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01 What is skin hydration?

Simply put, the term “skin hydration” refers to the amount of moisture present in your 
skin. As more than 60% of the human body is comprised of water its importance to the 
body’s proper functioning cannot be overstated. People with dry, itchy, skin often do not 
drink enough water to keep the skin healthy and soft. One of the most important things 
you can do for your skin’s health and appearance is to stay hydrated. It is also important 
to understand the distinction between hydrating the skin versus moisturizing it. Both 
processes address the importance of making sure the skin is getting all the water it needs to 
fight dryness and dehydration which can lead to premature signs of aging and protect itself 
against environmental damage. The difference, however, lies in how the goal is realized.  
Hydration is effectuated by introducing water into the body (i.e., by drinking water), whereas 
moisturization is realized by topically applying products containing active ingredients which 
are capable of drawing water into the skin.  

So, how and where is the moisture lost?  It is lost through the outermost or top layer of 
the skin, known as the Stratum Corneum (SC). The SC is comprised of highly resilient, 
specialized skin cells and material known as keratin, a skin-protective protein. It is 
important to know a little bit about the SC since it represents skin’s first line of defense 
against the outside world by keeping dirt, germs and toxins from entering into the body, 
while at the same time preventing moisture from escaping. And because of its role as the 
outermost layer of the skin, by default, it’s also where skin hydration/moisture content 
measurements are most frequently taken. 

The stratum corneum is made up of many parts which, in combination, form a barrier to 
protect your body from the environment. In order to better understand how the SC serves 
as a barrier, we will briefly describe what is known as the brick-and-mortar model1:

THE BRICKS
The bricks, also called corneocytes a.k.a. dead skin cells, are primarily comprised of keratin.  
This protective protein is also found in one’s hair and nails.

A healthy, properly functioning stratum corneum will naturally shed approximately 
one layer of corneocytes each day. The corneocytes will then be replaced with new 
keratinocytes which gradually move up through the skin from a lower layer of the epidermis 
called the stratum granulosum.

THE DESMOSOMES
Desmosomes are specialized proteins that mechanically connect adjacent bricks to one 
another by adhesively joining them together. They are comprised of several types of 
proteins which are linked together such as corneodesmosin, a glycoprotein.

THE MORTAR
The mortar that locks everything in place is made from lipids (oils) that have been secreted 
within the deeper layers of the skin. The lipids then float up towards the surface of the 
skin and occupy the spaces between the bricks and layers of corneocytes causing them 
to be locked in place so as to form a protective intracellular matrix that prevents external 
contaminants from penetrating into the body.

Hence, the mortar is particularly important in protecting the lower layers of the skin. It 
creates the barrier that keeps out bacteria and toxins.
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“The water content of the SC is not uniformly distributed through its thickness: the more 
superficial layers are in equilibrium with the ambient water content, while the deeper 
layers exchange their free water with the epidermis and are close to saturation. It is not 
easy to demonstrate the gradient in vivo, but Warner et al. (1988) have confirmed it in skin 
biopsy specimens using electronic diffraction. In their results, water concentrations falls off 
regularly from 70 % at stratum granulosum level to 25% superficially, which means that the 
water is entirely present in bound form even for moderately high-water content values. In 
vivo, Salter et al. (1992) attempted to study skin moisturization through nuclear magnetic 
resonance (NMR). Querleux et al. (1994) with the same technique confirmed the existence 
of a water gradient in the SC of the plantar area and observed the modifications induced by 
a hydrating cream or a detergent. Recent developments in confocal Raman spectroscopy 
(Caspers et al. 2001) have asserted the existence of this gradient and have enabled its 
quantification through a direct measure of the water content of the SC layers”.5
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02 Why is skin hydration important?

