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Chapter: TEWL Measurement 1.0

01 What is TEWL 

TEWL is an acronym for trans-epidermal water loss.  The outermost 
layer of human skin, the Stratum Corneum (SC), acts as a barrier for 
moisture loss while keeping foreign microorganisms in check.  TEWL 
is the most widely used measure for evaluating the integrity and 
functional performance of the skin barrier.  Specifically, instruments 
that measure TEWL quantify the amount of water lost from our 
bodies by diffusion across the SC.  The average amount of TEWL in 
humans ranges from about 300–400 mL/day. It should be noted, 
however, that this amount can vary due to environmental and intrinsic 
factors. For example, in humid environments, the amount of water 
loss decreases because of the presence of moisture in the ambient air. 
Conversely, in dry environments, the amount of water loss increases. 
TEWL varies across the human body and is inversely related to the 
corneocyte size and glandular densities.  Because glands are unevenly 
distributed around the body, with the lowest densities found on the 
lower limbs, and the highest densities on the soles of the feet and the 
palms, the body loses most of its water through the hands and feet1.

02 Why is TEWL important?

TEWL is typically measured to assess and quantify the skin’s barrier 
function. As the largest organ in the human body responsible for 
keeping our hydration levels stable and for protecting us from 
bacteria, viruses, and poisons, it is important to periodically assess 
its health and how well it’s functioning. It is well known that the 
stratum corneum prevents TEWL and hydrates corneocytes in order 
to facilitate skin desquamation (the natural process in which skin 
cells are created, sloughed away, and replaced) and maintain its 
effective barrier characteristics. The water acts as a plasticizer that 
imparts an elastic property to corneocyte proteins. When skin is 
deprived of water, the corneocyte proteins become more fragile 
and the skin tends to crack when subject to mechanical stress.  In 
those instances where the skin is irritated or suffers from psoriasis, 
the natural barrier of the stratum corneum becomes compromised 
with an attendant decrease in skin hydration and increase of TEWL. 
TEWL is also a sensitive indicator of skin irritation and is widely 
used in objective analysis of a topical skin care product’s irritancy 
potential and/or protective capabilities. Although a controversial 
topic amongst experts, the consensus appears to be that older 
adults inherently experience a lower level of skin hydration and an 
increased level of TEWL. 2 Skin conditions such as atopic dermatitis, contact dermatitis, 
psoriasis, and ichthyoses, are all associated with a compromised skin barrier that eventually 
leads to elevated TEWL3,4. Additional causes of increased TEWL relate to skin’s exposure 
to, and contact with, cleaning agents, topicals, and other chemicals that disturb the lipid 
layer of the skin barrier. More particularly, skin cleansers are designed to remove unwanted 
materials from the skin such as dirt, oils, and sebum. Unfortunately, the use of harsh 
surfactants present in such cleansers damages the skin barrier, thereby increasing the 
skin’s susceptibility to environmental sources of irritation and sensitization which lead to a 
reduction in skin moisture and smoothness.
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Charged surfactants, such as anionic and cationic surfactants, are the most aggressive. 
Sodium lauryl sulfate (SLS), present in many personal care cleansers, is a harsh surfactant 
that, given its small hydrodynamic radius, is the only surfactant that can dissolve the 
intercellular lipids and disrupt the lipid bilayer of the skin barrier. Charged surfactants 
adsorb skin proteins, causing them to denature and swell. The extent of protein 
denaturation is dependent on the surfactant monomer concentration and exposure time. 
As surfactants denature skin proteins, enzymatic reactions that control desquamation, 
inflammation, and oxidation processes are negatively impacted. The resulting enhanced 
barrier permeability leads to skin dryness, roughness, cracking, and inflammation.  
Surfactants also negatively impact skin’s hydration properties because they also remove 
skin’s natural moisturizing factors (NMF). More particularly, water binds to intracellular 
hygroscopic and hydro-soluble substances that reside in the stratum corneum known 
as natural moisturizing factors. Research has shown that when isolated human stratum 
corneum is exposed to 1% solutions of soap, alkyl sulfate or alkyl benzyl sulfonate, these 
surfactants reduce the ability of skin cells to absorb water from the atmosphere, i.e., 
ambient air. The cells inability to attract and retain water is correlated with the loss of NMF. 
A similar correlation has been found with natural saponified soaps and mild synthetic 
surfactants using confocal Raman spectroscopy5.

