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Introduction 

Scope 

In-vivo stratum corneum (SC) only. The thin stuff, not hands or feet. 

 

Aim 

A better understanding of SC hydration measurements. 

 

Approach 

Physics, ie a fundamental analysis in terms of Measurement Science. 

 

Not included 

Just about everything – the field is vast! 
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Measurement Science Fundamentals 

Direct Measurement 

You measure the quantity of interest. 

 eg: the width of a window. 

 

Relies only on calibration. 

 

 

Indirect Measurement 

You measure a quantity which relates to the quantity of 

interest. 

 eg: the height of a pyramid. 

 

You need a quantitative model to interpret the results. 

Models rely on assumptions and approximations, but 

they must comply with the laws of physics. 

1. Direct & Indirect Measurements 

This model is OK for a pyramid, but what about a corneocyte? 
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Measurement Science Fundamentals 

Direct Methods 

Gravimetric method (in-vitro only). 

 

 

 

Indirect Methods 

Everything else! 

Indirect methods are all about the model. 

1. Direct & Indirect Measurements of SC Hydration 
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Measurement Science Fundamentals 

Sensitivity (to what you want to measure) 

Specificity (insensitive to all else) 

Calibration 

Resolution 

Range 

Linearity 

Hysteresis 

Reproducibility 

Repeatability 

Etc, etc 

2. Measurement Attributes 

NB Only the underlined attributes will be considered. 
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Measurement Science Fundamentals 

Desired Input = That’s what you want to measure 

2. Sensitivity & Specificity 

Interfering Input = That’s what you are also measuring, like it or not:- 

Deeper Skin Layers 

Body Chemicals, Sweat 

Applied Chemicals 

Surface Condition 

Contact Pressure 

Occlusion 

Etc, etc ...  These are all sources of systematic measurement errors. 
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Measurement Science Fundamentals 

Correlation does not imply causation 

3. Correlation and Causation 

Example 1 

Sleeping with your shoes on correlates with waking up with a headache. 

Therefore, sleeping with your shoes on causes headaches. 

Wrong – there is a hidden factor! 

Example 2 

The readings from two SC hydration instruments are correlated. 

Therefore they both measure SC hydration. 

Wrong - there may be hidden factors – common Interfering Inputs.  
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Measurement Science Fundamentals 

1. Indirect measurement methods rely on models 

 They are only as good as the underlying assumptions & approximations. 

 

2. Sensitivity and Specificity are crucial instrument attributes 

 Sensitive to what you want, insensitive to all else. 

 

3. Correlation does not imply causation 

 There may be common interfering inputs. 

Summary 
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SC Hydration Model 

The simplest model for SC hydration 

is a single layer on a substrate. 

Start with skin – it’s complicated! 

Simplifying assumptions are essential. 

First Approximation: Dead & Alive 
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SC Hydration Model 

Second Approximation: Linear Hydration Gradient 

Viable Stuff   SC 
High hydration   High hydration at the base 

    Low hydration at the surface 

With this you can estimate SC water content, ~6g/m2 for a thickness of 15µm in the above case. 
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Overview of Hydration Measurement Techniques 

Direct Methods 
 

Gravimetric   In-vitro only. 

 

 

 

Indirect Methods 
 

Spectroscopic  Confocal Raman 

   Opto-Thermal Transient Emission Radiometry (OTTER) 

   ATR-FTIR 

   NIR Scattering 

 

 

 

Electromagnetic  Capacitance 

   AC Conductance 

   Impedance 

   Garfield NMR 

 

 

NB The underlined techniques will be discussed further. 
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Spectroscopic Techniques 1: Confocal Raman 

Selectivity 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 Raman 

Confocal 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 Raman 

Hardware for In-vivo Measurement 

The skin is in contact with a glass plate. 

Photos from River Diagnostics sales literature 
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Spectroscopic Techniques 1: Confocal Raman 

Measurement 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 2: Opto-Thermal Transient Emission Radiometry 

OTTER Measurement Principle 

Spectral selectivity via excitation & heat radiation wavelengths. 

SC selectivity via commensurate absorption depths. 
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Spectroscopic Techniques 2: Opto-Thermal Transient Emission Radiometry 

OTTER Apparatus with Mobile Measurement Head 

SC hydration measurement on any skin site. 
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Spectroscopic Techniques 2: Opto-Thermal Transient Emission Radiometry 

Measurement Example: Hydration Line-scan 

Scan length = 4mm, wrist to palm. 

Scan width ~1.2mm. 

 

Sampled depth = top ~4µm, calculated using a segmented least-squares model. 
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Evaluation of Spectroscopic Techniques 

The +ve & -ve of Confocal Raman & OTTER 

Attribute Confocal Raman OTTER 

Specificity High + High + 

Depth Profiling Yes + Yes + 

Skin Site Some Restrictions - All + 

Skin Contact Occlusive - Non-occlusive + 

Speed ~30 Seconds - ~30 Seconds - 

Portability Luggable + Forget it - 

Expertise High - High - 

Cost High - High - 
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Electromagnetic Techniques: Capacitance & AC Conductance  

Instrument Formats 

Typically a hand-held probe with or without an 

electronics unit, with or without a PC connection. 

 

NB:-  Dry contact methods only. 

Press against the skin site and you get a reading 

almost instantaneously. 

How do they work? What are their limitations? 

