
1

1
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TRI Course 2016: Advances in Skin Science, Measurement and Treatment

With contributions from:-Jonathan Crowther (JMC Scientific Consulting Ltd)Perry Xiao & Christos Bontozoglou (London South Bank University & Biox Systems Ltd)
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IntroductionIntroductionIntroductionIntroductionClarificationClarificationClarificationClarificationRather than Skin HydrationSkin HydrationSkin HydrationSkin Hydration, it should be Stratum CorneumStratum CorneumStratum CorneumStratum Corneum (SC) HydrationHydrationHydrationHydration.AimAimAimAimA better understanding of SC hydration measurements.ScopeScopeScopeScopeIn-vivo stratum corneum (SC) only. The thin stuff, not hands or feet.ApproachApproachApproachApproachPhysics, ie a fundamental analysis in terms of Measurement Science.Not includedNot includedNot includedNot includedJust about everything – the field is vast!
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Measurement Science FundamentalsMeasurement Science FundamentalsMeasurement Science FundamentalsMeasurement Science FundamentalsDirect MeasurementDirect MeasurementDirect MeasurementDirect MeasurementYou measure the quantity of interest.eg: the width of a window.Relies only on the calibration of the measuring tape.Indirect MeasurementIndirect MeasurementIndirect MeasurementIndirect MeasurementYou measure a quantity which is related to the quantity of interest.eg: the height of a pyramid.Relies on quantitative models to interpret the results, rectilinear propagation of light & trigonometry in this case.In general, models used in indirect measurements rely on  assumptions, approximations & interpretation.

1. Direct & Indirect Measurements
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Measurement Science FundamentalsMeasurement Science FundamentalsMeasurement Science FundamentalsMeasurement Science Fundamentals
Use oblique illumination from several directions to get 3d images of skin micro-relief & wrinkles with ~10µm resolution.

Example: The Pyramid Method for Skin Micro-relief

This works. But what about measuring the heightof a corneocyte?
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Measurement Science FundamentalsMeasurement Science FundamentalsMeasurement Science FundamentalsMeasurement Science FundamentalsDirect MethodsDirect MethodsDirect MethodsDirect MethodsGravimetric method (in-vitro only).Indirect MethodsIndirect MethodsIndirect MethodsIndirect MethodsEverything else!Indirect methods are all about interpretation based on models.
1. Direct & Indirect Measurements of SC Hydration
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Measurement Science FundamentalsMeasurement Science FundamentalsMeasurement Science FundamentalsMeasurement Science FundamentalsSensitivity (to what you want to measure)Specificity (insensitive to all else)CalibrationResolutionRangeLinearityHysteresisReproducibilityRepeatabilityEtc, etc

2. Measurement Attributes

NB Only the underlined attributes will be considered.
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Measurement Science FundamentalsMeasurement Science FundamentalsMeasurement Science FundamentalsMeasurement Science FundamentalsDesired Input = Desired Input = Desired Input = Desired Input = That’s what you want to measure, SC hydration in this case.2. Sensitivity & Specificity
Interfering Input = Interfering Input = Interfering Input = Interfering Input = That’s what you are also measuring, like it or not:-Deeper Skin LayersBody Chemicals, SweatApplied ChemicalsSurface Condition, Roughness, HairContact PressureOcclusionEtc, etc ... These are all sources of systematic measurement errorssystematic measurement errorssystematic measurement errorssystematic measurement errors.
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Measurement Science FundamentalsMeasurement Science FundamentalsMeasurement Science FundamentalsMeasurement Science Fundamentals

Correlation does not imply Correlation does not imply Correlation does not imply Correlation does not imply causationcausationcausationcausation

3. Correlation and CausationExample 1Example 1Example 1Example 1Sleeping with shoes on correlates with waking up with a headache.Does this mean that shoes cause headaches ?
No, there may be hidden factors No, there may be hidden factors No, there may be hidden factors No, there may be hidden factors –––– common Interfering Inputs. common Interfering Inputs. common Interfering Inputs. common Interfering Inputs. 

