AquaFlux TEWL Measurement

Bob Imhof
Biox Systems Ltd

Practical instructions for AquaFlux use, presented at the Training School of Skin Bioengineering

. Techniques, Amsterdam, October 2011. This event was organised by the SkinBAD (Skin Barrier and Atopic
Diseases) network under the BMBS (Biomedicine and Molecular Biosciences) action of the COST (European
Cooperation in Science and Technology) framework.
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TEWL SSWL & Perspiration

TEWL is the steady-state flux of liguid

water diffusing through the SC.

NB:- steady-state = Fick’s 1st law.

TEWL instruments measure flux of water

vapour in the adjacent air. This could
come from TEWL, SSWL and/or
perspiration.

You are measuring TEWL when:-

1.
2.

The skin is acclimatised.

TEWL is the only source of water
that evaporates into the adjacent air.

The SC surface is & remains dry.

TEWL & SSWL TEWL

A A
Wet . Bvaporation Flux Dry
Suface : / Surface

Viable Epidermis
~70% Water

NB:-
SSWL = Skin Surface Water Loss



Condenser-Chamber Method

The AgquaFlux uses the condenser-chamber measurement principle.

This is a combination of Nilsson’s diffusion gradient measurement principle [1], but
with a closed chamber to eliminate disturbance from ambient air movements [2].

Condenser

Condenser @ -7.6°C
Vapour Sink.
Controls the microclimate.

RH&T
Sensors RH & T Sensors

Used to sense the vapour flux.

Skin Surface
Vapour Source

The diffusion gradient is calculated from the RHT sensor readings &
condenser thermodynamics.

[1] Nilsson, G.E. Measurement of Water Exchange through Skin. Med Biol Comput. 15: 209-18 (1977).
[2] Imhof, R.E. Method and equipment for measuring water vapor flux from surfaces. USA Patent 6439028 (2000).
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AquaFlux AF200 Instrument

The black rubber stopper in the Parking Receptacle
Is used to close the measurement chamber when

the probe is not in use. This prevents unnecessary
ice build-up.

Parking Receptacle

Base Unit



Measurement Head & Caps

 Rugged metal design.
 Does not distort with contact pressure.

Quick screw Measurement Caps
Franz cell adaptors
Sterilizable & autoclaveable.




Measurement Chamber

Protects from ambient disturbance (closed).
Maintains a consistent microclimate (condenser).

Uses wall-mounted sensors to protect them from
mechanical damage and contamination.

Klingon
Sensor Mounting

Conventional
Sensor Mounting
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Calibration Change %

Condenser & Ice

MH

T T T T T
10 15 20 25 30
Accumulated lee [mg]

— leeGauge

—leeGauge

e —

~lceFauge

Calibration change ~0.4% per mg.

1% change for ~500 normal TEWL measurements.

0-3mg, Continue working

3-4mg, Begin to plan a de-icing

>4mg, Now would be good.

De-icing is quick - you're back working after ~10 minutes. 9



Software
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TEWL Measurement
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B 1a1:ing mode

Calibration: AF200321 Cap Factor: 1.00 Ice: 0.326 mg

Live display of flux v time measurements.
TEWL determined automatically against user-controlled criteria.
Data (including flux curves) stored automatically in Excel-compatible format.
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Calibration — The Droplet Method

Simple procedure for users — no need for factory recalibration.
Traceable to fundamental measures through research with NPL.
Calibration brings Tewameter & AquaFlux measurements into closer agreement.

12



Droplet Calibration - Typical Data

Flux Curve Q-Curve
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The software calculates the Q-Curve from the area below the Flux Curve. It gives a real-
time display of calibration progress.

