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Abstract

Biophysical propertiesf the skinvary depending on the skin loaati. Such properties
include skin structure,density of skin layers, pHemperature hydration and Trans
epidermal Water dss (TEWL)Modern technologiesand quantitativemethods allow
reading andanalysing the skin propertiesingin-vivo based analysi©Onegoal of such
analysis is partitioning the skin in areas with similar propertigsch is referredas
mapping The purpose of our studwlso the novelty of the projees mapping of the
facial skinin terms of TEWL, hydration and skin layer thickness well as measuring
the effect ofphysicalexercise orfacial skin where possible, effect of sex and agerev
also considered. TEWL was measured with AquaFluxskin layer thicknesswvas
measured withEpiscan high resolution ultrasoundmaging and skin hydration was

measured witlEpsilon

Our study reveals material difference of TEWL betw#estacial sites being analyse

the largest differensawvere notedbetween the lips and the neckwlas foundthat skin
hydration levet decreasevith the advancement of aggkin hydrationreadings reveal

larger general effect of exercise for females, and strongest effect for males observed on
the nose Skin ultrasoundmages were used in two ways. First, face was mapped in
terms of the thickness of the individual skin layers and such mapping was found to be
different for each layeiSecondly, the ifferences between the sites in terms of thickness
were quantified usingWelch test whereage was also found to be a fact@everal
Machine Learningbased classifisrof the skin locationwere also trainedwhich are

based on the crosectional image with modergpesitive outcome.

The study showed that theombhnation of TEWL, Epsilon and Egian providesiseful
information about skin health. Thetudy also showedariatiors in the values for
different facial skirsitesof several skin sampleghichwaslikely due tothe degree of
corneocyte formatiorthelipid contents othe Stratum @rneum (SC), skin temperature,

damaged barrier function, bodily health and skin blood .flow
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Chapter 1. Introduction

The demand and desire for attractiveidadeaturesis increasing among individuals
worldwide. Both males and females wish to |oatkractive andyouthful and turrto the
cosmetiandustry to achieve thidndeed, it is one of the most significant reasons for the
growth of cosmeticsmarket. Every year, the business of these industries is expanding
more and moreA recentstudy revealed that the beauiysinessndustry has grown
toarouné500 billion in 20® (Huemer & Ferran, 2019)The demand for attractive
feature® particularly the hair, neck, chin, eyes, cheeks anddlips widespread, and
facial features areonsideredhe most essential and promin@mdicatorsof expression

for both women and men.

The kini s the human bodyds | 1a86 gogeaset meterdhgga n
s k i praestive layer prevents microbes from interacting with human hefigs
facilitates bodilysensatios with respect tacold, heat, and touch. Trek i serisisivity
varies according tthe anatomical location and layer. Tiaeial skin mustappearfresh
and relaxedor an individual to appear youthfubagging of the facial skimdicatesold

age and wrinklesmay also appeat multiple anatomical facial skin sites.

The face is the firsfeature thatpeoplesee on first encountering one anothkiris
responsible for revealing n d i v iageuTad fac@l skin isalso instrumentain
revealingindividual®b emotions, habits, gender, ethnicity, and age. Pewpte engage
in unhealthyhabits such as smoking, drinking or drug abuaee more likely to have
facial skinthat appears older, as it logesfreshness andan develomlarkenedpatches

in various locationsissuesof restlessness and insommause similar problems, for
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instancepeople who have difficulty in sleeping orwho suffer from irregular sleep

patterns are more likely to hapeorquality facial skin (Alarifi, et al., 2017)

People with fresh and young faciakins enjoy higher confidencethan others and
frequently excel intheir performance at worlowing to their heightenednorale and
confidence. Likewise, meand women with healthy facial skin enjoy better mental
health and socidives and are more willing tactively participatein social activities and

gathering.

The demandfor plastic surgery and advancedsmeticscienceincreasedafter World
War I, during whichthe use ofexplosiveweaponscaused soldiers to suffeleadly
injuries and wounds. Many lost their lives during this strugglele otherssustained
severe injues including severe facial damage tham some instances, lettieir face
unrecognisableAgainst this backgroundthe need for treatmerthat would allow
soldiers toregain theirconfidence andeintegrate intcsocietyarose(Reid, 2017) The
most common damageasto the chin, nose, cheekbones and jawbone, which ddhrm
the facial structure and skifhis created anassive need for fuflace recognition
owing to the loss of bones and volun{&tone, et al., 2016Healthcarestaffs, such as
nurses, pharmacists, doctors and military surgeons, neguéred tacontribute their best
effort to improve the appearansef the affectedndividuals, who were lefvulnerable
afraid even toconfront their families (Marno, 2020) Mental and social wdiking
declineddrastically, and confidence legalleteriorated Some of the victims werkeft
unrecognsable by theirdeep woundsand injuries. They were subjected to gasial
surgery treatment® regainthe actual appearance of human skin with improved skin

structure andexture(Mitchene, et al., 2017)These treatments remediskin nutrient
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deficienciesand increagd facial blood circulation with the help of dermatological

services to nourfsthe skin and recover skin tissue.

The dteration of facial appearance due to accidents, radiation, chemical burns and fire
burns is increasingly easy to remedwith advances inscience researcHor
beautification It hascontributedin-depth and aignificant knowledgehat has helped

reduce vulnerabilityto the individual® suffering and supportsfuture science and
researchVariouscrucial standard skin structure parameexstthat definet he s ki nds
layers the hypodermis, dermis and epidermiifie epidermiss thetopmostlayer and

acts as a barrier against harm, hypodermis is the bottom layer and dermis is middle
layer.Skin type varies from individual to individuahdcan be normal, sensitive, dry or

oily. Skin drynesscan bepairful, andthe intensityof this painvaries accordingo the

extent of drynessThinning of the skincan occurprimaily due to neglect and

dehydration

The facial skincontains pores at differesttes contributing to oil and moisture efflux

(Lee, n.d.) This alsoleads to an influx of dust, dirt and pollution upon exposure to the
external environment. The size and number of skin pores at different sitefieacg

the rate of influx and efflux varies. Enlarged pore size or frequent exposure to the
environmentcan lead to blackheads. Moreover, facial skicludeshair follicles that

function as a barrier for the skiiNkengne, et al.,, 2020 he skinds barri e
against direcexposure to the external environmeinicluding sunlight, resistingthe

penetration of harmful UV rays entering the skin aneventingthe maximum impact

of hazardous effects.
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Thin skin cannotprovide perfectprotection andt can beeasily affected by hazardous
substanceqWang, et al., 2019)Besides this, the most prominent parameteat
influencesskin colar is sunlight exposuréGupta & Sharma, 2019Peoplefrom
different geographical regions and ethmésthave variable skin colos Six different
types of facial skin canebeasily detemined on the Fitzpatrick scalethich is used to

determine how skin reacts to ultra violet light or sun exposure.

1.1 Motivation for Research

Environmental and genetic factors commigninfluence the skinGs characteristics.
Dermatological science contributesgnificantly to enhancing and improvingkin
quality. These benefits also ambnsiderablyin rejuvenating the ski Drastic skin
damage can be treated with advanceermatological science, including laser
technology, micreneedling and plateletrich plasma (PRB),etc. The aim of
Dermatologyis to provide medication and analysis lteautify and maintaineepskin

integrity.

The functionality of every dermatological treatment varies and is selected based on skin
damageThis damagenaybe due to burns, exposure to acid, wrinkles, acne, open pores
or deep cuts, etc. Hydration plays a vital role in maintainthegskind éntegrity and
nourishing its cells. Indeed, it ensures the success of dermatological procedures and is
indicative of speedy recovery. How hydration affects different anatomical sites of facial
skin for its beauty, glow, freshness, rejuvenation and hebhsgbeen a kemotivating

factor in this study (Hubbard, 2019)Skin structure which is composed of different



16

layers and their parametdrassignificant impact on its physical appearantieere are
three layers of skim general Epidermis, Dermis and Hypodermisach of these layers
have theirown propertiegesponsible ofmaintaining the physical asell as internal
state of skin, for instance, colotinjcknesstemperatureandhydration level Epidermis

is the outer mosfayer that protecttuman body fronmoutside.The skin thicknessan

vary fromthe range 0.8 1.5 mm, or 0.07 0.15mm that correspontb averagethick

and thin skis. Maximum thickness can be more than 5 mm, for instance, palms and
ankles (Arda et al., 2014Age and geographical location counts variatiomsskin
measurementspf more details about facial skin measurements raadelvisedto see

(Ha et al., 2005The healthy skircontainsmore hydratiorthanthin skin which helps

skin glow andemaindess prone to dust and helatthe next sectionvery layer of skin

has been discussed in much detail along with the facts how each layer functions for skin

health and beauty.

Moreover, understanding the state of internal body organs reflected by different regions
of face is another interesting part dhis study.How the skin which is virtually
composed ofdifferent regions is affected by changes in hydration levels when
physical exercise stimulat@gernal body organd his relates how the health of internal
body organs can be reflected thfferent regions of facial skirzor this purpose a brief

introduction is given in this chapter on Traditional Chinese Medicine (TCM).

1.2 Aims and Objectives

The aims and objectives of theesenstudy on face mapping aas follows:
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I Toassesshe TEWL, the skinhydration leved and the skin layer thicknessaisdifferent
anatomical siteof facial skin

1 To determine the effect of exercise on thyeration leved of different anatomical site
of facial skin

1 Toevaluate variations hydrationwith respect tage and gender

1.3The Physiology of Skin

1.3.1Layers of Skin

The outermost layer of skin contributes to the skin tone of the hilnm@ywhich is
known asepidermisthat reflects the n d i v iskdnutank Soine speciaded cells
contribute to skin pigmesatwhich are knownas melanocytes and amesponsible for
produeng melanin in the bodythe dark colour of skin is directlgroportional to the
amount of these pigment8Beneath this waterprodéyer lies the dermis, composed of

sweat glands, hair follicles and tough connective tis§Bezorgtabar, et al., 2017)

Thes k i mtérdayedepidermis)forms abarrier between the environment and body. It
contains five layersthe stratum corneunfSC), stratum lucidum, stratum granulosum,

stratum spinosum and stratupasale. The epidermisontainskeratin and speciaed

skin cells that exhibit resilient behavior. The epidermis skin layehat is light in
appearance and thinvhich coves the soles and palmsds the stratum lucidum. The
epidermislayerthat contains granular components is the stratum granulosum, thibile

layer that has amicroscopic spiny appearance is the stratum spinogabdo, et al.,

2020) It contains desmosomdbat areconnected throughout the skin layer. The
columnar and cuboi dal cell s forthesttatbre epi d

basale(luchi, et al., 2019)The SCis the layer that shectontinuously over time. It is
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also knom as the horny layer, which is tougher its features andesemblesan

animab &orn. The continuous shedding of spes&li skin cells leads ta horny skin
structure. This | ayer functions to offer
commonly known as the brick wall, which constitutes the cell envelope through

corneocytes.