No!  Something else must be going on.No!  Something else must be going on.No!  Something else must be going on.No!  Something else must be going on.Example 2Example 2Example 2Example 2The readings from two SC hydration instruments are correlated.Does this mean they both measure SC hydration ?
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Measurement Science FundamentalsMeasurement Science FundamentalsMeasurement Science FundamentalsMeasurement Science Fundamentals
1.1.1.1. Indirect measurement methods rely on modelsIndirect measurement methods rely on modelsIndirect measurement methods rely on modelsIndirect measurement methods rely on modelsThey are only as good as the underlying assumptions & approximations.Assumptions & approximations must be understood and questioned.2.2.2.2. Sensitivity and Specificity are crucial instrument attributesSensitivity and Specificity are crucial instrument attributesSensitivity and Specificity are crucial instrument attributesSensitivity and Specificity are crucial instrument attributesSensitive to what you want, insensitive to all else.3.3.3.3. Correlation Correlation Correlation Correlation does not imply does not imply does not imply does not imply causationcausationcausationcausationThere may be common interfering inputs.

Summary
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SC Hydration ModelSC Hydration ModelSC Hydration ModelSC Hydration ModelThe Essence:The Essence:The Essence:The Essence:Only the top layer, the SC is of interest.The Interfering Inputs:The Interfering Inputs:The Interfering Inputs:The Interfering Inputs:Effects from underlying tissuesSweat, Sweat glandsHairSurface Roughness, Micro-relief, WrinklesSurface Chemicals, Sebum, TopicalsHeterogeneity …

Skin is Complicated - Simplifying Assumptions are Essential
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SC Hydration ModelSC Hydration ModelSC Hydration ModelSC Hydration Model1111stststst Approximation: 2Approximation: 2Approximation: 2Approximation: 2----Layer ModelLayer ModelLayer ModelLayer ModelSC on a substrate of viable tissues.SC is flat, smooth & uniform.SC thickness is ~10-20µm.The substrate is thick & uniform.
Single Layer on Substrate Model

2222ndndndnd Approximation: Hydration ProfileApproximation: Hydration ProfileApproximation: Hydration ProfileApproximation: Hydration ProfileThe substrate is wet, ~70% water.The SC surface is dry, ~10% water.The hydration profile within the SC is linear.The SC is water-permeable - TEWL.
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Overview of Hydration Measurement TechniquesOverview of Hydration Measurement TechniquesOverview of Hydration Measurement TechniquesOverview of Hydration Measurement TechniquesDirect MethodsDirect MethodsDirect MethodsDirect MethodsGravimetric In-vitro only.Indirect MethodsIndirect MethodsIndirect MethodsIndirect MethodsSpectroscopic Confocal RamanOpto-Thermal Transient Emission Radiometry (OTTER)ATR-FTIROptical NIR Scattering, OCTElectromagnetic AC ConductanceCapacitanceCapacitance Contact ImagingImpedanceGarfield NMRNB The underlined techniques will be discussed further.
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PlanPlanPlanPlanIntroductionMeasurement Science FundamentalsSC Hydration ModelOverview of Hydration Measurement TechniquesSpectroscopic TechniquesSpectroscopic TechniquesSpectroscopic TechniquesSpectroscopic TechniquesConventional Capacitance & Conductance TechniquesCapacitance Contact Imaging TechniqueSummary & Conclusions
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Spectroscopic Techniques 1: Confocal RamanSpectroscopic Techniques 1: Confocal RamanSpectroscopic Techniques 1: Confocal RamanSpectroscopic Techniques 1: Confocal RamanSelectivity at the Molecular Level

Diagram adapted from PJ Matts, private communication.Raman spectra enable specific chemical species to be identified & studied – water in this case.
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Spectroscopic Techniques 1: Confocal RamanSpectroscopic Techniques 1: Confocal RamanSpectroscopic Techniques 1: Confocal RamanSpectroscopic Techniques 1: Confocal RamanConfocal Optics for Depth Resolution