13
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TEWL Measurement

Volar Forearmm TEWL:- Typical Signal

30
25 -
= |
£ 20 — Area = Evaporated Quantity
E 1 Transient Flux:-
= (i) Instrument Transient
s 157 (i) SSWL
D -
><
E _________________________________________________________________________________________________________ -
i 10— | TEWL =109 gm~h™
. Underlying Steady Flux
5
0 T T T T T T T T ’ T T T T T ’ T
0] 5 10 15 20 25 30 35 40

Time (sec)

TEWL is the underlying steady flux density. 5

45



TEWL Measurement Settings

Caontrol Panel
Flux Diengity Cahbration
TimeSenes ] B ageline Calibration ]

TEWL [a/[reh]]

SSwL [a/mE]]

Output File:
| TEWAL-2 tut

Mext:  Comments:

[ Settings l

‘ Start ‘

Initiate a new output *.txt file.

Adjust the TEWL measurement criteria in the TEWL Settings panel.
Test the settings for the conditions of the planned study.

e TEWL Settings

Measurements l I:Iptin:-nsl Displa_l,l] f—'«udil:u]

Meazurement Settings

kinirnurm Tirne;

k axirnurn Tirme:

T arget Precizion: Qv |:| i
(%) StDey
TEWL is the mean of: paints
Apply ] [ Ok, l ’ Cancel




Flux Density [g m~ ']

Target Precision Setting

35
30 4
25
TEWL Temination Settings:
20 1 Standard Deviation [g m™ h'1]
0.5
15 - 0.3
Dermalab
10 - AgquaFlux
5
0 -
| | | | I |
0 10 20 30 40 50

Time [sec]

There is a trade-off between precision and measurement time.

17
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. Make sure the probe does not slide over the skin.

Holding the Probe

. Make the probe roughly perpendicular to the skin surface.
. Keep the red button uppermost (probe angle effect).

. Use enough contact pressure to ensure a leak-free seal.

. Press & release the red button to initiate a measurement.

. Hold the probe reasonably steady.

19



Calibration Change %

Probe Angular Dependence
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Readings remain within £1% when the probe is held correctly [1].

[1] Imhof, R.E., De Jesus, M.E.P., Xiao, P., Ciortea, L.l. and Berg, E.P. Closed-chamber Transepidermal Water Loss Measurement:
Microclimate, Calibration and Performance. International Journal of Cosmetic Science. 31:97-118 (2009).

20



Probe Pressure Dependence

10

Flux Density [gm~h™]

T T T T T 1
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Mean TEWL = 8.23gm=2h1 with CV=1.7% [1].

[1] Imhof, R.E., De Jesus, M.E.P., Xiao, P., Ciortea, L.l. and Berg, E.P. Closed-chamber Transepidermal Water Loss Measurement:
Microclimate, Calibration and Performance. International Journal of Cosmetic Science. 31:97-118 (2009).

21
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Performing a TEWL Measurement

. Make sure the subject & site are acclimatised as per TEWL Guidelines.

. Enter a Comment about the next measurement.

. Make sure that you, the subject & the site are ready for the measurement.
. Move the probe swiftly from the sealed parking position to the site.

. Press & release the red probe button to start the measurement.

. Hold the probe correctly during the measurement.

. The measurement terminates when the pre-set criteria are met.

. At termination, the data are saved automatically.

© 00 N O 0o A W N P

10. Re-position accurately, if repeating measurements on the same site.

. Park the probe in the sealed position or move to the next site (site hopping).