The presence of lipids mortared with the corneocytes is regperfor creating the
skin's water barrier capabilitf\westermann, et al., 2020Dn average, it takea
thickness of about 20 layers of cells.idt thick at some locations, while at other
anatomical locations, the skin laye comparatively thiner. For instance, it is
particularly thick atthe heels, while orthe eyelids, it is thimerin structure.The SC

offers protection against bacteria, toxins, and dehydration. It iockse s k i waters
content by offering resistance to water absorption or water loss. Moreover, it ensures
tha the skid structureis protectedagainstdisorders andhelpsmaintain ahealthy body

temperaturéMojumdar, et al., 2017)

1.3.2Aquaporins Facilitating Hydration

Aquaporins (AQPsjacilitate water transportation across the cell membraee Figure

1.1 Skin hydration islargdy dependent on the functionality of these proteifisey
include aquglyceroborins for glycerol and water transportaticand aim to improve

skin hydrationlevels by facilitating adequate transportatigihiagarajah, et al., 2018)
The credit for the influx and efflux of small molecules and water goes to these
aquaporins. Previously, it was assumed that water and other small molemyes

freely through the biological membranes. However, recent stindiesrevealed that the



19

biophysical propertie®f membrandead to transportation. These are meant to control
water movement across biologicaembranesand enhance areducehydration levels
depending upon the need and circumstances. Different biolagiealbranesexhibit
different permeabilitylevels with respect tomoleculesowing to their nature andhe
pore® size. The structure of thesnolecuds is selectively permeable and controls the
movement of water, small molecules and i¢Dsuticke, 2018) The water movement
depends on diffusional permeability, osmotic permeability or temperderendent

water transport thrggh pore channeléBollag, et al., 2020)

Peter Agre confirmed in 199%hat AQPs conserve water inside the tissues for longer.
Waterpreservation characteristics in the skin lead to freshness, glowng@noved skin
health. This functionhas beenobservedin mammals, amphibians, insects and plants.
AQPsplay an efficient rolen the homeostasis of cellular water. The small uncharged
molealles enjoy osmotically driveibidirectional movement through the porous cell
membranegTamma, et al., 2018Yheseuncharged moleculasost commonlyinclude

urea, glycerol and water.

Mammals typicallyhavearound.3 different types oAQP, which differwith respect to
function, tissue allocations and transportation capabilities. S&@fes are concerned
with the transportation of all uncharged moleculasluding urea, glycerolandwater,
while otherscontribute stely to watertransportation. However, theost abundant AQP
present in human beings is aquaporiA®P3) (Fenton, et al., 2020t is located in the
epidermal keratinocytes of the plasma membranéis the key transporter of both

glycerol and watér hence it is known as aquaglyceroporimdividualslacking AQP3
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exhibit low SC hydration, so they cannot keep their skin protected in a drastic

environmen{Rodriguez, et al., 20)9

Studies conducted on miceevealedthat the absence of AQR&uses the lowesC
hydrationlevels which cannot be correctedy a high-humidty environment or skin
occlusion (Abir-Awan, et al., 2019)The mice were revealed to have low legebf
glycerol in their epidermis and SC. However, their glycerol content in the serum and
dermis was appropriate. The results revealed that AQRBibutedo skin hydration at
various sites of the epidermis. The main reabatglycerolassistskin hydration is its
nature. It is an endogenous humectant and easily dfinge the epidermis and SC

through the osmotic process.

AQUAPORIN
Soo, Gene o e e
F 4 E Aquaporin =2

Figure 1.1. Aquaporins Facilitating Hydration (Labiotech, 2019)

The stratumbasale of the epidermis is the layer whichAQP3 expresses itself.

However, it declins as it approaches the stratum granulosum. The movement from the
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dermis tothe SC reflects thaleclinein AQP3 expressionA direct relatioship exists
between glycerol and SC hydration. It can be asealyusing the tapstripping

technique anthe glycerolanalysis test.

Another key technique for the determination of skin hydration is the use of a
corneometer(Nakazawa, et al., 20190\ corneometer cameasurethe level of water
content or hydration of SC at differeahatomical sites with accuracy and reliability.
The distribution of AQP3 differat different skin sitggeflecing the water gradient and
epidermal water allocation throughout the skin. AQP3 expression throughout the skin is
easilydeterminé usingimmune-histochemical analysisvhichreflects the permeability

of the membraneandconfirms the functionality level of AQP3 (Cerda, et al., 2027).

healthy epidermis contaid®QPsin the stratum basale.

Dermatologistdreatmost dry skin conditions by alteg APQ3 expressioneadingto

the potentiated mechanism of APQ3. They @rgently striving to developmportant
compoundsthat might stimulate the AQP3 channels through a pharmacabgic
approach(Proksch, 2018)This mayfacilitate enhanced skin hydration through the use
of endogenous means. Glycerol does not mesehtributeto skin hydration buglso
contributesto optimal hydration maintenancever longer periods ofime. Prolonged
hydration of the skins due to the functionality of glycerol at t#&P channels. APQ3
modulators can help develop andmprove the channels formproved functionality

(Evans, et al., 2017)
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1.4 Association of Skin Anatomy with Hydration and
Dermatology

The osmetic and aesthetic industries aoatinually improving theiknowledge about
how facial skinmight be improved, and hawevelopedhumerousefficient andhigh-
quality skincare and beautyroducts including masks, cleansers, serums, lotions, and
creams. Thesaddressskin issues and provide synergistic skin proteciigelchen, et
al., 2018jor routine careMedical aesthetic treatment protocols design more effective
appoachesaimed atestoring the features and improviskjn healthin mostprominent
areas, includinghe eyes, nose, chin, lips, forehead and chégkang, 202Q)Healthy
skin contains collagen arekhibitsexcellent elasticit. Theseproperties araffected by
the passage of time ariy damageresulting fromaccidental injuries or harm. Skin
hydration and firmness amependent orthese elements. One of the mabsneficial
acids found in human skin yaluronic acidHA), whichhelps maintain séow skin pH.
Like collagen, elasticity and other parametéhg skin begins to loséhyaluronic acid
with age Consequentlythe cosmetic industry adds this acid and several vitamins t
beauty products and cosmetidhe applicatio of theseproductsto the skin leads to
remarkable growth and nourishment. Niaaiso known as vitamin B3, is present in
cosmetic creams and lotions. Dermatolag@dsign and recommend cosmetic products
based on the individuatharacteristicof the skin (Dattola, et al., 2020)Kojic acid

improves skin tongradually over timgSaeedi, et al., 2019)

The SC of human skin varies in pH range from acidic to neuiviintenance of a pH
between these extremes offgm®tectionagainstvarious unfavarablefactors. One of

the major factors contributing to the pH of human skin is circadian rhytanmationsin
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the enzyme function of th® C &iscadian rhythm lead to pH chang@&oksch, et al.,
2020) A high TEWL valueis indicaive of a high pH. With the increased pH of ti&€,
therate ofenzymatic reaction increasdsading tdipid metabolismSyndets are highly
preferable in view of theibacteriaregulating propertiesThey also function well in
enhancing the tolerabilitprofile of human skin. People with healthy skin azbtain
optimum benefitsusing acidic syndets. Indeedyndets are also usefullgpplied to
cl eanse pat i e nsebertheidyde idiseaseflanseénrvafenshburgget al.,

2019)

The electronic instrument responsible for the determination of alkalinity or acidity of
substances is known as the pH meteilso offers the opportunityto measue skin
properties. The pH metg@rs e | s associatetl evith the electronic displ(ayallace,

et al., 2019) Theelectrode comes intwontact with the skiand theskind pH values are
displayedon the digital screenThe pH electrodemust be standardisdakefore being
used to measurskin pH. The standardised solution in whichmust be immersed

should bébetweerpH 4.0 and 7.QYe, et al., 2020)

1.4.1Face Mapping

Face mapping iarevolutionary approacto skin analysis stemming from the Chinese

belief thata n i n d iinnar Health lisrefleed in their skin. Some facts are also
discussed about Traditional Chinese Medicine (TCM) that uses face mapping to treat
internal diseases entirely different than modern face mapgirglitional Chinese
Medicine (TQM) hasevolved based on thousands years of experiments and obseyvation

in Chinese culture. TCM is deeply rooted into Chinese cultural belief system rather than
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the scientific evidence It is hard to find the numerical measuesrthdatain terms of
physical state of facial area and its links with theestditinternal body organgohnson
2002. The nmain reason that physiciatsve adopted usinCM because it is side

effect free and easy to use.

Chinesemedical beliefsystemwhich is spiritually governedassumeghe existence of
invisible forces that flow througlout human body organs connecting each with
symptomswhich are observable on facial skinTCM includes four basic types of
treatments in Chinese cultur@cupuncture, Herbs and Diet, Massage Therapy
Medical Qigong.The literature of these medications is more qualitative rather than
quantitative that cannot be codered as scientific evidenddethods used for any type

of TCM medications are derived from the combinatorial facts which are rather symbolic
than the numerical facts. For example, a symptom can be thought of as a result of a
combination of the state cfeveral body parts antthe effects of outer atmosphere.
Therefore the symbolic qualifiers are used to evaluate a symptom, for instamcgie
colour fades and the taste is dtimat could be considered as a symptom of some

internal disease.

These effectzannot bemeasured in numbersr the concerned chemical reaction in
body cannot bassessedn molecular levelHowever, some computational approaches
are usedor example, d&a analytics techniques which are applieddatebases of each
type of diseaseand herb®r formulationsused in TCM medicatiarBome of the mining
tools for TCM herbs and formulation are: MeDisco/3T, Ontology Learning System,
Compound Innovation Methodnd TCMiner.The databasesf each diseaseave been

acquired from the years of experiesc by TCM practitioners (Lukman et al.,
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2007)Other than thisTCM expert systems have been developadh a<tlectronic

Brain Medical Erudite (EBME)/Medical Expert Syste(MES), Chinese Medical
Diagnostic System (CMDS), self-learning expert system, Traditional Chinese
Medicine Sizheng Integrated Recorder and aided syndrome Differentiator-STRDI).
These experssystems use some of the computational methods, suclvesghted
summation (algebraic sum methodshtology, hybrid Bayesian network learning
algorithm, speech,facial and odor recognition algorithmfi€M diagnosisconsists of
four types of approaches; Inspection, Auscultation and Olfaction, Inquiring, and

Palpation.