The literature is far from clear, so here’s my perspective. 
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Electromagnetic Techniques: Capacitance & AC Conductance  

Sensor Types 

SkinChip is a registered trademark of L’Oréal, Paris. 
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Electromagnetic Techniques: Capacitance & AC Conductance  

Common Attributes 

SkinChip is a registered trademark of L’Oréal, Paris. 

Attribute Exceptions 

Use low MHz RF voltages SkinChip 

Electrical contact with the SC SkinChip, Corneometer 

Electrode spacing >> SC thickness SkinChip, Corneometer 

Occlusive contact 

Sensitive to contact pressure 

Single sensors SkinChip (76800 sensors) 
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Electromagnetic Techniques: Capacitance & AC Conductance  

Electrical Properties of Skin Model 

SC 
Predominantly insulating. 

 

Low electrical conductivity because of low water 

mobility (barrier property). 

 

Electrical permittivity of pure water ~ 80. 

 

 

 

Viable Stuff 
Predominantly conducting (electrolytes). 

 

Eg :- 

Conductivity of intercellular fluid ~1.5S/m. 

Conductivity of pure water ~5µS/m. 
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Electromagnetic Techniques: Capacitance & AC Conductance  

Model of the RF Field Interaction with Skin 

RF penetration depth depends on:- 

 

 (a) RF frequency (electromagnetic skin effect). 

 

 (b) Electrode geometry. 
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Electromagnetic Techniques: Capacitance & AC Conductance  

(a) Electromagnetic Skin Effect 

The 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: 

 

𝛿 =
1

𝜋𝜎𝜇𝑓
 

 
σ Electrical Conductivity 

μ Magnetic Permeability 

f Frequency 
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Electromagnetic Techniques: Capacitance & AC Conductance  

(b) Electrode Geometry 

The geometry of the electric fringing field is determined by the geometry of the electrodes. Eg:- 

Note that the initial decay of the electric field is rapid – down by ~70% after 

just one gap distance. This gives the sensor a disproportionate sensitivity to 

near-surface hydration. 
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Electromagnetic Techniques: Capacitance & AC Conductance  

Example1:- Corneometer Electrode Design 

The 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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Electromagnetic Techniques: Capacitance & AC Conductance  

Example 2:- SkinChip Electrode Design 

The Fingerprint sensor used in the SkinChip device also uses fringing field sensors. 

Pixel spacing is 50μm. 

 

Electrode spacing << 50μm. 

 

There is also a SiO2 coating of ~2μm thickness to 

insulate the electrodes from the SC. 

SkinChip is a registered trademark of L’Oréal, Paris. 
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Electromagnetic Techniques: Capacitance & AC Conductance  

Contact Effects in SC Hydration Measurements 

1. Variable contact (irregular surface, hair etc). 

 

2. Abnormal skin  eg Lesion of Psoriasis. 

 

3. Sweat. 

SkinChip is a registered trademark of L’Oréal, Paris. 

 

(a) Xhauflaire-Uhoda E, Piérard-Franchimont C, Piérard GE. Skin Capacitance Mapping of Psoriasis. JEADV 2006, 20, 1261-5. 

(b) Xhauflaire-Uhoda E, Mayeux G, Quatresooz P, Scheen A, Piérard GE. Facing up to the imperceptible perspiration. Modulatory influences by diabetic 

neuropathy, physical exercise and antiperspirant. Skin Res Technol. 2011 Nov;17(4):487-93. 

Such effects would not be apparent with single-sensor instruments. 
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Electromagnetic Techniques: Capacitance & AC Conductance  

Effect of Occlusion in SC Hydration Measurements 

Water trapped by Occlusion 

 ~3mg/m2/sec for a TEWL of 10g/m2/h. 

That’s <0.05% of typical SC water content. 

Or a surface layer thickness of ~3nm/sec. 

∴ The effect of occlusion on mean SC hydration is normally small. 

 

 

However 

Occlusion water is surface water that may disproportionately affect the readings of some instruments. 

Also, occlusion water may have a high electrical conductivity if contaminated with salts. 
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Evaluation of Capacitance & AC Conductance Techniques 

Sensitivity & Specificity 

Desired Input:- SC Capacitance or Conductance. 
   

Interfering Inputs:- Ie what else contributes to the Output? 
 

1. Signals from the viable stuff. 

2. Ionic content of the SC (NMF, salts). 

3. Mobility of water in the SC. 

4. Surface contamination (topical products, sweat, salts, sebum, dirt, etc). 

5. Variable contact related to irregular surface, skin anomalies, hair, etc. 

6. Variable time-dependent contact related to contact pressure. 

7. Variable galvanic contact with bare-metal electrodes. 

8. Occlusion. 

9. Etc. 
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Evaluation of Capacitance & AC Conductance Techniques 

The +ve & -ve compared with Confocal Raman 

Attribute Confocal Raman Capacitance Conductance 

Specificity High + Medium - Low - 

Depth Profiling Yes + No - No - 

Skin Site Some Restrictions - All non-hairy + All non-hairy + 

Skin Contact Occlusive - Occlusive - Occlusive - 

Speed ~30 Seconds - ~Seconds + ~Seconds + 

Portability Luggable + Good + Good + 

Expertise High - Low + Low + 

Cost High - Low + Low + 
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Summary & Conclusions 

1. 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). 