Skin hydration specifically refers to cellular water content, i.e., the amount of water present 
in skin cells that causes them to expand and appear “plump”. This plumping phenomenon 
is what enables the cells to reflect light effectively leading to the appearance of a healthy 
complexion often referred to as “glow” or “radiance”. If water flows out of the cells and they 
become dehydrated, they can shrink causing skin to lose its youthful qualities and appear 
dull, tired and prematurely aged. The more serious effect from lack of hydration is that the 
SC’s barrier protection functionality becomes compromised. The myriad cosmetic issues 
that arise from poor hydration include but are not limited to:

• Increased or accentuated fine lines/surface wrinkles
• Tightness 
• Itchiness 
• Appearance of sunken eyes 

Moreover, skin that is well-hydrated is less sensitive to irritants and more resistant to 
germs that can slip through the SC and its lipid barrier as compared to when the skin 
lacks moisture. Reduced barrier functionality on the part of the SC can lead to numerous 
dermatological issues such as:

• Increased permeability 
• Accelerated trans-epidermal water loss (TEWL)
• Lowered resistance to bacteria and pollution
• Reduced lipid concentration
• Increased susceptibility to eczema and other skin disorders



04

Chapter: Corneometer 

03 How is skin hydration measured?

While numerous techniques can be used to measure skin hydration, the current gold 
standard in the cosmetic industry involves the use of a Corneometer. The name comes from 
the fact that it measures moisture content within the Stratum Corneum. The Corneometer 
measures skin hydration via a specifically engineered evaluation of skin capacitance. More 
particularly, the evaluation involves determining the skin’s dielectric constant, which is 
measured indirectly by measuring the capacitance of the skin and its water content. But 
what is capacitance

Figure 3: (left) water molecule polarization and (right) material polarization when an 
electric field is applied.

Let’s go back a few steps.  Electric polarization refers to the separation between the center 
of a positively charged particle and the center of negatively charged particle within a 
substrate. This separation can be facilitated by a sufficiently high electric field and the fact 
that positive and negative electric charges are attracted to opposite electric fields with 
negatively charged particles being attracted to the positive side of the electric field source, 
and the remaining positively charged particles being attracted to the negative side of the 
electric field source. Hence, when the molecules that comprise a dielectric material are 
placed in an electric field, their negatively charged particles separately slightly from their 
positively charged cores. Water molecules (H20) are inherently polarized (see figure 3 
left) because the oxygen atom has a slight negative charge, and the hydrogen atoms have a 
slightly positive charge. When it comes to water molecules, they are inherently polarized 
(i.e., they have a dipole moment) due to the interactive chemical forces acting on their 
atoms. Their inherent degree of polarization can, however, be increased upon exposure to 
an electric field which causes the water molecules to rotate into uniform, as is seen on the 
right side of Figure 3.     
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Figure 46: Effect of a dielectric material on a parallel plate capacitor

Dielectrics, a.k.a. insulators, are materials that prevent current flow, as opposed to 
conductors which facilitate current flow. When an insulator is referred to as a dielectric, 
the reason for this is because scientists want to call out the fact that the material can be 
polarized. Dielectric materials used to make capacitors are chosen based on their ability to 
tolerate high electric fields without breaking down. This allows the capacitor to build up 
charge and store energy. The dielectric constant of a material is a measure of the amount of 
charge (in the form of polarization) that can be stored in a given volume of material under 
an electric field.  A high dielectric constant means that a solvent like water can screen (i.e., 
diminish) the charges on two oppositely charged plates very effectively.  Water has a high 
dielectric constant because it can strongly polarize and nearly cancel out the effect of the 
applied electric field.

The measurement of capacitance is a relatively simple concept in electronics. Capacitors 
are best known for storing energy or as filter elements in electronics, but their use is more 
fundamental as it takes advantage of the way the fields between the electrodes interact 
with material – namely the SC and water. More particularly, a capacitor is an electronic 
component that takes advantage of the ability of electric fields to reach out across a 
material that does not conduct electricity (i.e., a dielectric material) between the plates or 
close to the gap between conductive plates as shown below. For plates that are not infinite 
or enclosed, the electromagnetic fields extend past the ends of the plates. These fields 
often referred to as fringing fields (figure 6 left) still close upon themselves running from 
one plate to the other and therefore can pick up capacitance or interact with the dielectric 
near the ends of the plates/electrodes (figure 6 right). 
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Figure 6: (left) fringing fields for a finite capacitor and (right) how fringing fields can 
penetrate a material in a capacity sensor (b)

As shown above in figure 6, a simple capacitor consists of two flat plates made from a 
conducting material such as silver, gold, copper, or aluminum, separated by a dielectric 
or non-conducting material which can be air or water.  As discussed, in the case of skin 
hydration measurements, the conducting material (the electrodes) in the Corneometer 
are made of gold, and the primary dielectric material we are measuring is the water in the 
stratum corneum.  