Face mapping is one of the computer basedvia techniquethat canbe used with
TCM to analysethe facial signs for skin beautification or gresis of internal body
diseasesFor instancepther than the facial skin carecé&amapping has been used to
detect diseases in kidneys, lungs, blood, digestionsTle&cliterature suggests there is a
number of TCM treatment methods availabledach disease, such as, the external use
of Chinese herband some methodapplicator, dipping, ironing, smoked, acupuncture,
cut scores, knife kyu, washing Fengide TCM treatment methods are in fact different
patterns of Chinese medication which haveerb practised in yearby number
independent physicianwho have set their own standards tbe treatment okach
disease based on their own successful experiRd@mang et al., 200)8Since the aim

is to diswuss face mapping therefore TClvkatmentsand diseases amot discussed
further. One of the major aims of this thesis gives reasoning about the internal body
diseases by using dvivo methods instead of TCM. The TCM methods have

insufficient scientific proof as compared to the spésgal face mapping methods given
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in this thesis.The face mapping methods defined in thissik can be used to support

TCM.

The International Dermal Institutgontributedto the foundation of face mappinghe
fourteen significant face mapping zones distinct in features and contain their own
needs and set of potential issues. Hence, rather tharsiagatygenerally, it is anabed
in distinct zonesThe body comprises various vital organs that perfalifferent
functiors (Wegrrzyn, et al., 2017)The functionality of each organ varies fromat ofthe
othes. The quality of the r g gerfer@manceontributes tdhe facés appearance, and
face mapping is thpractice ofdiscerning theorgars 6ealth from the skion different
parts of the facen the complexion manifesting agolour, dullness, luse, or breakouts.
According to Asian and European belief systeaspects ofadal appearancesuch as
complexion and shapéave the ability to reveal everything about the inner botlyis
ancient techniqueeeks tacomprehend theeasons behindreakouts (Cowen & Keltner,
2020). Different types of facial breakouts help doctordiagnosediseases and bodily
health.Knowing how different facial zongework and what they reflecthey analge the

skin in these zones as a meansw#luating health status.

The roots of face mapping can be found in Chinese medicine and Ayurveda teachings.
Theseteachings provide@ road map indicating the underlying issues associated with
bodily health anaffering guidanceregarding the use @hinese medicinean treatment
(Yang, 2019) Nowadays, treatment protocols have beconeee advanced and utge

the latest technology to improve facial features tmtteat morbidity and frequently

facilitating diagnosidpefore the occurence of symptomgKwon, 2019)
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Today the TCM is practesl with latest software and devicH#sat help physicians
recognize symptoms on skin surface by getting the deep skin irmaageseasurements

of different parameters i,etemperature, hydration level, pH, skin thicknesd
Transepidermal Water Los6TEWL). The devices used for this purpose consists
computer programssophisticated cameras and light emitting sensors that first capture
the skin surfacand deep images and then software refimegyes to level that a human
eye or even high resolutionsual devicescannot identify thevariations in each pixel.

Some of these devices are given here:

Condensechamber system (AquaFlux, Biox systems Ltd, London, UK). It has a closed

chamber equipped with a condenser cooler to below the freezing point of water

(-7.65 C). The water vapour flux iIs determ
diffusion gradient principle. No recovery time is necessary of the controlled

microclimate.

Unventilatedchamber system. (SWE, Delfin Technologies Ltd, Kuopoi, Finland) is a
portable and battery operated device containing a Honeywell humidity sensor HIH
3605B in a closed chamber. The closgtamber conditions are created upon skin
contact with surface area of a 1 cm diameter. Measuring time is between 7 and 12
seconds. The instrument has to rest for at least 20 seconds between the measurements to
allow the eleveed RH (relative humidity) and temperature inside the closed chamber to

return to ambient.

Openchamber system. (Tewameter TM210, Courage+ Khazaka Electronic, Koln,
Germany) This system is based on the principle of the diffusion gradient in an open

chamber The gradient of the water vapor pressure is measured indirectly by two pairs of
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a combined thermistor and hygrosensor, which are mounted at two different heights
inside a hollow cylinder (height 2 cm, diameter 1 cm). The probe head is placed
horizontallyon the skin and a constant pressure is applied. Once equilibration has been
reach, measuring time is set to 45 seconds. During the whole experiment, determinations
are performed according to published standardized protocols (Farahmand et al., 2009).
OTTER Fibreoptic OTTER (FOTTER) and photoacoustic spectroscopy. The
mechanical methods include the suction cup method (Dermaflex and Cutometer) and the
torsional method (Torquemeter). In addition, magnetic resonance imaging has some
specific featuresHundrals of similar devices are given in the literature accessible

online from their company websites, or in the papers availab&ooglescholar.

Owing to theseadvancemest Chinese mediciné increasingly useébr clinical tests
including scansand various types of blood test. Doctors complement it using modern
techniques to examine the facial skin in detail for proper diagn@dssem &

Kyriacou, 2014)

Two main categories of skirexist palmoplantar skin and glabrousirskPalmoplantar
skin coves themajority of the human bodyand is vital for ensuring hydration. The
tissuesretain moisture and prevent desiccatiowingtot h i s hgdkation ébgites
Its surface texturés softanditis coveed by athick SC. Itcanwithstanddry terrestrial
environmensg owing to its potentiated surface barrigglabrous skin ighe hairlessskin
thatis present orthe soles and palms. It is unable to maintain hydration $ameing to

its inadequate surface barri@ognetti, et al., 2020)

Hydration plays a role in flushing out toxins and waste from the ,badg skin

hydration isresponsible for the optimum functionality of vital organs. It nourishes the
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skin and ensures an optimum gldkat enhances n eaftractivaiessAs t he body?d
largest organthe skin mustontendwith unfavarrable conditions to retain adequate
moisture l@els. Loss of moisture iparticularlyevident inextremeweatheror as a result

of sun exposure, morbidity, use of antibiotics, .(@mwra et al., 2020).In such
conditions,a higherwaterintakethan normalis recommendedDryness, brittleness of

the skin, cracks and wrinkles are associated with chronic skin dehydratienfacial

skin may be ejuvenatd through hydration which can combat signs of agg and
rest or e dofh emoahkana §leving propertieAs moisturein thes ki n 6 s
outermost layer is instrumentalin flushing out toxing when this skin layeris
dehydratedthe toxinsareretaired and accumula&in the skin, which leads to drastic
consequences. Carrying nutrients and flushing out toxins are the primary functions of

the outermosskin layer leading to hydratigfYonezawa, et al., 2018)

The management of skin healtfelies on anoptimum understanding of skin
characteristics. These characteristics include biophysical, chemical and physiological
parameters. The most significant biophysical features of facial skin include elasticity,
the melanin index, anthe erythema index. Moreay, it includes transepidermal water
loss (TEWL), hydration and sebum content. All skin characteristics are affected by

anatomical site, age, sex, morbidities, environmental exposure and physical activities.

Any change in skin appearance and structoey be indicative ofa disorder.Rashes
represenanearly change to the skthat resulimainly from irritation. Inflammation that

manifess asredness anidchy rashes is known as eczema.
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1.4.2Acne Face Mapping

The American Academy of Dermatology conducted a studscoéprevdence and found
that every yeaabout 50 million Americans suffer from acA&nes the most common skin
complaint and is particularly associated with major breakouts duringeémageyears
Acne face mappingas showrthat itmay erupt in various zones a result ofifestyle or
medical issues. Acnen the headis thought to indicatean abnormal, inadequate or
unbalanced diet and stress. The most significant remedy for foreheatiraakeus is
increased fruit and vegetable intakelditionally, higher water intakend adequate sleep
are also beneficial in tackling forehead acne. Chinese medicimas also revealedhat
problems can occur at the hairlinghich are most commonlthe esult of clogged pores
due to makeupise, leadindo skin problemsat the hairlinePomade acne occuas a result
of hair productuse According to Chinesmedicine, the use of netomedogenic cosmetics
and doublecleansing camprevent the occurrence ppbmade acne. The occurrence of acne
betweerthe brows is linked with dietry issueqChen et al., 2020)t maybe related tdhe
excessive consumption pfocessed foal fatty foods and alcohol. Cheek skiaffected
by externalinfluences, such as bacteria and air pollutidrom cell phonesandpillowcases,

etc., which must be cleaned thoroughly to combapatsntialskin issues.

Excessive sugar intake is linked to a high risk of acne. Acne on the jawline and chin
indicates ahormonal imbalance. During pregnancy and menstruatiamen typically
experiencehormonal imbalanceteadingto acnebreakoutsat the jawline and chin. In
females, polycystic ovary syndrome also contributes to jawline ammimg to the

production ofhigh levels ofmale hormoneg¢Chen et al.2016. Aestheticianaise face



31

mapping toidentify underlyingissues, select the appropriate treatment and recommend

lifestyle adjustmerstand dietary changes

ACNE FACE MAP

Forehead & Nose ( ,'

o Stress
e Improper digestion
e lrregular sleep
® Poor diet
® Hair conditions
(dandruff or chemical in
hair care products)
® Touching with unclean hands

Evebrow Area <

® Hair care products

@ Eyebrow or face makeup
o Ingrown hair

® Diet

o Water intake

o Gallbladder issues

Cheeks (

e Dirty pillowcase
® Makeup brushes
e Cellphone

Hairline

e Pomades
(in hair care products)

» Ears

e Stress

e Bacteria build-up

® Hormonal imbalance

e Allergic reaction to
cosmetics and hair
care products

P> Jawline & Chin

e Hormonal imbalance
e Diet

@STYLECRAZE

Figure 1.2Acne Face Mapping (Healthline, 2019)

Skin pores and oil are the two most significant parameters leading to acne. Besides this,
hormonal imbalance is thmostcommoncontributorto acnein teenagers. Oily skimay
appeargreasy and hus may | mp eonfilence lewdi Even lolottirglit svith

tissue papemay notbe effective (Tsankov, et al., 2018)Poor skinhydration levelscan
contribute to excessilye oily skin. Individuals who suffer with acne may losgerest in

their studies andexperience sociatlifficulties. Chinese face mapping deals with acne

related issueom theinitial stage (Liagat, et al., 2020)
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1.5Hydration vs. Moisturizing in Dermatology

The infusion otheh u ma n  tissudsyalddscellhrough the absorption ofioisture is
known as hydrationThe bodycan absorb moisture from the environment, sucicas

theair, orcangain it from nutrients to improve the skin. However, moising actually

refers tothe process dbcking or trapping moisture in the skin for longer, which works

as a protective barrier. Both of these addtbsssignificance of water for the skin.
These are valuable skin health parameters to help fight gigantic issues regarding
environmental damage@remature signs of agng dehydration, and dryness. Whitre

skin tissues or cells losgater contentthe cells become thinlpse their elasticity and
becomedehydrated. Moisturising helps minimishe risk of water losdy sealing
moisture inside the gk The ability toforma protective barrier on the skin and grant

smoothness to it is the key benefit of moisting.

