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Chapter: Skin Barrier

What is the skin barrier and what does it do?

Skin is comprised of three basic layers, the stratum corneum, the epidermis and the dermis. 
The stratum corneum, a.k.a. skin barrier, represents the outermost layer of the skin that 
literally protects the body from the outside world. The skin barrier, in turn, is comprised 
of two defensive mechanisms, a biological defense mechanism and a physical defense 
mechanism. The biological defense mechanism is known as the acid mantle (a.k.a. the skin 
microbiome). The acid mantle is a thin film that resides on the surface of the skin barrier 
comprised of a mixture of oils produced by the body and amino acids present in sweat. The 
acid mantle’s primary role is to maintain harmonious bacterial balance between the good 
and harmful bacteria that colonize the microbiome. A corollary theory to the function 
of the acid mantle that the scientific community is beginning to embrace relates to its 
role in skin homeostasis, i.e., the interaction between cells, tissues and organisms in the 
balanced maintenance and regulation of skin’s biological functions. As the name implies, 
the skin barrier’s acid mantle is acidic in nature with a pH of from about 4.5 (more typical of 
males) to about 5.5 (more typical for females). The acidic nature of the acid mantle is what 
facilitates bacterial balance and, in turn, skin homeostasis an element of which is a properly 
functioning skin barrier.

The physical defense mechanism is comprised of keratinized skin cells (a.k.a. corneocytes) 
which are surrounded and tightly held in place by intercellular spaces filled with oily 
compounds that are naturally produced by the human body (a.k.a. lipids). To help visualize 
this physical defense mechanism, imagine it being a wall made up of keratinized skin cells 
(bricks) that are locked in place by the lipid matrix (oily mortar). The acid mantle can be 
thought of as a biological “moat” that surrounds the “wall”.
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This physical defense mechanism (wall) 
serves two primary functions. One is 
to block harmful pathogens including 
bacteria, allergens, viruses, as well 
as environmental aggressors such as 
pollutants, harsh chemicals and UV rays 
from physically penetrating into the lower 
layers of the skin where blood vessels, 
nerves, and sweat glands are housed, 
along with collagen and elastin which 
are proteins that give skin its structure, 
firmness and bounce. The other, yet 
equally as important function of the wall 
is to seal moisture (water) within the skin 
to keep it adequately hydrated. It is the 
lipid portion of the wall that primarily 
facilitates the moisture-sealing function.

With regards to the lipid portion of the wall, it is comprised of various oily compounds 
naturally produced by the human body that help seal in moisture. These oily compounds 
include di-, and triglycerides, fatty acids, ceramides, cholesterol and squalene. The lipids 
form a kind of multi-layered matrix that surround the skin cells. This matrix is semi-
permeable, waterproofing and provides structure to the skin barrier by holding the skin 
cells tightly in place. It’s important to keep in mind that because the human body is 
comprised primarily of water (70%), adequate hydration is critically important to the body’s 
overall health and functioning. As the body’s largest organ, skin too must be properly 
hydrated in order to function properly. 

When both the biological and physical defense mechanisms are intact and functioning 
properly, the skin barrier is able to keep pathogens and environmental aggressors out, while 
keeping moisture needed for hydration in.

How does the skin barrier become compromised and what are 
the consequences?

As the body’s first line of defense against the outside world, the skin barrier is constantly 
under attack. Daily cleansing of the skin, coupled with periodic exfoliation, wears away 
at the biological and physical defense mechanisms of the skin barrier. For example, the 
biological defense mechanism of the acid mantle is most often impaired by the use of 
conventional skin cleansers which are generally more alkaline in nature with a pH of from 
about 10-11 as compared to the acid mantle’s more acidic pH of from about 4.5-5.5.  The 
use of such products changes the inherent pH of the acid mantle (skin microbiome) making 
it less effective at maintaining bacterial balance within the microbiome and regulating skin 
homeostasis. The same is true of the numerous other types of skin care products that 
individuals apply on a daily basis, as they too oftentimes have a pH different from that of 
the acid mantle. Hence, the use of products with a pH ranging from 4.5 to 5.5 helps to 
support and preserve the skin microbiome and, in turn, the skin barrier.

When it comes to the physical defense mechanism (wall) of the skin barrier, these same 
daily-use products, over time, wear away the cells (bricks) and lipids (mortar) of the wall 
causing cracks and gaps to form therein. Once formed, they provide a path for pathogens to 
get in, and moisture to get out. 
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Cleansers containing strong surfactants (ex. sulphates) that remove not only dirt and grime, 
but lipids as well, negatively impact the skin barrier’s lipid (oily mortar) matrix. Similarly, 
daily use skin care products that contain ingredients meant to stimulate cell turnover such 
as alpha-hydroxy acids (ex. glycolic acid) and retinol, chip away at the cells (bricks) of the 
matrix, further weakening the structure and integrity of the skin barrier.