23



TEWL Data Files

Bookl - Microsoft Excel non-commercial use — — =]
Formulas Data Review Wiew Developer @ @ = BB 2
- @ = ‘P Text General - —_Fj o E:_'" T ‘ : ‘ * Auesum - }j? ‘\?a
= » ¥ o o -’J & Fil - Z
B Merge & Center - | @3 - %+ %3 Conditipnal Formatas  Cell Insert Delete Format 2 Clear - Sort & Find &
Formatting * Table » Styles - ¥ v v Filter * Select v
Clipboard Font F Alignment Number - Styles Cells Editing
Al - £ | AguaFlux AF200971 TEWL/SSWL Data hd
A B C D E F G H J K L M N 0 :
1 |AguaFlux #F200971 TEWL/SSWL Data |
2 |VERSION 6.4
3 |FD Calibre 0.9805
4 |==
5 |Nr Date Time Comments TEWL [g/(m®h)] CV[%] SSWL [g/(m*)] AmbT[C] AmbRH[%] Ice[mg] CapFactor NPis Time/pi[s]  Flux[g/(m=h)]
6 1 7/28/2011 10:03:15AM  Cell 1 9.79774 0.76 8.07E-02 24.46689 53.42294 6.79E-02 1.67 208 0.5474713 2210564 4113 2
I |2 1/28/2011 10:04:48 AM Cell 2 11.48434 0.64 6.00E-02 24 48894 5343385 820E-02 167 115 05243217 8929945 10.18
8 (3 7/28/2011 10:06:52 AM Cell 3 10.90361 0.62 8.32E-02 24.44534 53.49403 0.100618 1.67 181 0.5418903 12.54013 13.58
9 (4 7/28/2011 10:09:52 AM Cell 4 6.138935 112 0.1613519 2458164 53.38355 0.121068 1.67 133 1.10452 10.7294 145
10 |9 1/28/2011 10:12:56 AM Cell & 7.0548925 1.06 0.1868293 2460118 953.20844 0.143262 1.67 143 1.102426 10.73341 13.82
116 7/28/2011 10:19:31 AM - Cell 6 6.510434 1.1 0.1393723 2464127 53.23869 0.160932 1.67 236 0.5498605 10.44348  11.11
127 1/28/2011 10:17:37 AM Cell 7 12.5426 06 5.64E-02 2460138 5326924 0.179601 167 177 0.5423619 8714317 9666
138 7/28/2011 10:19:58 AM  Cell 8 11.56518 0.61 7.85E-02 2485722 52.70037 0.200752 1.67 198 0.5455815 8.61139 9.920 |j
14 |9 7/28/2011 10:22:38 AM Cell 9 5.551939 1.32 0.1667217 2495492 5254713 0.218811 1.67 124 1.103283 13.732 17.46
15 (10 7/28/2011 10:25:05 AM  Cell 10 5.288705 1.38 0.152352 2483067 52.93427 0.234293 1.67 232 0.5487198 13.56389 14.39 ||
16 |11 7/28/2011 10:26:58 AM Cell 11 7.756822 0.86 0.1052414 24.83517 52.85891 0.248804 1.67 166 0.5391507 13.89767  15.26
17 |12 1/28/2011 10:29:33 AM  Cell 12 7.889826 0.92 0.1359885 24 76854 5287358 0268119 167 235 0.5503657 11.48528 13.02
18 /13 7/28/2011 10:31:24 AM Cell 13 12.11365 0.59 5.32E-02 2494891 5251142 0.28472 1.67 153 0.5361966 10.3355 11.47
19 14 7/28/2011 10:33:14 AM  Cell 14 12.8085 0.58 0.0548318 2490432 525942 0303014 167 154 0.5344682 12.68015 13.64
20 |15 7/28/2011 10:37:01 AM  Cell 21 5.464143 1.34 0.1821881 2462473 53.20011 0.326188 1.67 128 1.117687 16.88562 17.31
21 16 7/28/2011 10:39:54 AM  Cell 22 5715211 1.3 0.1410101 24 46188 53.63332 0.343797 1.67 124 1.097935 7.560739 10.72
22 17 1/28/2011 10:42:28 AM  Gell 23 5.876335 1.25 0.1537694 2447691 53.68418 0.360847 167 237 05474138 13.70736 15.20
23 |18 7/28/2011 10:45:28 AM  Cell 24 6.374599 1.16 0.139411 24.44584 53.84662 0.379808 1.67 125 1.101343 7.02864 10.3
24 19 1/28/2011 10:47:16 AM  Cell 25 13.96886 0.52 3.30E-02 2450648 5361429 0396379 167 151 0.5339469 9.153671 9.929
25|20 7/28/2011 10:49:29 AM  Cell 26 12.67222 0.58 4.47E-02 2457112  53.4803 0.415438 1.67 164 0.5358887 6.121047  7.442
26 |21 7/28/2011 10:52.10 AM  Cell 27 8.795991 0.82 9.73E-02 2450948 53.65249 0435454 1.67 235 0.5491751 7.329945 8.027
27 |22 7/28/2011 10:55:58 AM  Cell 28 7.932117 0.91 0.108227 2459367 53.53811 0.456053 1.67 229 0.5571311 2172094 3.032
28 |23 7/26/2011 10:5726 AM  Cell 29 17.73682 0.27 7.05E-04 24.59367 53.99168 0.470662 1.67 115 0.5257091 8403751 9208 ||
29 |24 1/28/2011 10:5949 AM  Cell 30 3362159 0.22 0 2458866 5362721 0512619 167 215 0.5465525 10.70295 109
30 |25 7/28/2011 11:01:56 AM  Cell 31 14.26861 0.48 4.69E-02 2455308 53.74509 0.536789 1.67 180 0.5432834 1195197  12.06
31 26 7/28/2011 11:04:34 AM  Cell 32 7.061296 1.02 0.1351097 2453704 5391273 0556303 167 237 0.5501982 12 94624 14.19
29 .07 FiMmarand4 41-NE-A0 AR oAl 22 7 BAARAE n.o1 N ANS017A A ETER2 E2 0044 N E7IT722 187 aNE N EAR2020 41 2NORO 47 N2 T
GOy Sheen B3 00 T : e ] i WOl il : il
Ready | B2 | [EEm@m wex & [ (+)