The evaporation of moisture from the skin is natural. It normally occurs in conditions
such as exposure to unfavourabtditions, stress, nervousness, health disgrthark

of skin barrier, etcMinimal TEWL prevents excessive evaption and seals moisture
inside the cells. Skin that isflaking and peelingdue to the cold in thavinter oras a
result of the impact othemicals benef# from moisturizing(Samadi, et al., 2020)
Another complication with skin is wrinkles and fine lnehich commorty occurwith

a lackluste or dull complexion. Itindicatesthat the skin is battling hardgainst

dehydration.

Dehydration of the skin can be characterised by starved and parched cells. According to
dermatologists, the easiest and mefficient way to deal withdehydration is to

consume an adequate amount oftavaand supplement it with an effective topical
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hydratorthatdraws and binds the water molecules to the skin tis¢Geslavona, et al.,
2018) Dermatologists highly recommend products tbattain HA (hyaluronic acigl

for the improvement of skin healthat potentiats the skirés ability to hydrate itself.
Hence, it ismportant to look for ingredients in cosmetic and medicinal topical products
for better health and skincare. These advantageous ingredisntgéclude marine

extracs, honeyandaloe(Crowther, 2016)

Similarly, some highheffectivesynthetic humectants for gaining and retaining moisture
are propylene glycol, urea and glyceriand individuals should look for these
ingredientswvhen selecting their beauty producthile skin type varies from individual

to individual, hydrating ingreénts aresuited toeach skin type. These are easily soluble
in water and do not lead to clogging of pores. These products must be devoid of, alcohol
which canirritate and dry out the skin. There exmtmerousptions for ingredients and
formulae in cosméic products. Moisturiser@re available invarious typessuch as
heavier or lighterfor different skin types, owith differentformulations. For the months

of summer or spring, light lotiahor gek are recommende(Gpada, et al 2018)By
contrast,heavy formulation products with ceramides, dimethicon®éuitersand oils
work better for cold and dry weather. Thesevedual function® skin nourishment and
moisturisation Additionally, they can countact signs ofageing andpreventdamage
caused byfree radicals. According tthe renowneddermatologist, Guanche, dilee
moisturises are bestor acneprone skin. These contain more water for skin hydration,
and their oil content is negligible. Morning and night are thest times for the
application of moisturisers and skin hydrators. Apply hydration after using moisturising

creams or lotions so that the skin remains prevented from pgéleng 2018) The
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multifaceted benefits of HA for human skinare commendable. It regulatevarious
biological processesncluding immunomodulation, aninflammatoryprocessestissue
regeneration, wound healing, and skin rep&iAG remarkable tissue regeneration
propertiesand biomedical usesompel dermatologists to include it in nutricosmetic
products. The clinical evidence fbfA& high efficiency in cosmetic items leads to its
use in cosmetic products, especially for skin rejuvenaidimatangeb, et al., 2020The
most commonly used HAased formulations are implants, sesutotions, autologous

fat gels, facial fillers, dermal fillers, intradermal filler injections, creams and gels
(Aragona, et al., 2019Besidests facerejuvenating properties, it graritse benefits of
spacefilling, anti-ageing, antinasolabial fold and antwrinkle properties(Huynh &

Priefer, 2020)

1.6 Measurement of Skin Hydration

Rigid probes are usdd assesskin hydration. These devices com#ioontactwith the

skin and automatically calculate and display the hydraterl of that particular region

by computing the dielectripermittivity (dielectric constant) between water and other
substances as a standdrdelectronic engineering the devices that compute the physical
quantities are calledTransducers The device senses the physical quantity by
transforming the detectedsignals into electrical pulsegeneréed by changes into

electronic quantities such as capacitance, resistance, voltage or currentd e vi c e 0 S
internal components$-or instance,hte device gets impairments in its capacitance when
detecting the water quantity in skifhe capacitancevariatiors are measured by

different devices by different statistical formuldde most commdy usedmeasuring
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devices or skin hydration are Nova DPM 9003, Corneometer CM820, and Skicon200.
The moisture barrier of the skin is mainly responsible for locking water content inside
the skin. It is known as the lipid barriand ensures the health and hydrationtioé

facial skin.A balanced diethat containsabundantorganic foodalso helps boosthe

skinés water content. However, spicy food has the potential to lead to skin dryness.

One of the most popular corneometer devices is Epsilon. It utilises the calibrated
dielectric pemittivity scaleto measug the hydration level of different anatomical sites

of facial skin. The contact imaging of skin and dielectric permittivity of the sigdace

are measured with the helof the novel instrumentlt contains signal processing
algaithms and proprietary electronics that detect signals with the help of a s@xsor
Hashimi & Xiao, 2018) The measuring abilities & p s i Icatibmafed scale provide

the hydration level ofhe SC and TEWL.Epsilorts main differencerom various other
systems lies in the features of dielectric permittivity's linear response and calibration.
These work well in Epsilon because water contains nigiher dielectric permeability
compared to varioustherskin constituents. The relatisiip betweenpermittivity and
hydration isdirect; thereforeit gives a linear responseThe visibility of thes ki n 6 s
anatomy is necessary for thetermination of injuries, diseases d@hdconditionof the

skin. The more visible the sldnanatomyis, the more detailed and accurasethe
information it can providgLogger et al., 2019)Indeed, it is the main element that is
required for the diagreis and selection of treatment protacolhe efficient probe
easily determines the best treatment, which significantly impacts the skin and the

underlying soft tissues. One such device is known as the EPSIQA0L |
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This device workgemits) in the range of 20 MHz to 50Hz and hence enables the
dermatologist and cosmetologist to visualise skin anatomy and detedesnpmmd
diseases. Skin texture can be significamtiyprovedthroughenhaned skin hydration
(Xiao et al, 202Q)The ultrasoundmages produced by different devices vary in terms of
quality andthe detailtheseprovidewhich are numerically given in each chapterages
produced withower resolutionyield ambiguous results and hence affée outcomes.
High-resolutionimagesallow the application ofhe appropriatelevices in aesthetic and
beauty car€dWei, et al., 2018)Gauging the results obtained from different deviees
given in the next chapterss ample to select tianal devices for skin condition
diagnosis.The mages produced during facial skin analysis Epgiscan are more
accurate as discussed in chapte¥isible variance in the facial skinmay be attributed

to numerous factorsncluding medical conditions, geographical regions, gender, race

and agdJansen, Franken and Du, 2019)

All these parametemsereexcludeal from the presenstudy and consided hydration or
water content at different anatomical sites of facial skin. Likewise, various research
devices help in the analyst$ skin conditions through #depth imaging. These offer
pictorial representatianof facial skinfrom different aspects. Theutcome for each
instrument varid from those of theothes due tothe use of different techniques, the
instrumends calibration andhe instrumend functionality. Various instrumentémodes

of working alsovary. The most useful devices for measurargd analysingfacial skin

are Epscan, Epsilon and AquaFlux. All of these argendedto provide different
outcomesand conclusiors for facial analysis(Al Hashimi and Xiao, 2018)Episcan

provides details about the facial skin through the usdtcisound imaging. Aquaist
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makes it easy and swift to determine TEWL for different facial skies However,

Epsilon is thebestcorneometefor determiningskin hydration.

For the measurement of hydration leith Epsilon all participatingindividuals had
healthy skinNone of these suffer from injuries, bruises, wounds or harm to their facial

skin.

1.7 Ethical Approval

Approval for the studywas obtaned from the EthicalCommittee of Londod $South

Bank University Application Number: UREC 1412see Appendix for the approval
letter The professional aesthetic beauty clinic was approadeedbtain the
measurement results of healthy male and female particifahtiset al., 2019)Both

male and femalgarticipants were enrolled in the study with their consent, and their
confidentiality was appropriatelnaintained For each participanthe Epsilon reading

at multiple facial locations was determined and recorded carefully. The result was
detemined afer compiling the whole data using the most suitable statistical analysis
tool. Gathering the results and dealing with them was comparatively more manageable

in the aesthetic clinic's comfortable environmiterskaia, et al., 2016)

1.8 Organisation of the Thesis

The thesis is arranged s®venchaptersof which five chapters are descriptive portions
of the thesisincluding thelntroduction, Literature Review, Skin TEWL Measurements,

Skin Hydration Measurements and Skin Ultrasound Measurements. Céagptes the
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concluding remarksand the future outlook Chapter 7 summarizes the original
contribution to knowledge, whichfsllo wed by t he | puldicatomsandt he a

the bibliography.

1.8.1Synopsis of Thesis

The demand and desire for attractiveidhdeatures hascontributedthe cosmetic
markeb s t r e me n dForwas indvidual ¢coeagpsar young, their faskin of the

face must be fresh and relaxed. Sagging of the facial skin reflects old age and may also
involve wrinkles at multiple sitesndividualswith fresh and yourdpoking facial skin
havehigher confidencelevelsthan others.War can cause damagethe human body
including deadly injuries and woungdgspeciallyamongsoldiers. The most common
damage asseen taaffectthe chin, nose, cheekbones and jawbones, ingrthe facial
structure and skin. Some victims wéeé unrecognisableue to deep wands, cuts and
injuries. They were subjected to pdatial surgery treatmentbat attempted to recover
their original appearance with improved skin structure dagture This works by
rectifying skin nutrientdeficienciesand increasing facial blood cirlation with the help

of dermatological servicemmed amnouriging the skin and recovang skin tissues. The
skin layers @cussedin this thesis are the hypodermis, dermis and epidermis. The
epidermisi st h eoprsoktliayeréasd acts as a barrier for skaganst harm. It
contains pores at different anatomical sites, contributing to oil and moisture efflux.
Thesecan alsdead to an influx of dust, dirt and pollution upon exposure to the external

environment.

The size and nuaber ofpores at different sites varlgence the rate of influx and efflux

varies. It resists the penetration of harmful UV rays entering the skin andsavoid
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hazardous effects to a maximum extent. Thinning of the gkimaily occursdue to
neglectand ahydration. Thus, this thes@ms to determinghe hydration level at
different anatomical siteof the facial skin. It alsoaims todetermire the effect of
exercise on the hydration legalf differentskin sites, keeping inmind the variation of
hydrationwith respect toage and gender. It will also measdaeial skin quality at

varioussitesusingEpsilon.