And of course, environmental aggressors such as UV rays and pollutants also weaken and 
damage the skin barrier. These environmental aggressors cause free radicals to form on 
the surface of the skin barrier. Free radicals are molecules that are short one electron that 
renders them highly unstable and more reactive. In an effort to achieve stability (by getting 
the electrons back), they react with other molecules present in the skin causing damage to 
the skin barrier and lower layers in the process. 

Other factors that negatively impact the skin barrier include stress, lack of sleep, genetics, 
hormonal changes and of course, aging.

The consequences of a compromised skin barrier include a deterioration in skin health 
and appearance. The acid mantle/microbiome no longer effectively performs its primary 
function of maintaining bacterial balance within the microbiome, along with its other 
function of communicating with the body’s immune system via anti-microbial peptides 
(AMPs) in the event the skin barrier is overrun by pathogens.

As for the barrier’s physical defense mechanism, damage to its lipid matrix negatively 
affects its moisture-sealing capabilities resulting in a phenomenon known as trans-
epidermal water loss (TEWL). Because of the damage to the lipid matrix, moisture is able 
to migrate from within the skin to the surface at which point it evaporates leaving it looking 
dry, flaky, red and/or dull and feeling irritated and sensitive.

Failure to address a compromised skin barrier, over time, can make one’s skin appear dull, 
dry, and flaky. The formation of fine lines and wrinkles, as well as random acne flare-ups, 
are also the by-products of a compromised skin barrier. The worst-case scenario when 
it comes to a compromised skin barrier is inflammation because it can lead to a rapid 
and painful deterioration in skin integrity: for example, atopic dermatitis, a severe form 
of eczema, makes skin feel itchy and irritated; if left untreated it can lead to red, itchy, 
scaly patches forming on the skin which can crack and weep causing severe pain and 
embarrassment.

How does one go about repairing a compromised skin barrier?

The very first step to be taken in the repair process is to address the excessive water loss 
(TEWL) situation caused by the damaged lipid matrix. Moisture is critically important to skin 
health and appearance. Hence, the moisture-sealing lipid matrix must be restored in order 
for barrier repair to be realized. To facilitate restoration, products containing ingredients 
known as emollients are applied onto the skin surface. Emollients are flexible, wax-like 
ingredients that sink into the skin and fill in the gaps between skin cells that are present in 
the damaged lipid matrix. They are analogous to the skin’s natural lipids which represent the 
mortar that holds the bricks (skin cells) of the skin barrier’s physical defense mechanism 
together. By eliminating the routes (lipid gaps) by which water migrates to the skin surface 
and evaporates, excessive trans-epidermal water loss (TEWL) is successfully arrested. 
Examples of suitable emollients include fatty acid esters (glyceryl stearate), fatty alcohols 
(cetearyl alcohol), aloe vera, sunflower seed oil, ceramides, and squalene. 
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Because a compromised skin barrier invariably leads to dry, dehydrated skin, it is equally 
important to rehydrate the skin as soon as possible. While drinking plenty of water and 
keeping the inside of one’s body properly hydrated can facilitate skin rehydration since 
the body naturally directs water to the skin, there are certain types of ingredients that can 
be used to expedite the rehydration process. The most commonly used skin re-hydrating 
ingredient is a humectant due to its hygroscopic (water-attracting) properties. A humectant 
attracts water to itself from both the lower layers of the skin, as well as the surrounding 
ambient air. Hence, by applying a product containing a humectant onto the surface of 
the skin, water from both inside and outside of the body is drawn into the skin, thereby 
accelerating the rehydration process. Examples of highly effective humectants include 
hyaluronic acid and glycerin.  AHAs like glycolic and lactic acid, at low concentrations are 
also great for skin, even sensitive skin since in addition to promoting cell turnover, they also 
have humectant properties which draw water to the skin, thereby rehydrating the skin and 
assisting in barrier repair and maintenance.

Sealing of the barrier and rehydrating of the skin can be accomplished through the use of a 
gentle, yet effective moisturizer that contains both humectants and emollients. Ideally, the 
moisturizer should be both microbiome friendly and free of potent actives such as retinol, 
otherwise the product’s ability to seal and hydrate will be lessened.