Use copy/paste to load data into Excel. The data of each TEWL
measurement, including the flux curves, appear as one row of the
spreadsheet. These flux curves are important for quality control.



Quality Control

30

Flux Density [g m™ h™]

¥ I T I ¥ I L] I L

0 15 30 45 60 75
Time [sec]

Spoilt measurements (sweat gland activity, compromised seal with the skin, probe
moving during measurements) can be identified from the shape of the flux curves.
One of the above 96 flux curves stands out - spoilt by sweat gland activity.

25
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TEWL and Skin Stripping

Skin stripping perturbs the steady-state water distribution within the SC. You
therefore need to re-acclimatise the skin before measuring TEWL.

The time taken to return to steady-state can be gauged from a theoretical
characteristic diffusion time, which works out to ~1 hour for normal volar forearm
skin [1]. This is an overestimate in practice, because diffusional changes are rapid
at first, then increasingly languid as steady-state conditions are approached.

Re-acclimatisation time also depends on individual, site, degree of disturbance
etc. ~10 minutes are probably OK for skin stripping.

Also, remember that stripped skin is more heterogeneous than unperturbed skin.
Therefore, when making measurements on the same site, make sure that you re-
position the probe as precisely as possible.

[1] Imhof, R.E.& Xiao, P. Mathematical Model for the Stratum Corneum Water Loss Barrier. Oral Presentation. 1st Research
Conference on Modelling Barrier Membranes, Frankfurt, February 2011. Download from www.biox.biz/Library/Presentations.php

27
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Summary

Keep the measurement chamber closed when not in use (ice build-up).

Enter any comments before the next measurement.

Move the probe swiftly from base to site & from site to site (quicker termination).
Press & release the red probe button to initiate a measurement.

Acclimatise the subject & site as per TEWL Guidelines.

Re-acclimatise after skin stripping.

For repeat measurements, re-position the probe as accurately as possible.

NOoO ok wbdE

Also, look at www.biox.biz for support material including many links to AquaFlux user
publications and pdf downloads of Biox publications & conference presentations
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