Highlights of Chapter 1

In ChapterOne A | nt r o dthecdcanariomberein people are becoming more
concerned about theskinG bealth andseekingreliable skincaresolutionsis described

As more individuals are attracted to the wellbeing of their skin and health, the aesthetic
industry has grownFace mapping is the art of identifying the underlying issues in the
body from thefadal skin. They are convinced thalte face reflectsthe body's inner
condition and health. Hencéhe techniquecan be used in the aesthetic industry to
optimise elegane, appeal and younger Ia®KT he chief objective of this studyvas to

determine the hydration lewaf facial skin at various anatomical sites.

Moreover, the study is directeat visualsing the skin indepth forthe purpose of
analysing underlying issu® The method invohgethe use of the latest technology for
skin assessment. The study waenducted without anygender discrimination.
Dermatology and cosmetologgcreasinglyuse ultrasonic techniquesore frequently

for the determination of skin health and integrity. The main reason for using such
techniques for skin analysis is that ythare nonrinvasive. They visualise the skin
optimally and provide information about scars, tissue inflammation, echogenic

variations and epidermal thickness. This section will also discuss face mapygirup
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divides the human face into fourteen distinct zopeash zondeingrepresentative cd

different body organ.

Highlights of Chapter 2

ChapterTwo, A L i t er at ,0focesesRoehe iassagiatiometweenskin healthand

the diseases that can be estimated from the quality of the skithandhderlying
integrity of skin tissues. Face mapping clearly indicates the organ that is suspected of
causing prblemsin the bodybasedon the results of skin assessmehience, the
dermatologistesessedhe skin of the individual understudy and recommendsrtbst
appropriate and rational treatment fbeir complaint Giovanni and Stefania conducted

a study o evaluat facial skin thickness and echogenicity.

The parametarof agewill be analysedto determire variatiors in echogenicity and skin
thickness.The results indicatéhat the skin othe lower and upper lips is three times
thicker than the skin of the upper eyelid. The discussion will incladéudy whera
healthy Japanese women were deito determine the surface structure of facial skin
at various anatomical sites. The structurd shape of the skin pa&vill be discussed.
This section will also discussstudy that was conducted to observe the SC layer's skin

condition fortheestimation of skin hydration leve|

Highlights of Chapter 3

ChapterThree A Ski n TEWL MeeaasnmaskEWke at tvasious anatomical
sites on the facial skin. Inithstudy, nine different anatomical sites of facial skin were

included for TEWL determination. The agyef all human subjectsvere taken into
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considerationto draw the results accurately. The first segmettncerns the
determination of variance between TEWL values at different anatomical sites of facial
skin. However, the second segmentiudesa determination of the association of
TEWL with age.The highestvariance of TEWL is reflected for the neck and lip. This

will determine the highest and lowest TEWL valder lip and neck skin. Hence, the

presence of puckereskin and dehydration will bewvestigated

Highlights of Chapter 4

In ChapterFour,i Ski n Hydr at i, nE Ms dikcusse@na efrthe most
significant instruments for skin analysi§ection One includes an evaluation of
variatiors in facial skin at various anatomical sites. In the second section, the Epsilon
values for facial skin calculated before and after exercise in both geardgrsesented
According to the resudtobtainedthe undereye skin reflected the highest mdapsilon

value. However, the mean Epsilon value of lip skin was determined to be the lowest.
The mearEpsilonvalue for undeeye skin and lip skin will also be calculated in this
chapter. Skin structure and composition vary from one anatomical site to another.
According to the experimental study, the highest mean value of Epsilon will be recorded
for the eyecorner skin. The cheek and nose will alsoasessedfor their Epsilon

values.

Highlights of Chapter 5

This chapterin Sk i n Ul t r as oumn d wdelhrdastratethat rafe all tthe

anatomical sites of facial skin, the cheek has around three percent greater percentage of
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the dermis tharthe rest of the anatomical site$he chapter also provides numerous
statistical stdies based on the Welch test to determine which facial sites have similar
width of each of the three skin laygtBis can be considered a version of statistical face
mapping Finally, the feasibility to train a Machine Learnintgased classifier of the

facial sites based on the higésolution ultrasound images of the sitexs evaluated

1.8.2Prospective Exertion

The study revealed that the reaséor variation in values for different facial sksites

was the degree of corneocyte formation, lipid contentsS@, skin temperature,
damaged barrier function, bodily health, and skin blood flow. The unequal sampling for
the three methods of skin determinatioesulted in somdéimitations. Skin analysisis
promising with respect to its potential applications in determining the optimum

treatments fothe body's physiologat and pathological facter

High TEWL values areassociated with high pH valsief the skin. The main reasons for

the variations in TEWL valuginclude blood circulation through the skin, damaged skin
barrier function, skin temperature, lipid contendf different skin layers, skin
temperature and degree of corneocyte formation. The second section involved in the
determination of skin analysig/tEpsilonconsideredhe parameters of the exercige.

key limitation of the study was the inappropriate samplingtha three facial skin
determinationapproachesThe decline in collagen and elasticity leads to skin sagging.
Skin analysis willadvance cosiderablyin the near future angill provide personated
skincare to humans. Thiecreasingratio of aging, collagen breakage, skin roughness,

and wrinkleswill decline inthefuture.
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1.9 Chapter Summary

I ndi v isalfcoasci@ugness with respecttteir skin and healthas contributed to

the growth of thecosmetic industryPeople are becoming more concerned about their
skind bealth andseekthe most reliable solutiorts their beautyconcerns According to

face mapping, both are linked with each other. Face mapping is the art of identifying the
underlying issues in the body from the face. The face reflette b ody és i nner
and health. Hence, danbe used to optimise n eefegance, appeal and ymer look.

The aim and objective dhis research studyas to determine the hydration legebf

skin at various anatomical sitéhe study isalso aimed tavisualisingthe skin indepth

as a means dadnalysing underlying issues. The method invslire se of the latest
technology for skin assessment. Namasive technology is used to avoid any harm and
obtain accurate results. Various factors were taken into considet@titatermirm their

effect on skin characteristics, physiological properties ardtatiypn. The study was
conductedwithout any gender discrimination. Dermatology and cosmetology use
ultrasonic techniquesore frequentlyfor the determination of skin health and integrity.
The main reason for using such techniques for skin analysig ihéiare norinvasive

in nature.They visualise the skin optimally and provide information about skin scars,
tissue inflammation, echogenic variations and epidermal thick@esaparison ofall

these values with the standaralue can helpeveal the unerlying cause. Face mapping
divides the human face into 14 distinct zgnesth each zone representative af

different body organ.
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Chapter 2. Literature Review

2.1 Introduction

This chapter provides an general overview of skin research andnsdasurement
technologies. The experiments performed to measure hydration level, TEWL and the
observations of ultrasound are formally given in corresponding chapters. Additionally
the observations and conclusions are presented for each practical in easy ter

comprehended from the arithmetic of corresponding results.

The role ofStratum @rneum(SC)n controlling hydrationthe factorsthat causewater
loss from facialskin and instrumentshat can effectively measure water loss from the
facial skin and provide effective visusdtiors of facial skin.Hydration of the skin
preventsthe desiccation of tissued.ambers, 2006)In dermatology and cosmetology,
ultrasound eéchniques ardecoming increasinglypopularowing to their norinvasive
nature in accessing scars, tissue inflammation, echogenic oasiaéind epidermal

thickness.

AquaFlux, Epsilon and Epscan are various instrumentsed to assesthe various
physiological properties dhe skin, especiallythefacial skin whenthe specific concern

is cosmetic AquaFlux andEpsilon are skin measurement instrumentsveloped by

Biox SystemsLtd, UK. AquaFlux can be used for skin TEWheasurement&psilon

can characterisheh uman skindés physi ol ogi caensingar ame
depth(~20 micron) It canmeasure skin hydration based on the dielectric permittivity

values as the skin has different dielectric values foratiéht layer@~eldman, 2009fee

Table 2.1
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Layer Permittivity U Layer width (um)
Dermis 3.9 1000

Epidermis 3.2 350

SC 2.4 30

Table 2.1 Skin layers and Epsilon capacity of measurement

The Epsilon software displays colecwordinatedhistograms that indicate hydration

distribution for both the whole image and the region of interg&ioxysytems,

2010)Finally, Episcandeveloped by Longport IndJSA, utilisesultrasound techniques

with frequeng band20 to 50 MHz to display imagef the skid strata. Itcan detect

variatiors in skin surface thicknesanddensity through which it can indirectly measure

TEWL and skin hydration. Subtle changes in thickness, density and fluid content can be

clearly appreciate(lLongport Inc., 2012)

2.2 Skin Analysis

Skin analysis is usually caed out to determine its condition and the most suitable

treatments applicable to the observed skin structure. Conditions may include dryness,

roughness, pore structure, blackheads, bumps, &k sun damage. Before

administeringany treatment, a good deatologist will always study h e

p akini ent 0s

andits various physiologicgbarameterand then move to suggesparticular treatment

method (Gunathilake, 2009)The analysis begins by removing any partafiéace skin

that could serve as an impedimeainpleto the study oflamagedskin type, structure

and organisationTo achieve the best resultsll @articulate matter and traces of

cosmetic productshouldbe removed before the analysis bedRawlings, 2003)
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The skin is broadly divided into two types glabrous skin and palmoplantar skin.
Glabrous skin is present dhe palms and solest is also called nohairy skin. By
contrast palmoplantar skin covers most tife body and plays an essential role in
maintaining the hydration state of our skinHillebrand, 2001) It is generally
accompanied by a thick SC with a gentle and soft surface texture. It maintaigis a
surface(skin) barrier functioncompared to thelgbraus skin andsupportsour existence

in the dry terrestrial environmer{Berardesca, 2006)

2.2.1Facial Skin Analysis

The facial skin is the most delicate parttbe body as it is exposed to rough weather
conditions, sunburn, pollution and humidityhich catalyse the ageing process of the
facial skin as comparet elsevhereon the body (Chu, 2011) To develop a holistic
model for facial skin analysis, is important to consider various morphological and
visual parameters of the facial skin. A brief discussion on facial skimcisided

hereunder:

2.2.2Facial Skin Thickness and Echogenicity iDifferent Anatomical Locations

A study was performed by Giovanand Stefania to study variatienin facial skin
thickness and echogenicity with respect to different anatomical sites and age. The study
concluded that skin thicknesseasured ifmm)is significantly higher on the upper and
lower lips, chin and infraorkal regions than omhe central forehead, lateral forehead

and cheeksgiven in Figure 2.1In elderly subjects, an increase in facial skin thickness
was observed on the forehead, cheeks, lips, chin and nose, and a thinning on the
infraorbital regions, copared with younger subjects. The increase in skin thickness

values was statistically significant in the lateral regions of the forehead, upper and lower