Diagram adapted from:-http://www.tcd.ie/Physics/Optoelectronics/spg/research/plasmon.php With the confocal method you can measure concentration depth profiles.Diagram adapted from:-PJ Matts, private communication
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Spectroscopic Techniques 1: Confocal RamanSpectroscopic Techniques 1: Confocal RamanSpectroscopic Techniques 1: Confocal RamanSpectroscopic Techniques 1: Confocal RamanHardware for In-vivo Measurement

The skin is in contact with a glass plate.Photos from River Diagnostics
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Spectroscopic Techniques 1: Confocal RamanSpectroscopic Techniques 1: Confocal RamanSpectroscopic Techniques 1: Confocal RamanSpectroscopic Techniques 1: Confocal RamanMeasurement Example: Water & NMF Depth Profiles

Spectral selectivity can be used for substances other than water – NMF in this case.Figure adapted from PJ Matts, private communication
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Spectroscopic Techniques Spectroscopic Techniques Spectroscopic Techniques Spectroscopic Techniques 2: Opto2: Opto2: Opto2: Opto----Thermal Transient Emission RadiometryThermal Transient Emission RadiometryThermal Transient Emission RadiometryThermal Transient Emission RadiometryOTTER Measurement Principle

Spectral selectivity via excitation & heat radiation wavelengths.SC selectivity via commensurate absorption depths.
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Spectroscopic Techniques 2: OptoSpectroscopic Techniques 2: OptoSpectroscopic Techniques 2: OptoSpectroscopic Techniques 2: Opto----Thermal Transient Emission RadiometryThermal Transient Emission RadiometryThermal Transient Emission RadiometryThermal Transient Emission RadiometryOTTER Apparatus with Mobile Measurement Head

In-vivo SC hydration measurement on any skin site.
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Spectroscopic Techniques 2: OptoSpectroscopic Techniques 2: OptoSpectroscopic Techniques 2: OptoSpectroscopic Techniques 2: Opto----Thermal Transient Emission RadiometryThermal Transient Emission RadiometryThermal Transient Emission RadiometryThermal Transient Emission RadiometryMeasurement Example: Hydration Scan
Scan length = 4mm, wrist to palm.Scan width ~1.2mm.Sampled depth = top ~4µm, calculated using a segmented least-squares model.