Moreover, elevated water temperature can further increase the irritant capacity of skin 
cleansers by causing increased absorption of the cleanser by the skin, which translates 
into even greater removal of the skin barrier’s protective lipids. There is also evidence 
that prolonged contact with water can also negatively affect skin barrier function. In 
addition to eliciting responses such as erythema, inflammation, and intense dermatitis, 
excess water exposure can increase stratum corneum swelling/suppleness and weaken 
corneocyte cohesion, thereby increasing the permeability of all substances, especially 
water. Overexposure of skin to water has also been shown to disrupt the stratum corneum’s 
intercellular lamellar bilayer ultrastructure in both in-vitro and in-vivo testing. Similar to 
surfactant exposure, the swelling response was time dependent with wide intracellular 
clefts between corneocytes being observed. These studies, along with others, show 
that prolonged hydration of the stratum corneum can directly disrupt skin barrier lipids, 
leading to compromised skin. Significant water exposure also results in the loss of soluble 
natural moisturizing factors and protective lipids, paradoxically resulting in TEWL. Hence, 
persistent hydration of the skin via exposure to water, ironically, results in enhanced 
penetration of foreign substances that contribute to allergic and irritant contact dermatitis 
and changes in the normal ecological environment in/on the skin (i.e., the microbiome), 
which can lead to a deleterious overabundance of pathological organisms residing on the 
skin.6 This, in turn, further compromises the stratum corneum as a barrier and further 
increases TEWL.4 Overuse of retinols has also been shown to lead to a weakened skin 
barrier. 7,8,9,10

03 How is TEWL measured?

Interest in measuring/quantifying moisture loss from the skin has existed for over a century, 
with the first recorded attempt to measure water loss occurring in 1614.11 Some of the 
earlier noted attempts12 used “gravimetric” techniques (i.e., by weighing a test subject).  
Most TEWL measurement devices in use today are all variations on a theme using a 
measurement technique fundamentally derived from Fick’s first law of diffusion.13
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Diffusion is the movement of a substance from an area of high concentration to an area 
of low concentration. Diffusion occurs in liquids and gases because their particles move 
randomly from regions of higher concentration to lower concentration. Diffusion is an 
important process for living things because it is how substances move in and out of cells.

Figure 1.  Graphic showing the diffusion process

FICK’S LAW OF DIFFUSION CAN BE EXPRESSED AS:

  equation 1a

Or equivalently:

  equation 1b

m = MASS OF WATER TRANSPORTED ACROSS A SURFACE
t = TIME
D = DIFFUSION CONSTANT OF AIR WATER VAPOR
J = THE DIFFUSIVE FLUX
A = SURFACE AREA
p = VAPOR PRESSURE OF THE ATMOSPHERE
x = DISTANCE FROM SKIN SURFACE TO POINT OF MEASUREMENT

This equation (1a) basically states that the change in mass of water vapor(dm/dt) across 
a barrier is equal to some constants (D*A) multiplied by the change in vapor pressure in 
the atmosphere with respect to position (dp/dx).  Simply stated (1b), Fick’s first law states 
that diffusive flux (J) and 1/A*dm/dt, (flux or flux density is a vector quantity that has both 
magnitude and direction, and in this case is the mass of water vapor per unit area and time) 
relate to the gradient of the concentration, dp/dx. It is used to show that the flux goes 
from regions of high concentration to regions of low concentration, with a magnitude that 
is proportional to the concentration gradient (dp/dx = spatial derivative).  Simply put, this 
expresses the concept that a solute will move from a region of high concentration to a 
region of low concentration across a concentration gradient.
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Figure 2. Shows the qualitative relationships in Fick’s law: the top box shows a pressure 
gradient across a membrane (magenta).  The rate of diffusion of gas across this membrane 

can be increased either by increasing the area (A), reducing thickness (T), increasing the 
molecular similarity of the gas to the membrane (D), or increasing the pressure gradient 

across the gradient (ΔP). After [14]

It should be noted that the stratum corneum does not constitute a homogenous membrane 
and the model presented by equations 1a/b is an average model. One way of implementing 
a more detailed model that can consider local inhomogeneity would be to using Fick’s law 
with the driving force for diffusion of each “species” encompassed in the inhomogeneity 
being the gradient of the chemical potential for each species13, but this simplified model 
will suffice for the purposes of this note.  