Once the barrier has been resealed, and skin rehydrated, the repair process can begin. 
Simplification of one’s daily skin care routine should be exercised since over-treatment 
with different types of products is a known contributing factor to skin barrier damage. By 
exposing the skin to fewer, and only essential, skin care products, the barrier is given the 
opportunity to repair itself without needing to simultaneously deal with an onslaught of 
chemical ingredients that helped to precipitate the damage in the first place. For example, 
when it comes to skin cleansing, one should avoid the use of cleansers containing harsh 
surfactants and instead opt for gentle, pH appropriate cleansers or better yet, slightly 
acidic  cleansing oils which are ideal for removing dirt, grime and makeup in a way that 
supports the skin barrier and especially its acid mantle/microbiome. The same goes for 
gentle exfoliators, toners with small amounts of AHAs and of course, moisturizers which 
represent the staples of a simple, yet effective skin care routine.

When it comes to the repair of the acid mantle (microbiome) which 
represents the skin barrier’s biological defense mechanism, recent 
studies have shown that certain fermented ingredients not only 
have less of an impact on microbiome balance but, depending on 
the specific type of ingredient used, help reinforce it. For example, 
biotech-based antimicrobial peptide preservatives derived from 
the fermentation of lactic acid (lactobacillus fermentation) have 
been found to not only effectively destroy pathogenic bacteria 
that grow within a product to prevent product spoliation, but also 

support bacterial balance within the microbiome. By using products containing fermented 
preservatives, the microbiome remains properly balanced leaving the skin healthy and 
protected against harmful pathogenic bacteria. In short, fermented preservatives appear 
to be superior to their synthetic counterparts (ex. parabens and phenoxyethanol) when 
it comes to microbiome diversity and maintenance. Consequently, products that are 
MyMicrobiome™ certified are highly recommended.

1 Normally, oils are not considered to have a pH as they are water-free, but based on the amount of free fatty acids present in oils, 
one can measure an acid value [AV], when the oil is combined with water, such as in a washing scenario.
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Next, because a compromised skin barrier invariably leads to some degree of skin 
inflammation caused by the barrier’s inability to keep moisture in, and pathogens out, 
it is important that it be immediately addressed. Doing so not only inhibits further 
inflammation-related degradation from occurring, but also provides a stress-free 
environment for the skin barrier to repair itself. Thus, the use of products containing 
ingredients with immuno-stimulant and analgesic (i.e., pain relieving/soothing) properties 
is highly recommended to help heal and soothe inflamed skin. 

However, while the use of products with anti-inflammatory properties is necessary for 
treating inflammation and facilitating barrier repair, it is equally as important to address 
the issue of reactive oxygen species (ROS) which comprise both free radicals and non-
free radical oxygen intermediates such as hydrogen peroxide (H2O2), superoxide (O2•-), 
singlet oxygen (1O2), and the hydroxyl radical (•OH), as their presence also leads to skin 
inflammation and barrier deterioration. 

More particularly, free radicals/ROS are formed when sunlight (UVA/UVB/IR rays) and 
environmental pollutants (smoke/car exhaust/micron-sized metallic particulates) 
contact the skin. It should also be noted that certain studies have indicated the potential 
for free radical/ROS formation caused by high energy visible light (blue-violet light from 
TVs/computer screens/cell phones), although further research is needed to confirm 
this phenomenon (it is presently believed that blue light probably contributes through 
superoxide but not singlet oxygen ). Free radicals, when present within a biological setting 
such as the skin, cause a flow of electrons from one molecule to another. The importance 
of this process lies in the reactivity of the molecules involved. Under normal conditions, 
electrons orbit around atoms in pairs, having opposite spins. When an atom has a single 
unpaired electron, its reactivity increases markedly, at which point it is referred to as 
a free radical. In a biological setting, free radicals can be very harmful since they react 
indiscriminately with neighboring molecules. This process of electron stealing leads to a 
destructive phenomenon known as oxidative stress which, if left treated, can wreak havoc 
on not only the skin’s barrier but its lower layers as well where collagen and other skin 
structuring compounds reside. If these reactions are numerous, they can result in extensive 
cellular damage. The extent of this damage depends on the availability of neutralizing 
antioxidant defenses since these specialized molecules preferentially react with free 
radicals, thereby neutralizing them.