13

25

Spectroscopic TechniquesSpectroscopic TechniquesSpectroscopic TechniquesSpectroscopic TechniquesComparisonsAttributeAttributeAttributeAttribute Confocal RamanConfocal RamanConfocal RamanConfocal Raman OTTEROTTEROTTEROTTERSpecificity High HighDepth Profiling Yes YesSkin Site Some Restrictions AllSkin Contact Occlusive Non-occlusiveSpeed ~30 Seconds < 1 SecondPortability Luggable Forget itExpertise High HighCost High HighAvailability Commercial Non-commercial
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Conventional Conventional Conventional Conventional Capacitance  & Capacitance  & Capacitance  & Capacitance  & Conductance TechniquesConductance TechniquesConductance TechniquesConductance TechniquesCapacitance & Conductance Instrument Formats
Typically a hand-held probe with or without an electronics unit or PC connection.Both capacitance & AC conductance techniques use low frequency RF. For measurement.NB:NB:NB:NB:---- Dry contact methods only are included here.How do they work? What are their limitations?The literature is far from clear, so here’s my perspective.
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Conventional  Capacitance  & Conductance TechniquesConventional  Capacitance  & Conductance TechniquesConventional  Capacitance  & Conductance TechniquesConventional  Capacitance  & Conductance TechniquesAttributes of the Skin Model for AC ConductanceConductanceConductanceConductanceSC:SC:SC:SC:----Keratin and pure water are electrical insulators.Water within the SC is pure (SC is impermeable to ions [1]).Pure water has a low conductivity (~5µS/m.).Viable Stuff:Viable Stuff:Viable Stuff:Viable Stuff:----High water content  ~70%The water is not pure - it is an electrolyte.Its conductivity ~1.5S/m ~300’000 times that of pure water!Therefore:Therefore:Therefore:Therefore:----This model offers no basis for understanding SC hydration This model offers no basis for understanding SC hydration This model offers no basis for understanding SC hydration This model offers no basis for understanding SC hydration measurement methods based on AC Conductance.measurement methods based on AC Conductance.measurement methods based on AC Conductance.measurement methods based on AC Conductance.Other factors must be involved - sweat, sweat glands, galvanic contact with the SC...[1] KA Grice, Transepidermal Transepidermal Transepidermal Transepidermal Water Water Water Water LossLossLossLoss , in The Physiology and Pathophysiology of the Skin (Editor: A Jarrett). Vol 6, Ch 69, pp2115-46, Academic Press, London 1980.
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Conventional  Conventional  Conventional  Conventional  Capacitance Capacitance Capacitance Capacitance & Conductance Techniques& Conductance Techniques& Conductance Techniques& Conductance TechniquesAttributes of the Skin Model for CapacitanceCapacitanceCapacitanceCapacitanceSC:SC:SC:SC:----Predominantly a dielectric material of keratin and water.The dielectric permittivity of keratin is low, ~2.The dielectric permittivity of water is high, ~80.This is why SC capacitance measurements are sensitive to water.Viable Viable Viable Viable Stuff:Stuff:Stuff:Stuff:----High water (electrolyte) content  ~70%, but this hinders rather than helps SC hydration measurement.Therefore:Therefore:Therefore:Therefore:----For best sensitivity, you need to confine SC hydration measurements to the SC.
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Conventional  Capacitance  & Conductance TechniquesConventional  Capacitance  & Conductance TechniquesConventional  Capacitance  & Conductance TechniquesConventional  Capacitance  & Conductance TechniquesHow can you Confine the Measurement to the SC ?
There are two approaches in common use:-(a) RF Reflection:(a) RF Reflection:(a) RF Reflection:(a) RF Reflection:----Use the electrolyte in the viable tissues to reflect the RF field back through the SC.(b) (b) (b) (b) Electrode geometry:Electrode geometry:Electrode geometry:Electrode geometry:----Use electrode geometry to confine the electric field close to the sensor’s contact surface.
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Conventional  Capacitance  & Conductance TechniquesConventional  Capacitance  & Conductance TechniquesConventional  Capacitance  & Conductance TechniquesConventional  Capacitance  & Conductance Techniques(a) RF Reflection & the Electromagnetic Skin EffectThe RF field penetrates the SC with little attenuation because the SC is predominantly an electrical insulator.The RF field is attenuated in the viable stuff because of ionic conductivity. This is the electromagnetic skin effect, where the penetration depth d is given by:
� =