47
lips and the nose. On the other hand, skin echogenicity was higher on the upper part of
the face (forebad, infraorbital regions and cheeks) than on the lower part (lips and chin)

(Giovanni, 1999)

3.5

2.5

2 ® Young
1.5 m Elderly

Figure 2.1 Facial Skin Thickness(mm) in different anatomical locations

Another study by Adaswused biopsy specimens at 15 facial sites identified as clinically
relevant locations: upper lip vermilion, lower lip vermilion, philtral column, chin, upper
eyelid, lower eyelid, brow/forehead, right cheek, left cheek, right neck, left neck, malar
eminene, nasal dorsum and nasal t§kin thickness measurements were evaluated by
analysis of varianceand ratios of skin thickness were calculated using the upper eyelid
as a referent site. The ratios suggested clsangermal and epidermal thickness along
with various anatomical locations. It was concluded that the relative thickness index
serval as a quantitative guide for differences in skin thickness betwed@ousareas of

the face. By using the relative thicleseindex, surgeons have a template that describes
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the nasal tip skin thickness to be approximately 3.3 times thickethhaofthe upper

eyelid (Adams, 2005)

2.2.3 Variation of Facial Skin Colour with Age, Gender and Envirormental

Conditions
Numerous studiesave focused on the relatioship between race, ethnicity and gender
andskin colour(Leung, 2002)However, there is a dearth of studies analysing the effect
of environmental concerns dacial skin coloufWei L, 2007) A study was conducted
to analyse skin colour at four facial skin sites in 409 volunteensprisin@19 males
and 190 females agediZi® years. By comparing the skin colour of Chineskviduals
living in different environments, some factatisl not exhibit explanatory power of the
skin brightening The study concluded that gender is an important factor affecting facial
skin colour. Females witan average intermediate facial skin colour tended to be fairer
than males witlanaverage slightly dark facial skin colode studyfound that age has

a significant influence on facial skin colour.

2.2.&acial PoreCharacterizations

Facial pore openirgare not typicallyobserved at a young age, but pores terimetmme
more open with ageingand do not appear to close again in eldkin as the tissue
structure around the pore keethe pore open (Inomata, 2007) Thus, thetissue
structure around the paremight affect structural immobilisation(Koji Mizukoshi,
2013) In addition, in the case of inngkin structures, the skin surface structures around
the pore might have different structures fridmse in the other skin aregdizukoshi,

2009)
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A study was performed to analyse the skin surface structure of 248 healthy Japanese
women. Subjest ages ranged from 10 to 50 years, with ~50 subjects in each decade
group. The results showed that the ratio &f plore area increased with grigiyama

Nakagiri.O, 2010)

The traditional methods of pore visualisation have limitatidisesemethodscannot
account for small and invisible porésee Figure 2.2)50 for facial poreharacterisation
a study was carried out using image analysis tohe studyfound that the mage
analysis method was able to measure pore colour, shape and orientation in addition to

size and counftacilitating aholistic study of facial pore¢Bandara Dissanayake, 2019)

Figure2.2. ImageAnalysis of Pores in the Nasal Regi@issanayake & Miyamoto, 2019)

2.3 Facial Skin Mapping

Face mapping stems from an ancirefleastherChi nes
inner health (Healthline, 201Q) Face mapping is a revolutionary approach to skin
analysisthat wasdeveloped byhe International Dermal Institute. Rather than analysing

the skin in general terms, face mapping divides the skin into 14 distinct racswith

its own set of potential problems and unique neg@dagyicalSkincare, 2012)
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The dassification of each zone is explained in tbkowing Figure2.3.

Figure2.3. Pictorial Representation of Face Mapping Zon@sogicalSkincare, 2012)

Zonsl and 3 are rseghodetheadl addset emand di g
frequently breakout in these zoneshenhigher wateiintake is recommended. Zone 2

between the eyebrows is related to the liver. Congestidinis zone indicates intake of

acohol or any food allergy. Zone 4 and 10 are related to the kidneys dars appear

red, then caffeine and alcohntake should be monitored

Zones5 and 9 indicate distress in the respiratory system. If dark circles surroursdbzone
and 8 the bodyis suffering from excessive dehydration. Zone 7 indsthe nasal

region and upper lip area. A reddened nose can indicate heightened blood pressure or
early stages of rosacea. Congestion around the upper lip can axarresult of

comedogenic lipstick or linarse

Zones 11 and 13 can breakout due to dentagsty. For women, this area is related to
the ovaries and breakagitan occur due to menstruation. In zone 12, breakouts can
indicate hormonal imbalance, possibly caused by str@sally, adrenal stress can often

lead to flushingn zone 14
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A comprehensie mathematical treatmermfiven in subsequent chaptergntnuous

colour mapping analysis of facial skin hydration, barrier function, skin surface pH and
sebum has highlighted i nter thattateunaxmectedi f f er

based omther published singipoint measurement daig.opez, 2000)

2.3.1Capacitance and TransEpidermal Loss Mapping

An observational study was conducted amafigyoung females (21.8 £ 1.1 years old)

without visual signs of photaging, all living in Pretoria (Voegeli, 2015) SC

capacitance was measured using a Corneometer CM825 and basalwds/dissessed

using an AquBlux AF200on 30pr edef i ned sites on jtabe | ef"

shown inFigure2.4.

Figure2.4. Thirty predefined sites for Skin Mappin@/oegli, 2019)

Although a certain level of heterogeneity was expecthd complexity of facial
hydration and barrier properties was surprisiagFigure 2.5 illustrates Remarkable
skin hydration and TEWL gradients were observed. On some areas of the face, subtle

differences were found, particularly in the Chinese subjdotg in others, steep
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gradients were observedwithin short distances.Related mathematical modegls

observationsind analytics are given in next chapters.
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Figure2.5. Interethnic Skin and Capacitance Mappifgoegli, 2019)

2.32Study of Moisturising Using Skin Mapping

Moisturising (hydration level) is measured adietectric constant of the skinrhe
measurement time is short at only 1 second minimizing occlusion effects. Theoflepth

the measurement is ADUMA study was performed to observe the efeof
miniaturisationon peoplefrom different ethnicities. The studgompriseda threeday
conditioning phase and a | Duningthe cordlitioniagl 28 d

phase, the subjects did not apply any dermatological or cosmetic prddudtsy the
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application phasea moisturising cream containing saccharide isomerateinamace

and glyceline was applied twice daily, onm the morning andextin the afternoon

under normal conditions of use. The evaluations on day 28 were taken at least 12 hours
after the last application of the moisturising cream. The facial mappingffefedt

subjects is shown iRigure 2.6.

Natural colour

Baseline

Post treatment

Caucasians Black Africans Indians

Figure2.6. Moisturisation Skin Mapping(Rogiers, 2001)
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No statistically significant differencesere observedbetween the ethnicities when the
overall baseline skin hydration valuggere consideredand in all subject groups a

significant improvementvas observedfter four weeks of treatmerfRogiers, 2001)

2.4 Stratum Corneum (SC)

The SC is the transpareskin layer that inhibits water loss from the facial skin into the
atmosphere. It has a barrier functittrat can be quantifiedy calculating theTEWL
measured agams of water per square meter per hour (ghtt) (Alexanderet al

2018. The water content of the SC is necessary for proper maturation and prevention
against peeling. Increased TEWL impating enzymatic functions required for normal

desquamatiarresulting n the visible appearance of dry daky skin (Bonte, 2007)

Compared with other body parts, the SC of the face is usually thinner in size and
consists of smaller layers of corneocyt@erthaud & Boncheva, 2011)he thickness

of SCalsovariesin different regions of the facéor instancenose, cheek, eyelids and
perioral regions have different SC characteristf¢agami, 2008; Tagami & K., 2003)
However, these features dotmemain stagnarttut vary according toage, gender and
demographicgYa-Xian, 1999) Lipids and corneocyte size have a direct beadnghe
barrier function ofSC. The corneocytes are produced in the lowermost SC; layer
however they are gradually transferred into the upper SC |aykere they form a
covalent bond with the intercellular lipidss shown irFigure 2.7 via the esterfication

of glutamine or glutamate residues of involucrin, periplakin and envoplakinasingp

the SE thafirmly covers their cell bodgjWang, et al., 2018)This forms a hydrophobic
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formation on the SE of mature corneocytesd intercellular lipids become well

organsed, making a significardontribution to the barrier functio(Kashibuchi, 2002)

The characteristics &C layer are not uniforracrossthe entire facial skintherefore
hydration also variesThe eyelid skin is distinct fronthe skin inotherareasbecause its

SC is composed of a poor skin surface lipid and a thin SC cell layer of large corneocytes
that brings aboud high surface hydration state and consequently a poor barrier function,
whereas the vermdn borders of the lips that are covered by an exposed part of the oral
mucosa exhibit remarkably poor barrier function antébw hydration stategKoch,

2006)
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Corneocyte

Figure2.7. Structure ofSratum Gorneum (Beeckman & Campbell, 2015)

2.4.1Functional Characterisation of SC
A functional characterisation of facial skin along different age groups can ga@Emes
indication ofthe variation of SC(Kim, 2006) The characteristics of facial skin studied

in adults appear to b@aorphologically and functionallgistinct fromthose of the skin
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elsewhere onthbody.Babi esd® skin is | ess exposed to
At birth, their skin undergoes a transformation from a fully hydrated state and later
developsan SC that is morphologically and functionally unique to each region.
Interestingly, from the datavailable so farb a b ifaeiad $C barrier function evaluated

with TEWL seems to be the best, being almost at a level similar to that of the adult
flexor forearm (Tagami, 2003)In contrast to childrere | der | vy iIS@Qcbinsists dual s
of thicker SC cell layers and shows slow turnowewell-maintained barrier function,

and a remarkably low SC hydration state if not accompanied by inflanom#kara,

1993)

Figure2.8. The SC of infant skin (a) and adult skin) (b hydrated (small blue spheres) under normal conditions.
(Telofski, 2012

Infant SC is more hydrated but also loses water at higher rates than ad(iie&ki,

2012) see Figure 2.8A study to determia the influence of ageing on biophysical
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parameters by collecting datgardingTEWL, highfrequency conductancand size of
superficial corneocytes on the chsekasolabial fold, and chirs of 303 healthy
Japanese female volunteers of different agesomaducted The results showed that the

S C darrier function was best on the cheek, presenting the lowest TEWL, which was

significantly higher on the nasolabial fold and chin than on the ql@&elss, 2016)

2.5 Factors Affecting Skin Hydration

2.5. 1Facial Skin Hydration and pH

The humanSC has a pH gradient from an acidic pH to a neutral (Bhman, 1994)
Therefore, the circadian rhythm the skin surface pH mayeflect circadian variations
in enzyme function in the huma®C. A high pH is frequently correlated with high
TEWL (Patrick, 1988) but in our studyno correlation wasbservedbetween the

circadian rhythms in TEWL and thosetbeskind pH (Yousiovipch, 1998)

An increased skin pH raises the rateenzymatic reactiorat therate of S C digid
metabolism. This might contribute to the formation of a skin bamukrch is namaly
observed. Syndets are now preferred duthéir bacteriaregulating properties aritie
s k i favousable tolerability profile. Acidic syndets are of value ef@npersons with

healthy skin and for skin cleansing in patients with sebortyeie diseases.
2.5.2pH-meter

A pH meter is an electronic instrument used to measure the acidity or alkalinity of any
substance. It can also be used to measure the aforenezhiproperties of the skin. It

consists of an electrodeat is connected to an electronic display. When the electrode
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touches the skirthepH is indicated on the electronic display. The pH electrode must be

standardised before wbsby immersionin a standardised solution of pH 4.0 and 7.0.