Concretely, the devices use this principal to equate the change in relative humidity at 
vertical points above the skin to a change vapor pressure and therefore flux of water vapor 
across the stratum corneum. When used in still conditions, the air inside the chamber is 
stationary and the water vapor from the skin surface migrates through the chamber and 
into the ambient atmosphere by diffusion. This causes the humidity near the skin surface 
to increase, while the humidity at the exhaust orifice remains close to that of ambient air. 
This humidity gradient provides the means for measuring the flux density by the diffusion-
gradient method. This technique therefore allows for indirect measurement of the water 
escaping through the skin. It should be emphasized that this is an indirect measurement of 
water vapor escaping the stratum corneum, and that units are often arbitrary units (a.u.) or 
scaled units as it is quite difficult to provide an accurate standardization and validation to 
the measurement. 
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04 Detailed explanation of how TEWL measures function based on 
Fick’s first law 

Variations on the same basic technique are used in most common instruments employed 
for TEWL measurement today15.   

• the open chamber device (A)
• the ventilated device (a mesh on top of an open chamber)
• the closed chamber device (B)
• the closed chamber with condenser (C)

Figure 3.  The open chamber, the closed chamber, and the closed chamber with a 
condenser.  After Ref [16]

Each of these variants will be discussed in some detail below; the development of this 
technique and instrument is generally credited to G.E. Nillson.17 

The principal of measurement is illustrated using a cartoon of an open chamber device 
shown in Figure 4 below.  

Figure 4.  shows an “open chamber” device for measuring TEWL. The flux of water vapor is 
measured indirectly by application of Fick’s first law of diffusion. The top of the chamber 
can is covered in mesh for the ventilated version. The change in flux is calculated by the 

change in vapor pressure over a set distance between 2 sensors.  After [18]
05



Chapter: TEWL Measurement 1.0

The open chamber is a standard measurement device and arguably the one most commonly 
used. The design generally follows figure 1. The gradient, and therefore the basis for 
the water vapor flux, is calculated from readings from at least 2 relative humidity and 
temperature sensors with a fixed (or known) spatial separation and a fixed offset spatially 
from the surface of the skin.

 A similar variant on this is the ventilated chamber, which adds a mesh or vapor permeable 
baffle at the top to try to reduce the sensitivity of the device to changes in ambient 
conditions (e.g.: temperature, humidity, wind). It also uses at least 2 sensors to perform the 
calculations. 

Another set of variants on this theme are the closed chamber-based instruments. These 
include a simple “capped” tube and a cap with a condenser (chilled plate) at the end of the 
tube. While the methods are physically similar, they are quite different in operation.  

The closed chamber device benefit is that it is less susceptible to changes in ambient 
conditions, but the trade-off is that it cannot be used continuously. Specifically, the 
gradient that drives the diffusion of water vapor will eventually be defeated as water vapor 
collects at the top of the tube with no outlet to the ambient surroundings. The device 
needs to be purged between uses and its time of use can be severely limited depending on 
the rate of water vapor accumulation. Typically, the device cannot be used for more than 
about 30 seconds. Additionally, there is a subtle, and likely rare, significant decrease in the 
base sensitivity of this device14. Despite the aforementioned caveats, the closed chamber 
device appears to yield measurements within a 15% standard deviation of those taken with 
open chamber devices.19

Figure 5.  A closed chamber device which can have a simple obstruction at the top of the 
chamber, or it can be occluded with a chill plate. After [18]
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The TEWL measurement variant using a closed chamber with a condenser at the end 
looks like figure 2, but the tube is closed with a cold plate.  The plate is maintained at a 
temperature below the freezing point of water and therefore serves to remove water vapor 
from the tube since the water vapor becomes ice.  The cold plate is typically comprised of a 
Peltier cooler and a metal surface.  While this device can also saturate as a thick layer of ice 
forms, it can be used far longer than the classic closed chamber.   As the relative humidity 
at the chill plate is close to zero, this method does not require a second relative humidity 
sensor at that end, as a temperature sensor alone will suffice. 

Guidelines have been developed to achieve consistent and accurate TEWL measurements 
in research or efficacy studies.15 The skin area tested is an important choice for the study 
with the volar forearm being most often used in dermatological studies.   The TEWL 
measurement should not be performed less than 2 hours after skin washing and less than 
12 hours after application of a topical skin care product.  The study room should not have 
direct sunlight and should have controlled temperature (18-21C) and humidity (40-60%) 
settings.  Like the Corneometer, subjects should acclimate themselves to the environment 
for least 20 to 30 minutes prior to any measurement being made.  TEWL measurements for 
different patients should ideally be taken at the same time of day and season of the year, 
avoiding the summer months because of the potential for excessive, heat-related, water 
loss. 