04 Capacitive method in detail

The capacitive sensors designed for characterizing skin hydration in the Corneometer 
are constructed using a particular type of capacitor known as an inter-digitated capacitor 
(IDC).   In this case the electrodes or plates have many fingers, so that the area/volume 
they interact with is larger and the signal is therefore larger and more stable; also, as it 
interacts with more of the SC it takes a more average measurement.   The fringing field 
exists between the fingers of each “plate” /electrode as opposed to simply between two 
parallel plates.   The top view of the sensing capacitor used in the Corneometer 825 system 
is shown below: 

Figure 7: Interdigitated capacitive sensor

The measuring probe of the Corneometer 825 consists of an interdigital grid of gold-
covered electrodes as shown in Figure 7. The active part of the electrode covers a surface 
of 7 × 7 mm. The electrodes are 50 μm wide with an interdigital spacing of 75 μm. The 
electrode is covered by a low dielectric-vitrified material with a thickness of 20 μm. The 
total probe surface area is 0.95 cm2   7
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A cross sectional view of part of the two IDC electrodes is shown below in Figure 8 
including where the strongest part of the fringing field resides and how deeply it penetrates 
the SC.  The thin layer of glass noted as the “glass separator” in the figure both protects the 
IDC and spaces the field for appropriate depth penetration.  

Figure 8: Functional diagram of Corneometer measurement probe

As mentioned, in skin hydration measurements the target “dielectric” that is preferentially 
sensed is water. It has been noted, however, that there is a difference in the effective 
dielectric constant between water residing freely in the skin and water bound to keratin 
in the skin. More generally speaking, the water in the SC has been divided into free water, 
and molecularly bound water often referred to as “bulk”. Irrespective of this fact, the 
basic properties of water (e.g., dielectric constant) enable the capacitor to sense the water 
content more than an order of magnitude more strongly than the surrounding tissue. The 
dielectric constant of water is approximately 81, whereas the dielectric constant of the 
tissue is about 7. This is one reason why this method of measuring skin hydration is accurate, 
at least in a relative sense.  
  
The inter-digitated capacitor (IDC) on the Corneometer is carefully designed with respect 
to the size and separation of the electrodes. This careful choice of aspect ratio in the design 
enables the IDC to create an electric field (fringing field) which penetrates 10 µm to 20 µm 
below the surface of the skin (the estimated depth of the SC). This makes the measurement 
quite specific in location and therefore helps exclude moisture at deeper levels in the skin 
(like the epidermis). The capacitive measurements record both the capacitance of the IDC 
and that of the SC below the sensor. The sensing is accomplished using an alternating 
electric field at carefully chosen frequencies, as they effect how sensitive it is to many 
common topicals that increase the conductivity of the skin. The Corneometer 825 employs 
frequencies between 0.9 MHz and 1.2 MHz to identify the skin hydration uniquely as a 
function of ambient temperature and skin hydration. Specifically, it is apparently possible to 
measure the same dielectric constant under different conditions when a single frequency 
is used. The frequency band is higher than used previously (e.g., Corneometer 820) as this 
band provides more immunity to detection error in the presence of conductive materials 
and the field and measurement are digitized to avoid noise issues. The Corneometer 
provides, as all other electrical methods, an indirect measure for hydration of the stratum 
corneum and no absolute values of water (percent nor weight of water per volume) are 
given. The arbitrary units (a.u.) do not correspond to electrical capacitance units (Farad). In 
electrical engineering/physics capacitance is not frequency dependent. The mathematical 
relation between the Corneometer 825‘s arbitrary units of capacitance hydration and the 
amount of water is not linear. The instrument is scaled to provide a measurement between 
0 to 120 a.u
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It has been noted that the amount of pressure on the skin affects the moisture level. With 
this fact in mind, the Corneometer employs a spring-loaded head which holds the IDC 
and triggers the measurement around 0.8 N and tops out at a force of around 1N, thereby 
helping the user to apply the IDC to the skin with a consistent amount of pressure at each 
reading. “Significantly higher hydration capacitance measurements were observed when 
applying the digital probe (Corneometer 825) with a higher pressure on the skin surface. 
The percent increase of hydration was very high (40 %) for very dry skin, moderately higher 
(20 %) for normal skin, and low (5–8 %) for hydrated skin. Similar results were observed 
with the analog probe”7(Corneometer 820).  It is surmised that the pressure drives water 
to the measurement surface and increases the amount of “free” water, therefore increasing 
the capacitance.

