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Development of a fast non-invasive in vivo measurement of UVA-PF and SPF
with new diffuse reflectance spectroscopy device
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Background
» Current SPF determination according to ISO 24444 requires

Alternative in vivo SPF measurement methods based on in vitro spectrum
* HDRS (Ruvolo et. al. (2014), Rohr et. al. (2018)) - SPF is calculated using scaled

invasive measurements on >10 volunteers per sunscreen
=>expensive and time consuming

* In vitro measurements could not replace in vivo measure-
ments yet since ,,;skin Is not plastic®

* Aim of our research project is development of non-invasive
method based on UV-LED technology

In vitro spectrum, scale factor in the UVA determined in vivo by the use of double
monochromators

e PHDRS (Cole et. al. (2019)) - SPF is calculated using scaled in vitro spectrum,
scale factor in the UVA determined in vivo by the use of polychromatic, filter based
measurement

*"Pure in vitro- improvements by standardization expected in the future

Approach 1) First functional sensor design for direct estimation of SPF in vivo

Method Results
* DRS (diffuse reflectance spectroscopy), “photon banana“ ® Good correlation with standard erythema test (two outliers of development

* Device based on: llyrmingtion
1 UVB LED
e customized fiber bundle
e photodiode in 3 distances

* Aims on field studies
(stand alone device)

* Dose corresponds to 1/10 MED of skin type 2

* Measurements after sunscreen application according
to ISO 24444, only with DRS instead of erythema test
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e optical binning and good choice of LED spectrum allows good correlation
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Approach 2) Spectroscopic device for in vivo measurements

Method Results

* DRS (diffuse reflectance speotroscopy) “photon banana“ ® Spectrum shows drop in UVB, depending on signal strength
e Device based on: => petter SNR with cooled sensor

reflectan untreated skin
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e customized multi-lambda-LED
light source g

* Good correlation with standard erythema test in HDRS mode for SPF and UVA-PF
*“Pure in vivo® mode seems possible up to certain limit of SPF/ UVB signal strength

e customized fiber bundle
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e customized spectrograph
e AIms on research studies and

SPF measurements in test institutes
* Different operation modes
1) HDRS

2) “pure in vivo“
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Discussion and Conclusion

* Results with first functional sensor suggest that UVB measurements can give sufficient signal for direct SPF estimation

* Results with multi-lambda device suggest suitability for HDRS measurements

* Pure in-vivo spectra may be beneficial in research application, since true skin filter interactions in the UVB can be measured

* Further studies necessary to establish detection limits in ,pure in vivo“-operation mode

e Additional determination of photo stability by external device is required yet

e ED-based light sources overcome limitations of traditional solar simulators. LEDs can be pulsed, Multi-lambda sources can be customized,
single-wavelength illumination allows fluorescence detection

e Our method uses non-invasive UV-doses AND is much faster as compared to the erythema test
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