The amount of water (TEWL) is expressed in g/h/m².  The TEWL instrument must be 
regularly calibrated based on the recommendations of the manufacturer to optimize 
reproducibility and accuracy. 20,21 Unfortunately, there is a lack of consensus regarding 
reference TEWL values, because both the instruments and study designs can differ widely.  
The recommendation from the EEMCO is to record baseline TEWL measurements and 
report results as a relative change. 21

Figure 6: TEWL measurement in conjunction with controlled skin barrier perturbation 
by tape-stripping is used to measure skin barrier integrity in atopic dermatitis research. 
The area under the curve for TEWL measurements made over a defined number of tape 

strippings can be used to reflect the overall integrity of the stratum corneum. AD=atopic 
dermatitis; AUC=area under the curve.  [23]07
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In addition to the use of basal TEWL that assesses native skin barrier permeability, TEWL 
measurements can also be conducted with controlled skin barrier perturbation to measure 
its integrity or strength (Danby et al., 2011). Tape-stripping is the most common method 
of perturbing the skin barrier as it removes the uppermost layers of corneocytes using 
standardized adhesive discs (D-Squame discs made by CuDerm, TX, USA). Tape-stripping 
will remove more corneocytes from a weaker skin barrier, leading to faster and greater 
disruption and, consequently, a sharper increase in TEWL with each consecutive stripping. 
Most healthy skin is desensitized to tape-stripping, i.e., healthy skin can withstand mild 
perturbation.  Diseased skin or disrupted skin with lower structural integrity, on the 
other hand, will exhibit much greater changes in TEWL. Simultaneously quantifying the 
amount of protein removed by each tape-strip disc can be used to assess the strength of 
the stratum corneum 23 A combination of the TEWL and protein data can then be used to 
estimate the thickness of the stratum corneum by using Fick’s first law of diffusion 24 

05 Reliability and repeatability 

As discussed above, the measurement provided by instruments based on Fick’s law 
are indirect and not completely standardized. Instruments generally rely on in-house 
production control by the manufacturers. Electrical recordings are an indirect measure of 
water and may be expressed in electrical  terms. In a biological context and as measure of 
water content in skin, the values are arbitrary values or units (a.u.), which are dependent on 
the specific instrument being used. No electrical instrument is validated vs direct, water-
specific and absolute values for water content in the stratum corneum. TEWL expressed in 
absolute terms in g/m2h must be taken with reservation regarding the accuracy of values.

With respect to the type of chamber used in the implementation of the TEWL 
measurement, the closed-chamber device has a decreased sensitivity to detect changes 
in the lower and middle range (up to about 45m/g2h) though apparently has a larger 
measurement range under many conditions. 

The advantage of the open-chamber design is that it can provide continuous measurements 
and over a longer operating time, as opposed to the closed chamber where the reading can 
saturate in as little as 20s in high relative humidity settings.  The closed cavity, on the other 
hand, appears to measure more quickly and as it is more immune to changes in ambient 
conditions, it can be made practically into a more portable device. 

The closed chamber with a condenser appears to address the concerns of both the open 
chamber and the simple closed chamber, but at the cost of increased complexity and 
expense.  This capability stems from the fact that the chamber is closed, but the thermo 
electric cooler acts as a “sink” or lower concentration point for the water vapor thereby 
ensuring a gradient and that Fick’s first law is always in effect.  The lack of exposure to the 
ambient surroundings allows for similar advantages as that of the simple closed chamber.  

It cannot be anticipated that 2 different evaporimeters of the same brand and 2 instruments 
of different brands measure the same. Open-chamber and closed chamber measurement 
of TEWL are not likely to show identical values since the linearity of recordings relative 
to time is not the same for the 2 types of recording. The instruments deliver pragmatic 
solutions that are best suited for comparative studies, as exemplified when studying 2 
moisturizers, anatomical site variation, young vs aged skin, diseased vs healthy skin, etc. 20
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06 Summary of alternative methods

Interestingly, there appear to be no other widely accepted alternative methods for 
measuring TEWL other than instruments based on Fick’s first law. Additional methods that 
have been suggested, but not made into commercial instruments, include measuring the 
amount of water condensed on a thermo-electric cooler (Peltier cooler) cold plate, with 
a quartz balance, in order to measure the amount of water vapor flux generated and use 
that value to calculate TEWL. 25 Another technique employs a ceramic chip carrying an 
interdigital electrode structure covered by a hygroscopic salt film that becomes hydrated 
when water vapor is emitted from the stratum corneum. 26 A final technique worth 
mentioning is one that employs a “silicon chip” mounted onto a thermo electric cooler for 
measuring the change in dew point caused by the water vapor being emitted by the stratum 
corneum.  
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