2.5.3Facial Skin Hydration and Temperature

The temperature of the skin is distinct frahe internal optinal body temperature of
37°C. Skin temperatures often influenced by various environmental fact@schas
circulating air, ambient temperature and humidity, wiaahcausebodytemperature to

vary significantly. The variations in the skin temperature can result in decreased or
increased chemical flux across the skBkin permeability is dependentpan the
temperature such that an increase in temperature would result in increased permeability.
Simply, high temperature triggers increased fluidisation, resulting in increased diffusion
and osmotic coefficient of drugs. Therefore, it is importantdédemine whether
different areas of the facial skin show abnormal variatieiis respect tdemperature.

For this purpose, infrared imaging technigsbsuld be usedAn InfraredThermometer

is a device that measures temperature or temperature gradierthétimarmal radiation

of the object

2.5.4Thermal Imaging Camera

Thermal imaging camerasse infrared radiation itheir operationswith the difference
that they producea temperature profile of a larger skin area, in some casegihiee
body. Thermaimagingcamera are mainly usedto seng certain characteristics ithe

environment

The transmission of infrared radiation must also be efficient. TH& H420 uses
optical fibre, a vacuum or the atmosphere for effective transmission. Moreover, optical

lenses helpto effectively converg and focus the infrared radiat®@nThis largely
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involves optical lenses made from polyethylene fresnel, qugetmaniumandsilicon.
Detecting radiation is an important process in the functioning of the camera. The

infrared detectors contribusggnificantlyto making it a reality.

The cetection of skin temperature is one main function of this camera in medicine. This
is realised using aorrinvasive netouch technique whelbg the infrared portion of the
spectrum emits heat energy. The human skin enhancesdasorality by functioning

asan excellent blackbody radiator. Thus, the thermal imaging system praalbgs

quality imageof the skin.

2.5.5Skin Hydration and Natural Moisturising Factor (NMF)

Natural moisturising factorNMF) maintains the skin in a properly hydrated state.
Adequate hydration of th®C serves three major functions: (1) it maintains plasticity o
the skin, protecting it from damage; (2) it allows hydrolytic enzymes to function in the
process of desquamatiddacobi, 1959)and (3) it contributes toptimal SC barrier

function (Serup 1992)

Due tothe positive influence on the barrier function of the facial skin, NMF decreases
TEWL. NMF components are highly efficienhécan effectively draw atmospheric
water into the corneocytes. This process can occur even at a relative humidity as low as
50 percent, allowing the corneocytes to maintain an adequate level of water-in low
humidity environmentgHorii 1, 1989). The water absorption is so efficient that the
NMF essentially dissolves within the water it has absorbed. Hydrated NMF forms ionic
bonds with keratin fikes, reducing the intermolecular forces between thedibnd thus

increasing the elésity of the SC(Wellner K, 1993)
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2.61In-Vivo Measurement of Skin Hydration

2.6.1Electrical-Based Methods

Because the lower portion of the SC can receinemple supply of water from the
underlying hydrated living epidermal tissue, it is the water content in the superficial
portion of the S@ only several microns in degihthat keeps the skin smooth and soft.

To evaluatdghe hydration of thekind surfacejt is conventionallyusng high-frequency
impedance measurements of the sfdimgami, 198Q)In contrastto capacitance and
conductance, skin impedance evaluates rdsestance of skin, which increases with
dehydration of the S@Gyer and is influenced by tre k i aor@p®sition and metabolic
activity. In capacitance and conductance measurements, the dielectric constant of water

differs fromthat ofother substances.

Thus, water is much more powerful at enhancing the capacitgapacitorjeadingto

the assumption that skin capacitance is directly proportional to skin eat&nt and

that the higher the hydration level in the SC, the higher the capacitaviakers &

Roberts, 20079f the twocomponents of higfrequency impedancéi.e., conductance

and capacitange conductance is more suitable fameasuringthe s ki n sur face

hydrated statéHashimoteKumasaka, 1993)

2.6.2Differential Scanning Calorimeter

Differential scanningcalorimety (DSC) is a thermal techniqguleat isused to determine

the energy of thermal transitions atitht permits quantification of their temperature
dependenceA typical thermogiram of the SC is composed of severadls. The first
peak is not always apparemtd can disappear if an organic solvent is added to the SC

sample due to the melting of sebacetipgls on the skid surface(Agache, et al.,
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2004) The second peak is assumedefbect the melting of hydrophobihains present

in the lipid bilayersand the third, although difficult to interpret, has been suggésted
relate to the changes imposed by heat in the -ppadein canplex between the
intercellularlipid sand corneocgtmembrané€Golden, et al., 1986Moreover, this peak

is highly sensitive to hydration, and when B€ water content increases, its transition
temperature and area are redug@€¢idan & Kellaway, 1989)The fourth and fingbeak is
thought to be linked to thermal denaturation of intracellular keratin, which is irreversible

andis also seen in lipifree SCqGolden, et al., 1987)

2.1.3 Trans-epidermal Water Loss (TEWL)

Transepidermalwaterloss (TEWL) is charactexed by the constitutive evaporation of
water thatinitiates from the deeper, more hydrated layers of the epidermis and dermis
and then moves towardee more superficial SC layer in the absence of sweat gland
activity. Measurements of TEWL are often employed in regulatory testing and to claim
support forcosmetic producttEEMCO Group., 2001)Some clainsupport parameters

for which TEWL readings have been usedude reduction oirritating skin reactions,

skin mildness, modulation of SC barrier functiangrease in skin hydration, and
protection against sun damage. TEWL can be measured through four different

mechanisms:

2.6.20pen Chamber

The open chamber mechaniénro |l | ows t he basic theory of F
the traditional method for TEWL measurements. The setup consists of a chamber made

up of two pairs of temperature and humidity sensors, placed inside a hollow cylinder.
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Commercially available instiments include the Tewameter R, DermalLgbaRd the

evaporimeter R.

2.1.5 ClosedChamber

This system is composed of humidity and temperature sensors placed in a closed
cylindrical chamber. Upon application on the skin, the relative humidity (RH%)
increases angs used to detect the rate of TEWNuutinen, et al., 2003)A popular

device of this type is the VapoMeterhich hasbeenproven through comparative
studies(De Paepe, et al., 2005 give more accurate and rapid readif@silcott &

Price, 2008)

2.1.6 Ventilated ClosedChamber

This approach follows the flow principle and measures the humidity of ambient air
flowing into a closed chamber. The closgtamber is placed onto the s&isurface

with air passing through it, which causes TEWL to be rem@Bednett, S., Jones, C.,
Matheson, J.R., 2005Air humidity is calculated before it is released back into the
surrounding, ard thus, the rate of TEWL is determined by estimating the difference in

humidity before and after contact with skin.

2.6.7CondenserChamber

This is a more recent methadherein a closed chamber contains a cold plate that
condenses moisture into ieesing a Peltier systerfzhai, et al., 2007) The system
eliminatesthe accumulation of moisture by removing it from the chamber, a problem
that normally occurs in unventilated chambers. The Biox Rlyxais an example of this

technique, which usesdiffusion gradient to give TEWL readings.



63

2.6.8Raman Spectroscopy

The use oRaman $ectroscopyRS) to examineghelateral packing and conformational
order of SC lipids is well established, as well as in evaluations of SC watdespr
(Lee, et al., Skin Res. Techno#ind determinations of lipid/protein ratio through
calculations of lipid and protein intensity peaks. A study conduntesdmmer using RS
to investigateagedependent variationsn SC hydration revealed large individual
differences in the depth profile of water content in the forearm skin of aged individuals
(Egawa, 2008)By contrast, the SC of their cheek skin retained itsnigss,as did that
of younger people, indicating that no such thickening of thed&Cursin the facial skin
even with ageing, which contrasharply withthe skinon thelower hales of thar
bodies (Janssens, et al.,, 2014% gven in the following figure The SC consists of

keratin and NMFrich corneocytes, #ipid matrix in the intercellular watefDarvin,
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Figure2.9(a) Raman spectrum of forearm skin at a depth of 8 um (male, age 27). (b) Detailed depiction of the
same spectrum in thelepth of400mn nn OY (Pawin,eb1y)3 S
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2.6.9Photothermal Radiometry

Photothermal Rdiometry, also terme@®pto-Thermal TransientEmission Radiometry
(OTTER), is a nofinvasive, norocclusive methodhat uses excitation and thermal
emission wavelengths that are strongly absorbed by the top few microns of the SC and
are specific to the spwal properties of wate(Bindra, et al., 1994)Excitation and
radiation from deeper layers of the skin do not affect measurements duestkthen 6 s
low thermal diffusivity, and the effects of optical scattering are also negligitileg to

the dominance of absorption and the low turbiditythef skin at the long wavelengths

used(lImhof, et al., 1984)

Further studies on SCydration concluded that OTTER is capable of measuring water
content at the skin surface as well athe water concentration gradient within the SC
(Xiao, et al., 2012) water status in the SC, SC thickness and SC swelling during

hydration(Xiao & Imhof, 1996)

Laser
handpiece

IR camera

IR emission

Laser beam

Figure2.10.Schematic diagram of the Photothermah&ometry setup (Majaron & Choi, 2003)
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2.7 Analysis of Instruments toMeasureSkin Hydration

The raditional techniquessuch asTEWL and ElectricatBased hstrumentsestimate

barrier function based on the 8Q@vater content and hydration state. However, it is
important to evaluate the entire intercellular structure for a detailed description of the
SC hydration state. Traditional instruments perform simpliatialygs and do nb
provide informationabout the penomenorthat is occurringat the cellular level. For

this purpose, several spectroscopic and imaging techniques have been employed in

recent years.