While the Corneometer is considered the gold standard for skin hydration measurements 
in the cosmetic industry, it is far more expensive than the general consumer would consider 
for a home device. It is often used for comparative studies and lab-based clinical trials of 
product efficacy. Additionally, the Corneometer like most if not all electrical hydration 
measurements provides a relative, not absolute, measurement of hydration. The capacitive 
method (as well as other electrical methods) is also sensitive to the strength of binding 
between the water in the SC and the actual keratin. The electrodes (IDC) in contact with the 
skin are generally rigid which means that areas of contact with the skin may be dependent 
upon the pressure applied. Anything between the electrodes and the skin (hairs, oils, 
waxes) may affect the measurement. Conductance measurements may also be influenced 
by microscopic changes in the surface of the skin.  Many of these factors affecting the 
accuracy of the Corneometer are too subtle or technically challenging to address here in 
detail. It is, however, important to note that the characteristics of the water in the skin, 
variations in thickness of the SC, any conductivity in materials applied to the skin, as well as 
the ambient temperature and humidity during the measurement all can and do affect the 
Corneometer measurement at varying levels depending on the circumstances.

Using the Corneometer to make measurements of skin hydration is straightforward, but 
not without some need for attention to detail. The user needs to run a calibration of the 
instrument, including calibration in air, saltwater, and run checks using a thin foil to ensure 
fidelity of the penetration depth. This calibration needs to be done 2-3 times per year.  If the 
calibration is current, the user needs to follow the steps outlined by the manufacturer of 
the Corneometer and by the EE-MCO (The European Group on Efficacy Measurement and 
Evaluation of Cosmetics and other Products) to ensure the measurement accuracy. 8

According to the EE-MCO, the highest accuracy and reliability of the measurement 
is obtained when the user waits for at least 20 minutes to become acclimated to the 
temperature and relative humidity in the room where the measurement is performed, 
and the Corneometer has been turned on at least 15 minutes prior to the measurement. 
When necessary, shaving or cutting hair is recommended before starting the study. 
Several measurements at the same site can cause occlusion, which results in an increase 
in the values displayed. Therefore, it is recommended to wait for at least 5 sec before 
repeating a measurement on the same site. It is advisable to measure at least three times, 
once at each of three different but nearby sites, in order to have more reproducible data. 
Measuring failures may occur if the skin or probe surface is wet, for instance by sweating, 
or if the surface is contaminated by dirt particles, oil or grease. Cleaning of the probe is 
recommended between measurements. 9
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05 Reliability and repeatability 

The Corneometer 825 and its predecessor the 820 have been extensively studied both in 
terms of general performance as well as with respect to depth penetration, reproducibility, 
and sensitivity10. The studies include the evaluation of the performance variability at 
different physical locations on the human body and dynamic performance. The dynamic 
performance was evaluated by taking measurements with specifically induced dynamic 
changes of the epidermal water balance. This was accomplished using trans-epidermal 
water loss measurements on the forearm at marked sites and then performing a test 
known as plastic occlusive stress testing where the skin is covered in plastic under allowing 
water to accumulate in the SC and at the surface. The surface is wiped to clear any topical 
moisture, and measurements are taken of the subsequent time dependent water loss.  

The results of the performance variability (average numbers) taken on 7 patients for both 
the Corneometer 820 and 825 are shown below.

Figure 910
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While the absolute number for the capacitance in a.u. differ between the 820 and the 825, 
they both follow the same trend and are roughly in linear proportion to each other as 
shown in the summary graph below.Figure 910

Figure 1010

The summary plots in Figure 10 above demonstrate that the linearity between the two 
units engenders confidence that despite a different design using different frequencies, the 
results in a.u. give corresponding values. This gives overall confidence to the repeatability 
and reliability of the measurements. 

The post occlusion stress test results are summarized in Figure 11 and show that the 
capacitance measurements provided by both versions of the Corneometer, while 
differing in relative values, follow the same trend as a trans-epidermal water loss (TEWL) 
measurement.  
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Figure 1110

The fact that both measurements follow the TEWL measurement and each other, points to 
the repeatability and reliability of this tool in measuring skin hydration in relative units.