1

����

σ Electrical Conductivityμ Magnetic Permeability (=1)f Frequency Conclusion:Conclusion:Conclusion:Conclusion:----While there is reflection, there is also transmission, with a penetration depth of ~1 foot.Clearly, the conductivity of the electrolyte in the viable tissues is insufficient to confine the RF field to the SC.
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Conventional  Capacitance  & Conductance TechniquesConventional  Capacitance  & Conductance TechniquesConventional  Capacitance  & Conductance TechniquesConventional  Capacitance  & Conductance Techniques(b) Electrode Geometry
A conventional capacitor (leftleftleftleft) cannot be used for in-vivo measurement on skin.ThereforeThereforeThereforeThereforeOpen it out (centrecentrecentrecentre) until the electrodes are in the same plane (rightrightrightright).Note thatNote thatNote thatNote thatThe electric  field now penetrates whatever materials touch the electrode plane.andandandandSuch an planar capacitor is called a Fringing Field SensorFringing Field SensorFringing Field SensorFringing Field Sensor.
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Conventional  Capacitance  & Conductance TechniquesConventional  Capacitance  & Conductance TechniquesConventional  Capacitance  & Conductance TechniquesConventional  Capacitance  & Conductance Techniques(b) Electrode Geometry & Fringing FieldThe electric fringing field is determined by the geometry of the electrodes.Below is an example of a coaxial electrode geometry, chosen because it is relatively simple to calculate.
The electric field is down by ~70% after just one gap distance. This gives the sensor a disproportionate sensitivity to near-surface hydration.Conclusion:Conclusion:Conclusion:Conclusion:----Electrode geometry can be used to limit the penetration depth of measurement. This works!
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Conventional  Capacitance  & Conductance TechniquesConventional  Capacitance  & Conductance TechniquesConventional  Capacitance  & Conductance TechniquesConventional  Capacitance  & Conductance TechniquesExample:- Corneometer Electrode DesignThe Corneometer uses a fringing field sensor to measure SC capacitance in-vivo.The interlaced electrodes are spaced ~75μm apart. Whether this is small enough to confine the RF field within the SC is unclear.There is also a glass spacer of ~20μm thickness to insulate the electrodes from the SC.
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Conventional Capacitance & Conductance TechniquesConventional Capacitance & Conductance TechniquesConventional Capacitance & Conductance TechniquesConventional Capacitance & Conductance TechniquesCorneometer (Capacitance) - Skicon (Conductance) Comparison
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Use a purpose-designed PTFE block with multiple wells.The well diameter was chosen to match the measurement heads of the instruments, to:-1. Ensure that the entire sensor face is exposed to the solvents.2. Allow enough overlap to activate the spring-mounted measurement heads.
JM Crowther: Understanding Understanding Understanding Understanding the the the the Effects Effects Effects Effects of of of of Topical Ingredients Topical Ingredients Topical Ingredients Topical Ingredients on on on on Electrical Measurement Electrical Measurement Electrical Measurement Electrical Measurement of of of of Skin Skin Skin Skin HHHHydrationydrationydrationydration. Int. J. Cosm. Sci, 2016, in press.
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Conventional Capacitance & Conductance TechniquesConventional Capacitance & Conductance TechniquesConventional Capacitance & Conductance TechniquesConventional Capacitance & Conductance TechniquesCorneometer (Capacitance) - Skicon (Conductance) ComparisonUse an in-vitro technique with different liquids, as follows:-
• 94% Ethanol
• Methanol
• 1-Propanol
• 2-Propanol
• 1-Butanol
• Glycerol
• Paraffin oil
• Pure Water
• Pure Water with increasing concentrations of NaCl
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Conventional Capacitance & Conductance TechniquesConventional Capacitance & Conductance TechniquesConventional Capacitance & Conductance TechniquesConventional Capacitance & Conductance TechniquesCorneometer (Capacitance) - Skicon (Conductance) ComparisonRegion 1:Region 1:Region 1:Region 1:----Skicon readings ~0.Corneometer readings 0 - 80.Region  2:Region  2:Region  2:Region  2:----Skicon readings ~0 - ~400µS.Corneometer readings 80 - 119.Region  3:Region  3:Region  3:Region  3:----Skicon readings ~0 - >400µS.Corneometer readings =120, ie off-scaleConclusion:Conclusion:Conclusion:Conclusion:----1. .The Skicon does not respond to insulating liquids, including pure water, ie it has zero sensitivity for water!2. The Corneometer responds to both insulating AND conducting liquids. It goes off-scale for highly conducting liquids. Therefore the Corneometer is sensitive to both capacitance (desired input) AND conductance.(interfering input).
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Capacitance Contact Imaging TechniqueCapacitance Contact Imaging TechniqueCapacitance Contact Imaging TechniqueCapacitance Contact Imaging TechniqueThe Fingerprint Sensor for Capacitance Contact Imaging
Typical  Sensor Properties:Typical  Sensor Properties:Typical  Sensor Properties:Typical  Sensor Properties:----Pixel array of 256 x 300 capacitance sensors.Pixel spacing is 50μm.There is also a SiO2 coating of ~2μm thickness to insulate the electrodes from the SC.
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Capacitance Contact Imaging TechniqueCapacitance Contact Imaging TechniqueCapacitance Contact Imaging TechniqueCapacitance Contact Imaging TechniqueThe Original L’Oréal SkinChip & Two Commercial Instruments

L’ Oréal SkinChip Courage & KhazakaMoistureMap Biox Epsilon
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Capacitance Contact Imaging TechniqueCapacitance Contact Imaging TechniqueCapacitance Contact Imaging TechniqueCapacitance Contact Imaging TechniqueL’Oréal SkinChip Example Images
With the SkinChip:-Black = high capacitance (eg water)White = low capacitance (eg air)

