
www.riverd.com
®



www.riverd.com
®

Figure 2. In vivo confocal images and a water concentration profile for 
the stratum corneum of the palm, based on combined CSLM and 
Raman measurements. (A) Cross section of the skin (xz-plane; SC: 
stratum corneum; VE: viable epidermis). Plotted in the image is the 
water concentration profile as determined from Raman measurements 
on the dashed line. The x axis represents the distance to the skin 
surface and applies to both the image and the graph. The y axis 
represents the water concentration in mass percentage (grams of water 
per 100 g of wet tissue). The solid line locates the plane from which 
image B was obtained. (B) Confocal image parallel to the skin surface 
(xy-plane), recorded at 145 µm below the skin surface at the boundary 
between SC and VE.

From the same work [4], it was concluded that a rapid 

decrease in the NMF content provides an alternative 

marker for the SC-epidermis interface and hence the SC 

thickness. Referring to the paper by Rawlings et al. [6] 

they stated on page 441: “According to Rawlings et al.

(1994) a zone of stable filaggrin exists in the lowermost 

part of the stratum corneum where the epidermal water 

barrier is formed. The conversion of filaggrin to NMF 

would take place above this zone, i.e. closer to the skin 

surface. This is consistent with our observations. The 

concentration profiles (figure 9) actually show that for 

most NMF constituents the concentration approaches 

zero at 70 µm below the skin surface. Between 70 and 

50 µm the concentrations increase sharply and from 50 

to 10 µm below the skin surface the concentrations 

remain constant. This suggests that, for this particular 

depth series, the conversion from filaggrin to NMF takes 

place between 50 and 70 �Ëm below the skin surface.”

Further and conclusive confirmation of the fact that the 

steep increase in water concentration occurs at the 

boundary between stratum corneum and living epidermis 

was presented in the 2003-paper by Caspers et al. in 

Biophys. J., in which in vivo confocal Raman 

measurements were combined with confocal video 

microscopy [2]. A very illustrative result is shown in 

Figure 2. 

From this work [2]:

“confocal Raman spectroscopy combined with CSLM 

provides a direct method to study the water 

concentration profile in the SC. With the results 

presented here, we show for the first time a detailed in 

vivo water concentration profile for the SC in relation to 

the skin architecture. The water concentration within the 

SC of the palm is constant throughout most of the SC 

(Fig. 2). Only at the junction between the SC and viable 

epidermis does the water content increase with a steep 

gradient, reaching 70% (mass %, or grams of water per 

100 g of wet tissue) in the viable epidermis.”

Concluding, Caspers et al. convincingly demonstrated in 

various papers the use of confocal Raman spectroscopy 

for the estimation of Stratum Corneum thicknesses and 

differences in thicknesses.

III. Observation of changes in SC thicknesses after 
treatment of skin

Before confocal Raman spectroscopy became available, 

the shape of the water concentration gradient and its 

change upon treatment was already known from in vitro

experiments or theoretical calculations. 

Scanning transmission electron microscopy (STEM) of 

biopsied and rapidly frozen human epidermis has 

already been applied for more then twenty years to study 

the water concentration gradient, see for example the 

work by Warner et al. from 1988 [5]. These results 

showed that a water concentration gradient must reside 

in the SC. 

In 1984, experimental dynamic water flux measurements 

of in vitro SC as a function of its water content enabled 

the calculation of water concentration gradients that 

must exist in the in vitro SC samples [7]. These 

calculations were based on Fick’s law of diffusion. All 

profiles were found to be steep and linear in the SC and 

the model accurately described the swelling of the 

stratum corneum as a function of the water content and 

also as a function of the surface water content. 

In 1997, Norlén et al. [8] applied light microscopy and 

confocal laser scanning microscopy (CLSM) to study the 

swelling of extracted pieces of human SC. 
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Figure 3. Water concentration profiles as measured on the palm of the 
hand, under physically occlusive conditions (45 min). Measurements 
were recorded during the occlusion [9].