2 https://europepmc.org/article/med/28315451
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4337113/
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The human body naturally produces antioxidant molecules that scavenge for, and 
neutralize, free radicals and ROS. However, when the skin barrier becomes compromised, 
the body’s natural antioxidant defenses are rendered inadequate against free radical 
overload. It should also be noted that as a person ages, their body inherently produces 
fewer natural antioxidants, thereby further exacerbating the free radical/ROS situation. 
Hence, in order to assist the body in its defense against free radicals and the damage caused 
by oxidative stress, the use of products with broad spectrum antioxidant functionalities, 
i.e., having both hydrophobic (oil/lipid soluble) and hydrophilic (water soluble) capabilities 
is required. Hydrophobic antioxidants, because they are oil/lipid soluble, can scavenge and 
neutralize free radicals found in the lipid matrix of the skin barrier. Hydrophilic antioxidants, 
because they are water soluble, are capable of scavenging and neutralizing free radicals 
present within and just beneath the skin barrier, wherever skin-hydrating water is present. 
Hence, the use of products with broad spectrum antioxidant properties is strongly 
recommended to help facilitate both the repair and maintenance of the skin barrier by 
inhibiting oxidative stress.

How do I know which product to choose for barrier repair and 
maintenance?

Since each person’s skin type is dependent on so many different factors 
such as genetics, diet, overall health, age, and the like, there really is 
no guaranteed way of knowing, in advance, whether the ingredients in 
a particular product will provide their intended benefit. As a result, a 
certain amount of trial and error is oftentimes required when selecting 
products/ingredients that are right for one’s particular skin type. That 
being said, there are scientific testing methodologies recognized by the 
dermatology community, that serve to validate the effect of certain 
ingredients on the skin and its barrier. Clinical testing on actual human 
skin, a.k.a. in-vivo testing under the supervision of a dermatologist and 
using a test instrument that produces quantitative measurements, is 
the most trusted way of assessing whether a product does what it says 
it does.

One of the most clinically recognized methods for deducing the 
health and functioning of the skin barrier is to measure the amount 
of trans epidermal water loss (TEWL) experienced by the skin, which 
is a corollary to skin’s ability to retain water. TEWL represents the 
most objective way of assessing a person’s barrier function. TEWL 
represents the quantity of water that passes through the skin 
barrier and evaporates from its surface. B. A certain degree of water 
evaporation occurs naturally due to normal skin metabolism. However, 
once the skin barrier is damaged, water loss via evaporation increases 
dramatically. In order to ascertain the degree of water evaporation/
loss both before and after application of a skin barrier treatment 
product to determine its efficacy, use of a Tewameter® is considered 
the gold standard by the dermatological research community. The 
Tewameter® device measures water evaporation at a precise location on 
the skin, over a predetermined period of time, via a probe with sensors 
that detect changes in water vapor density, thereby objectively and 
quantitatively assessing skin hydration/moisturization levels.  Specifically, the Tewameter® 
probe measures the density gradient of water evaporation from the skin by utilizing two 
pairs of sensors, one for measuring temperature and the other for relative humidity. 
These measurements are performed in a hollow cylinder, a.k.a. “open chamber” in order to 
eliminate any influence from the external environment.
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In short, TEWL represents the amount of 
water that passes from within the skin, to 
the barrier surface, where it then evaporates 
into the environment. A person who has 
a low level of TEWL is considered to have 
a properly functioning skin barrier since 
moisture is unable to easily escape into the 
environment rendering it hydrated, plump 
and radiant, i.e., healthy. Conversely, a high 
level of TEWL means that moisture is easily 
escaping through the skin leaving it dry and flaky which, if left unattended, can lead to 
cracking, peeling, redness and sensitivity, i.e., inflammation. Failure to address this issue in a 
timely fashion can lead to premature aging and deterioration of the skin.

Yet another scientific method for ascertaining the health of the skin barrier involves the 
use of an instrument known as a Squame Scan®. Skin’s barrier function is directly related 
to the amount of carbonylated protein present within the stratum corneum. The more 
carbonylated protein there is in the stratum corneum, the less effective is its barrier 
function, and vice-versa. The reason for this is because carbonylated protein formation is 
considered a biomarker for free radical/(ROS)-mediated alteration in the skin which affect 
its mechanical properties and moisture functions, including water content and trans-
epidermal water loss. Carbonylated proteins are a by-product of free radical-induced 
damage in the skin and, like free radicals, are typically formed when skin is exposed to UV 
rays, pollutants and violet-blue light. Hence, a decrease in carbonylated protein levels 
within the stratum corneum corresponds to a decrease in free radical-induced damage. This 
decrease in damage allows the skin to restructure leading to an improvement in the skin’s 
barrier function. This scientific method involves applying specially designed tape onto the 
surface of an individual’s skin and then removing it. Upon removal, dead skin cells taken 
from the stratum corneum stay adhered to the strip. The Squame Scan® then measures 
the amount of carbonylated protein present in the skin cells on the tape to ascertain the 
stratum corneum’s barrier function, i.e., how well it’s performing its job of preventing the 
passage of unwanted external aggressors into the body, as well as the escape of moisture 
out from the body. Therefore, if there is a decrease in the amount of carbonylated protein in 
the stratum corneum following application of a product, this shows that the skin has been 
restructured which is a sign of skin barrier healing.