Additional testing has been performed by the manufacturer using the Corneometer 825 
on cosmetic materials with known and different dielectric constants.11 In this study, 5 
probes were used in succession on the same materials and the values of capacitance in a.u. 
recorded. These results are shown below.  
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Figure 1211

Given the overall need to calibrate each probe and the potential for variability in time and 
placement the results, which are better than ±5%, are meaningful. Lastly, the manufacturer 
also published a test of the penetration depth of the field of the Corneometer 825. The 
Corneometer 825 sensor was redesigned to have a low penetration depth of the electric 
measuring field into the skin surface. The determination of the penetration depth was 
accomplished with a “filter” soaked with saltwater and covered with a 5-μm polyurethane 
foil. The results showing that there is little change after 10µm-20 µm are shown below in 
Figure 13.

Figure 1311
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06 Other methods briefly summarized

Many other methods have been developed to attempt to measure and characterize skin 
hydration – specifically free and bound water in the SC and the epidermis.    The most 
common techniques can be broadly categorized into electrical methods, optical methods, 
magnetic resonance imaging (MRI) methods, and photo thermal methods, though many 
other techniques have been tried. 

Currently, the electrical methods have been found to be the most successful with respect 
to market acceptance and general use. This is likely because by utilizing this technology, the 
measurement is affordable, portable and has been proven to correlate well to water in the 
SC. Other than the capacitance/dielectric constant measurement reviewed in detail above, 
another popular electrical based method utilizes bio-impedance.  In many instances the 
apparatus used to take the bio-impedance measurement looks similar to the Corneometer 
in that they both utilize an electrode that is in contact with the SC. However, the bio-
impedance methods measure the skin hydration through the conductance/impedance 
of the skin7, i.e.,  the ability of the skin to transmit/resist the propagation of electricity, 
respectively.  This approach, while less expensive, may be more susceptible to error when 
conductive substances are present on the skin.  There are several devices currently on the 
market that utilize this principle to produce skin hydration readings. 

While there have been many optical techniques applied to the measurement of skin 
hydration, we will touch on only a few here.  Some of the optical approaches include using 
near-infrared (NIR) light for multi-spectral analysis12, speckle analysis13, NIR attenuated 
total reflectance spectroscopy14, and confocal raman spectroscopy15. 

MRI has also been used to evaluate skin hydration and the efficacy of topical treatments.  
Nuclear Magnetic Resonance (NMR) takes advantage of the magnetic properties of the 
nucleus to sense the proximity of electro-negative atoms, double bonds, and other 
magnetic nuclei nearby in the molecular structure. In practice, NMR measurements are 
acquired by placing a sample in an intense magnetic field, causing a nuclear spin that 
is aligned with the field axis. Radiofrequency waves are then used to excite the nuclei, 
resulting in vibrations or resonance perpendicular to the field axis. At the end of the 
excitation process, the induced spin begins to relax and finally returns to a state of 
equilibrium16. This relaxation (transverse relaxation rate, i.e., T2) creates the NMR signal, 
which is then used to specify the atoms and molecules of the sample in question. The 
final NMR signal can be portrayed as a spectrum of resonance by magnetic resonance 
spectroscopy or as an image using Magnetic Resonance Imaging (MRI)

It has been shown that T2 is a reasonable indicator of water content and has therefore been 
used, for example, to show the change in skin hydration under the influence of different 
moisturizers17. The resolution of the MRI in this study was fairly typical and between 
75µm and 150 µm.  So, while physically meaningful the technique’s drawbacks include the 
need for expensive equipment and resolution that exceeds the thickness of the SC quite 
significantly, thereby giving an average water content that is likely much further below the 
skin than where the moisturizer is capable penetrating to.  

The final technique that we will address here is photothermal radiometry. Photothermal 
radiometry is an infrared remote sensing technique that has been used for skin and skin 
appendages research in the areas of skin hydration, hydration gradient, skin hydration 
depth profiling, skin thickness measurements, skin pigmentation measurements, effect of 
topically applied substances, transdermal drug delivery, moisture content of biomaterials, 
membrane permeation, and nail and hair measurements18.
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