They found that after incubation of dried SC in distilled 

water for 90 min, the observed swellings were 26.3±16% 

in the thickness dimension and only 4.1±1.4% in the 

lateral dimension. Thus swelling after addition of water to 

the stratum corneum mainly takes place in the thickness 

direction.

In 2002, Caspers et al. presented confocal Raman 

results on the moisturization of the stratum corneum (in 

this case by physical occlusion) [9]. A result obtained on 

the palm of the hand of a 32 year old male is shown in 

Figure 3. 

It is clear that the accumulation of water, as a result of 

the occlusion of the skin, has lead to swelling of the SC. 

The approximate location of the SC-Epidermis interface 

is at 110 µm below the surface of the skin before 

occlusion and at 130 µm after 45 min of occlusion. This 

is an example of how confocal Raman spectroscopy 

monitors changes in stratum corneum thickness, that are 

induced by a skin treatment.

Sometimes, a treatment of the skin results in thinner SC. 

In 2005, Estée Lauder and River Diagnostics 

researchers jointly presented results on measurements 

of SC before and after tape stripping [10]. 

Sequential tape stripping and TEWL measurements on 

the stripped site were carried out until the TEWL 

measurement indicated a value of 18 g/m2/hr. In figure 4, 

the results for the face (cheek) and the forearm are 

compared. Note, that the required average number of 

strips was 8 for the cheek and 30 for the forearm.

The results illustrate clearly that for untreated skin, facial 

SC is thinner than SC of the forearm. Moreover, after 

tape stripping, which is essentially removal of SC layers, 

the remaining thinner SC can be observed easily from 

the profiles. Remarkably, the remaining thickness of the 

SC for face and arm after tape stripping until TEWL=18 

g/m2/hr is nearly identical.

The changing dimension of the SC under the action of a 

treatment has consequences for the calculation of 

efficacies, e.g. the content of a constituent of interest 

before and after application. A simple way of taking the 

changing thickness into account is to compare contents 

averaged over the entire thickness of the SC. Caspers

used this approach in 2005 [11], comparing NMF 

contents of thenar, forearm and facial skin before and 

after surgical hand washing. The same approach was 

later utilized by Sieg et al. [12], who compared water 

concentration profiles of forearm skin after cumulative 

treatment with cosmetic moisturizers. The authors 

calculated the area under the water concentration 

profiles, for the entire thickness of the SC. 
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Figure 4. Water concentration profiles for the cheek and forearm
(average results for five volunteers) before (grey) and after tape 
stripping, until TEWL=18 g/m2/hr.
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IV. Estimating SC thicknesses from depth concentration 
profiles for untreated skin

Knowledge of the exact location of the SC-Epidermis 

interface is crucial for understanding efficacies of 

products. For concentration profiles obtained with 

confocal Raman spectroscopy, several authors have 

proposed estimates for the location of the interface 

[1,2,12,13]. We propose here a more precise fitting 

method of the water profiles, based on a simple diffusion 

model for water, diffusing out through the two 

homogeneous but different media epidermis and SC. 

The SC-epidermis bilayer is represented by two 

homogeneous media with two different (but constant) 

water diffusion coefficients. The water flux is considered 

constant. Under these conditions (Fick's law) the water 

concentration gradients must be linear in both media. 

The experimental water concentration profile is modeled 

simply with two linear functions (one in the stratum 

corneum and one in the epidermis). This model function 

is further convoluted by an optical point spread function 

(a Gaussian function with a full width at half maximum of 

5 micrometer). This point spread function models the 

spatial resolution of the confocal Raman technique. The 

only variables for the model function are the location of 

the discontinuity at the interface of the SC and the 

epidermis and the two slopes of the water concentration 

gradients in both media. Furthermore, for stable fit 

results, specific constraints must be set to these four 

variables. An example fit is shown in Figure 5 [14].   
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Figure 5. Example fit result of a water concentration profile, as 
measured by confocal Raman microspectroscopy. 
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