Another scientific method for evaluating skin barrier health is corneometry, that measures 
skin hydration. The method involves use of an instrument known as a Corneometer® 
which uses a capacitive sensor to measure the amount of electricity conducted by the skin 
(i.e., the skin’s dielectric constant). Since water is known to be an excellent conductor of 
electricity, the more water present in the skin, the greater its dielectric constant and the 
greater the capacitance measured.  Hence, capacitance correlates directly to skin hydration. 
Because a healthy, properly functioning skin barrier requires that it be adequately hydrated, 
this instrument is also quite useful for skin barrier evaluation.

Yet another way of assessing skin barrier health is to measure skin desquamation. Skin that 
looks and feels flaky/scaly is a sign that it is overly dry and not adequately hydrated. By 
using a device known as a D-Squame®, a transparent adhesive tape is applied onto an area 
of skin to be analyzed which results in samples of squames (skin cells) being collected and 
then quantified by image analysis using specialized software. If the skin barrier is healthy 
and functioning properly, fewer squames will be collected by the adhesive tape. This is 
because a properly functioning skin barrier anchors the skin cells within the barrier’s lipid 
matrix making their collection/removal by the tape more difficult. Conversely, if a greater 
number of squames are collected by the tape, this shows that the cells of the stratum 
corneum are dry, flaky and not sufficiently anchored within the lipid matrix, thus evidencing 
a poorly functioning barrier.  



08

Chapter: Skin Barrier

Moreover, the device possesses additional capabilities for assessing skin barrier 
health through its use of light at a wavelength of 850 nm which enables it to measure 
carbonylated protein content within the squames which, as was mentioned above, this 
protein interferes with the ability of the skin barrier to repair/restructure itself. Hence, 
a decrease in carbonylated protein content within the squames is yet another data point 
evidencing skin barrier repair. By taking these measurements both before, and after, product 
application, one can see what, if any, effect the product has with regards to skin barrier 
repair.

Next, a device known as a Dermascan® is used to measure the thickness of skin. It does so 
by emitting an ultrasound beam that generates a two-dimensional image of the dermis 
and epidermis with these images being used to measure skin thickness. Here too, a 
properly functioning skin barrier will enable skin to retain its maximum thickness, thereby 
reinforcing its protective capabilities against external pathogens and environmental 
aggressors.

And lastly, a cutting-edge camera capable of capturing images in Ultra High Definition 
(UHD) known as a C-Cube is used to assess a person’s skin in order to identify its strengths 
and weaknesses. It does so by evaluating skin pigmentation, pore size, sun damage, texture 
and the presence of wrinkles. A UHD picture of an area of skin to be analyzed (ex. cheek or 
forehead) is taken, after which a quantitative analysis and assessment is performed using 
proprietary hardware, software and algorithms. Superior metric and color standardization 
of the device, coupled with 3D reconstruction of the skin portion being evaluated help to 
facilitate an accurate assessment of the health and functioning of an individual’s skin barrier, 
a determination as to whether it requires repair and reinforcement and what, if any, effect a 
treatment product has on the skin barrier.

The complexity and importance of an individual’s skin barrier when it comes to the 
health and appearance of their skin cannot be overemphasized. This is based on the fact 
that in addition to keeping pathogens and external aggressors like damaging UV rays 
and environmental pollutants from penetrating into the body and moisture/water from 
escaping out from the body, it also helps skin to maintain homeostasis, i.e., biologically 
function in a stable manner. Once the barrier is compromised, making it less effective at 
performing these critical functions, it’s imperative that it be repaired and reinforced as 
quickly as possible in order to avoid greater damage down the road such as inflammation 
and skin disease. 

By conducting clinical studies using the types of scientific methods and instruments 
discussed herein, both before and after product/ingredient application, its efficacy can be 
scientifically evaluated to determine whether its performing “as represented”. The fact that 
they are performed on volunteers’ skin, within a lab environment and under the supervision 
of a licensed dermatologist, lends credibility to the results obtained. Product claims that 
are substantiated by this level of scientific rigor provide meaningful reassurance that the 
product will perform, as represented.
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