The @pacitance/resistaneeeasuring probes whiatketermine skin moisture by means

of skin conductivity ofimpedance are often occlusive, which can lead to inaccuracies
resulting from water buildip athe examination siteas per(Hansen & Yellin, 1972)
According to their theory of operation, the flow of electrical curterdugh the SC is
associated with its water content, but this flow is also influenced by alterations in ion
movement and by reorientation of protein dipole moméRilpatrick-Liverman, et al.,

2006) Similarly, TEWL and mecharnat-based devices havproven excellent in
highlighting theS C dismechanical nature, but nonetheless, they do not provide direct
measurements of skin hydration or barrier function and merely serve as indicators of

changes in these paramet@kblett & Burdett, 1996)

2.8 Epslon

The Epsilon is a novel i nstrument for mea

and contact imaging of the skin. Its proprietary electronics and signal processing
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algorithmsto map the sens@ nonlinear signals onto a calibrated scale for meaguri
properties such aSC hydration and TEWL. Theépsilon differs from other similar

systems€é . g. , Ski n Ch iMpisturelMa CKRTedhnolegy apdletgieim)

in its calibrated, linear response to nearface dielectric permittivity. This works
because the dielectric permittivity of wat
constituents othe skin. The linear response is important because hydration is linearly
related to permittivity. The calibration ensures consisteém@/l its instrumerg and use

cases.(Wei Pan, 2014)

Figure2.11. Emilon Handheld probe and parking standAnon, n.d.)

Hydration and TEWL Measurements

The Sd&eab csontemt can be measungingthe Epsilon (Epsilon E100, Biox, UK).

The Epsilocan measure the calibrated dielectrioc
consists of a probe of 76,800 sensors with a sensing area of 12.8 x 1& dapth

resol uti on acspdial2e8olute m a h d(IBBof, 20&Y) It can process

images without alteration from inconsistent contact, hair, nmelief andwrinkles and
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surface water from imperceptible perspiratidhe multiple sensorallow skin surface
hydrationto be mapped, taking skin relief attuke variable distribution of sweat glands

into account (Anon, 2014).

Logger conducted atudy to measure the effectiveness of Epsilon over the traditional
Corneometer. Fifteen healthy Caucasian volunteégrwgmen and 6nen; median age

26 years; range 262 years) participated in this explorative study. Hydration and
TEWL were measured for ive different anatomical sitedn this case only the

measurements obtained on the facial skeme usedLogger JGM, 2019)

Figure 2.12showsthel i t er at ur e based refer eobtained val ue
using asinglesensor @rneometer. In generatbhe singlesensor Grneometer showed

higher water content values than the Epsilon.

Study Device Population Skin Location
(Cheek)
O6 Gos hi | Corneometer CM820 53 healthy 74 (38 1
volunteers
Corneometer CM82 72(29 113
Corneometer CM810 78 (41 1

Table 2.2. Hydration and TEWL Measurem@isls
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Figure2.12. Water content at five body sites measured with the Epsildvioseket al, 2013

The E p s i Imeasubeslvater content values were lowtran thoseof conventional
corneometers as Figure 2.12 illustrates It is important to notice that Epsilon
measurement units are displayed using a ca
than an arbitrary scakes used in conventional corneomet@sbertson & Rees, 2010)

As both instrument types use the same capacitance measurement principkrethey
expected taorrelate wellhowever,in view oftheE p s i mualtisemsory character, the

sensing depth will probably be more superfitien that of conventionaldZneometers,

which make a single largeelectrical loop through the skifherefore owing to the

Epsi e kRds nrtagrapteristigsine number ofalues in one measurement can

be averagedpotentially leathg to more accurate water content valfean Logtestijn

MD, 2015)
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Figure2.13. Ultrasound Image (Biox Systems Ltd, 2014)

The main image processing technique for hydration measurement isfilter in
Epsilon,in whichthresholds can be set to remove measuremesfidett associated with
low (bad contact) and high(surface water). In Figur2.13(Left), the low dark aea
around the periphery is due to bad contaotl the high bright spotsepresensurface
water at sweat gland openings. Tha | taatian dssclearly visible in Figure 2.13
(Right), where the removed pixels are indicated by the dark and light gray far low

and high , respectivelyBiox Systems Ltd, 2014)

A pilot study was conducted to measure TEWL and skin hydragsorgéour different
instruments(Logger JGM, 2019)Water content was measurading the Epsilon, a
stateof-the-art corneometer using muliensor skin mapping technology with correction
for skin occlusive effectéZhang, et al., 2018)TheE p s i keosing depth is restricted

to the lesshydrated SC, in contrast to earlier model conventional corneometers that
measure the deeper, more hydrated epidefWis & Maibach, 201Q)this potentially
yields more accurate water content values. The Epsilon sthewmificant variations in

water content at different anatomical skin locatighsvine & Markowitz, 2018)
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however, the size of the probe head (4 cm x 3 thia)restricts measurements to Ron

recessed body parts.

2.9 AquaFlux

The AquaFlux is the teperforming evaporimeter for TEWL. AquaFlux is provided in a

rough aluminium case, complete with guidance manual, instrument identification,
alignment frill, estimation and USB link. The power packs are qualified for clinical use
tha accompany US, European and/or UK fittings and supply connectors for different

outlets.

AquaFlux, Fig 2.4, is an infrared distardetection innovation for neoontact and non
damaging surface examination of discretionary sampless used to calculate
Transepidermal Water Loss (TEWL) that is observed as flux of water thrihegh
Stratum Corneum (SCyom we Epidermis to the dry skin surfacks applications
include estimating skin hydration, skin shades, transdermal medication conveyance,
warm diffusivity, and torment covering thickness. Its primary advantages are that it is a
surface innovation bringingbaut simple profundity profiling, short estimation time,
inhumane towards shading, and spectroscopic in nature. The dark elastic plug in the
stopping repository is used to close the estimation chamber when the test is not being

used. A typical setup of AmFlux comprises the segments stated below:
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Figure2.14. AquaFluxinstrument.

The software of the product provided with the instrument runs on a Personal Computer
which can be connected through a USB connector. The software runs on latest editions
of Windows; see prerequisites of use available in the documentation. The company

provides new software updates free of cost for licensed clients.

The software product gives functions that allow estimation, adjustment, show and
capacity. All functionalities are reached by means of tabs and-dinop menus.
Information is saved consequenity Excel format viable, taisolated qualities (TSV)

design. The guidance material is-feaching, and backing is only an email away.
Condenser Chamber

AquaFIlux utilises the condenselnamber technique to estimate water vapour motion.

The figure below Isows the schematic chart of the AquaFlux estimation chamber.
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Condenser at -7.65 °C Condenser
\ (Vapour Sink)

{ Sensors for RH
0 & Temperature

} : Test Surface
iy 2 (Vapour Source)

Figure2.15. Cutout view of the AquaFlux condenser chamber.

AquaFlux utilises the condenselnamber estimation standard. This is a blend of
Nil ssondéds dispersion angle estimation st at
disruptive influence from encompassing air developments. It has the following

functionalties:

A Condenser @ 7.6°C with Fume Sink, controls the microclimate.
A RH and T Sensors are utilised to detect vapour motion.

A Skin surface is near the vapour source

The dispersion gradient is determined from the RHT sensor readingsrashehser

thermodynamics.

Properties of device

1 It has the highest repeatability, precision and affectability.

9 Does not require recuperation time between estimations.
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T

Measurements of autonomy of administrator and area

It is undisturbed by surrounding a@evelopments.

Supports optional multilingual on location preparation.

User comfort: The probe is applicable on any site, any point and any place on the
body.

Calculation of Skin Surface Water Loss (SSWL) and desorbed water.

Specifications

T
T
T
T
T

Measurement covers are adjustable to 180°C temperature.
It is compatible with Windows 7, 8 and 10.

The operating temperature is around 2% C.

Probe with Start/Stop press button.

Operating humidity is less than 80% RH.

Applications

T
T

TEWL of skin, lips and nails.

Efficacy and case support.

In vivo, in vitro, and iRculture connectors.
Zoological creature wellbeing.

Medical research.

Membrane uprightness testing.
Perspiration contemplates

Desorption estimations
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2.10Skin Ultrasound and Episcan

2.10.1Skin Ultrasound

Ultrasounds are sound waves with raurdible frequencies above 20,000 that are
generatedusing crystalsthat have the ability to emit these waves in response to an
electrical stimulus and to convehe refected echesof these ultrasounds into electrical

signals this is known ashe piezoelectric effec{Tikjgb G, 1984)

Piezoelectric crystals, which are located in transducers or probes, emit electrical signals
to theprocessing unit. This unit converts electrical signals into greater or lesser intensity

points on a screen {Blode imagejLehman PA, 2014)

B-mode images represent a longitudinal or transverse line basetheopr o b e 0 s
orientaton with respect to the structure being examined. The greater the frequency of
the ultrasound, the lower its ability to penetrate the tissue and the greater the ability to
distinguish echoes from adjacent structudsno T, 1987)Dermatologists look for the
parallel structures on skin therefore it is common practice in dermatology that skin
surface is probed with high frequency of more than 7.0 MHz. This involves very high

resolution echoed images at different depths.

Sinceultrasound waves are greatly attenuated when transmitted through air, a gel or a
standoff must be placed between the skin and the transducer to facilitate transmission
(Dines KA, 1984) Unlike conventional ultrasound, skin @asound assesses surface

structures and is performed by lightly positioning the transducer on the gel placed over

the skin without applying pressufielynn, 1990)
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2.10.2 Episcan

The Bpiscan I-200 (shown inFigure 2.B) is a high resolution skin ultrasound
instrument fromLongport Ing USA. With ultrasound frequenci@s the range of 20 to
50 MHz, corresponding to spatial resolutitlom 80 to32 um (Bezugly,2021), it can
easily facilitate the visualgation of thes k i anatemyand many of the diseases,
injuries and treatments that impact the dermis and underlying softstigsiedvig El,

2012)

Figure2.16. Episcan (Anon, 2014)

The Bpiscancreates highresolution images of the skthat cantypically be seenin the
following biopsyin Figure 2.7. The Bpiscancan visuake many of the diseases and
injuries that impact the skin and underlying soft tissue, but unlike tissue damaging
biopsies (JM, 2005), itan also track changes with treatment amdr thetime at the
same sitgLongport., 2007) Episcan has a high imaging resolution tdetinguishes it

from other ultrasound imaging systenmsthe market, which provelmore indepth
































































































































































































































































































