress.

The work to develop a realistic model of SC hydration is ongoing. Currently, we can model steady-state 
properties with a concentration-dependent diffusion coefficient, taking SC swelling into account. In the 
near future, we plan to incorporate thermal properties, to enable temperature-dependent properties to be 
calculated. Once the steady-state model performs satisfactorily, the next step is to calculate time-
dependent properties, to enable questions about rates of change to be answered.

For the present work, the main conclusions are:-
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