Psoriasis Lesion [1] Imperceptible Perspiration [2]

[1]: Skin Capacitance Mapping of PsoriasisSkin Capacitance Mapping of PsoriasisSkin Capacitance Mapping of PsoriasisSkin Capacitance Mapping of Psoriasis. Xhauflaire-Uhoda E, Piérard-Franchimont C, Piérard GE. JEADV 20202020, 1261-5, 2006.[2]: Facing Facing Facing Facing up to the imperceptible perspiration. Modulatory influences by diabetic neuropathy, physical exercise and up to the imperceptible perspiration. Modulatory influences by diabetic neuropathy, physical exercise and up to the imperceptible perspiration. Modulatory influences by diabetic neuropathy, physical exercise and up to the imperceptible perspiration. Modulatory influences by diabetic neuropathy, physical exercise and antiperspirantantiperspirantantiperspirantantiperspirant. Xhauflaire-Uhoda E, Mayeux G, Quatresooz P, Scheen A, Piérard GE. Skin Res Technol 17171717(4), 487-93, 2011.
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Capacitance Contact Imaging TechniqueCapacitance Contact Imaging TechniqueCapacitance Contact Imaging TechniqueCapacitance Contact Imaging TechniqueThe L’Oréal SkinChip Patents
These patents make claims on hydration and other measurements on human skin, hair & mucous membranes.HoweverHoweverHoweverHoweverBiox has an unrestricted, nonBiox has an unrestricted, nonBiox has an unrestricted, nonBiox has an unrestricted, non----exclusive, worldexclusive, worldexclusive, worldexclusive, world----wide licence from L'Oréalwide licence from L'Oréalwide licence from L'Oréalwide licence from L'Oréalto exploit their SkinChip patents. Under this licence, all Epsilon measurements can be used for all purposes, including claims support and advertising.Courage & Khazaka have a similar licence.
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Capacitance Contact Imaging TechniqueCapacitance Contact Imaging TechniqueCapacitance Contact Imaging TechniqueCapacitance Contact Imaging TechniqueFingerprint Sensor Linearisation & Calibration

This hardware & software technology is unique to the Biox Epsilon instrument.

Fingerprint sensors respond non-linearly to capacitance. Furthermore, the response varies widely from chip to chip. Therefore, linearisation & calibration are needed for measurement.

44

Capacitance Contact Imaging TechniqueCapacitance Contact Imaging TechniqueCapacitance Contact Imaging TechniqueCapacitance Contact Imaging TechniqueEpsilon - Corneometer Correlation

Measured using liquids of known dielectric permittivity.
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Capacitance Contact Imaging TechniqueCapacitance Contact Imaging TechniqueCapacitance Contact Imaging TechniqueCapacitance Contact Imaging TechniqueFiltration of Artefacts in Hydration Measurements

Dark Pixels:Dark Pixels:Dark Pixels:Dark Pixels:----Bad contact around the edges, lines & wrinkles, hair.Bright Pixels:Bright Pixels:Bright Pixels:Bright Pixels:----Surface water from imperceptible perspiration. εεεε Filtering :Filtering :Filtering :Filtering :----Filtering out the non-SC pixels gives a more accurate value for the underlying SC hydration.
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Capacitance Contact Imaging TechniqueCapacitance Contact Imaging TechniqueCapacitance Contact Imaging TechniqueCapacitance Contact Imaging TechniqueOcclusion Dynamics & Tape Stripping60 second occlusion before stripping
Hydration increase of stripped SC
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Summary & ConclusionsSummary & ConclusionsSummary & ConclusionsSummary & Conclusions1. Spectroscopic techniques perform well but are expensive.2. Capacitance/Conductance techniques provide cheaper alternatives, but are less specific and therefore more prone to systematic errors of measurement (interfering inputs).3. The Conductance technique has zero sensitivity for water.4. The Capacitance technique has low specificity for water.5. The Corneometer (& others, including the Epsilon) also respond to ionic conductance.6. The Contact Imaging approach can overcome some of the limitations of single-sensor instruments.


