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Abstract 

Two systems for in vivo measurement of UVA-PF and SPF were tested. Results of in 

vivo measurements with UV diffuse reflection spectroscopy (DRS) are presented. A 

Single LED DRS system showed very good correlation to standard erythema tests 

(SET). The Multi-λ DRS system seems to be promising for in vivo UVA-PF and for 

hybrid DRS (HDRS) measurements. 
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1. Introduction 

For every new sunscreen or cosmetic product 

claiming protection from UV radiation, the sun protection 

factor (SPF) must be determined. The current method is 

invasive by inducing a sun burn for each product [1]. Due 

to the invasiveness of this method, FDA and the 

corresponding EU commission advised the development 

of non-invasive measurements years ago [2]. 

Up to now, spectroscopic in vivo measurements were 

developed by Ruvolo [3] and Rohr [4] for the 

determination of the UVA-PF. The SPF is then 

determined by fitting an in vitro transmission in the UVB 

to the in vivo transmission spectrum in the UVA (Hybrid 

Diffuse Reflection Spectroscopy – HDRS) with a very 

good correlation to the erythema test. 

Recently, we reported that reflectance measurements 

in the whole UV spectral range are promising to 

determine the SPF directly on porcine ear skin, using a 

customized benchtop diffuse reflectance spectroscopy 

(DRS) setup with a Xenon arc lamp [5]. Furthermore, a 

functional single LED DRS sensor design using one 

UVB-LED at 308 nm had been previously tested on 

porcine skin [6] [7]. 

Here, we present the results of an in vivo study on 

human skin using one UVB-LED. In addition, we present 

the development of a new user friendly DRS device for 

SPF and UVA-PF measurements, using a new LED-

based multi-λ-light source. The device is currently tested 

in vivo. 

2. Measurement Systems and Experiments 

With this method, the backscattered light is detected 

at different distances from the incident light. We applied 

the spatially resolved reflectance principle to the UV 

spectral range to determine the extinction by the sun-

screen, which is traversed two times - in and out - the 

skin. By measuring the reflectance before and after the 

application of sunscreen, the attenuation spectrum of the 

sunscreen on the skin can be determined as described 

in our recent proof of principle study [5]. Similar as with 

HDRS, the SPF is based on the UV optical properties of 
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the sunscreen only and is independent of the biological 

UV response. 

2.1 Single LED DRS 

The simplified first functional sensor design consists 

of one UVB-LED and one photodiode as well as a cus-

tomized fiber bundle as described previously [6] [7]. 

2.1.1 In vivo measurements with single LED DRS 

For the in vivo studies with single LED DRS, volun-

teers were measured at 20 positions on their backs 

within an area of 10×10 cm². Reference SPF and UVA-

PF values of 12 sunscreens were provided by the sun-

screen manufacturers as determined by the erythema 

test. Current commercial and newly developed sun-

screens of different formulations were used. Two prod-

ucts have produced outliers and have not been consid-

ered in the evaluation because their SET reference val-

ues were measured with only n=6 volunteers. 

2.2 Multi λ DRS 

The new DRS device (Figure 1) consists of a multi-λ-
LED light source, a 7 channel probe (Figure 2) and an 

84 channel spectrometer to calculate the in vivo SPF 

and UVA-PF taking possible fluorescence of the sun-

screen into account. This is possible by generation of an 

adaptable spectrum optimized for best signal to noise ra-

tio for SPF measurements.  

 

Figure 1: Front panel of in vivo SPF measurement system pro-
totype. 

 

Figure 2: Measurement head of SPF-prototype with 7 meas-
urement points 

2.2.1 UV dose comparison multi-λ DRS vs. SET 

Table 1 compares the applied effective UV doses of 

the standard erythema test (SET) with the in vivo DRS 

method. For DRS the irradiated area is smaller by a fac-

tor 500 than for SET. The total dose applied to the vol-

unteers’ skin is reduced by a factor of at least 2800, 

which becomes even higher when higher SPF products 

are tested. 
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Table 1: Comparison of radiation doses of multi λ in 
vivo DRS with standard erythema test for a re-
alistic application scenario with four products 

Parameter In vivo DRS 
Standard 
Erythema 

Test 

Relative dose <0.2 MED 
(skin type 1) 

~1 MED 

Total irradiated area 
 / mm² 

5.5 mm² 3 150 mm² 

Total dose (4 products) 
 / µJ 

< 160 µJ ~470 000 µJ 

Test duration (4 prod-
ucts) 

< 60 Min > 24h 

Factor of total dose 
(DRS/Standard) 

< 1 : 2 800 

 

Figure 3: Average in vivo remission measured with multi-λ 
DRS on untreated skin 

2.2.2 In vivo measurements with multi λ DRS 

For the in vivo measurements with the multi λ DRS 

System m=4 sun screen products in the SPF range from 

12 to 39 have been tested on the backs of n=10 volun-

teers. Figure 3 shows the average reference signal on 

untreated skin. It shows that the remission below 306 nm 

wavelength is too weak to get a relevant signal to noise 

ratio level. 

 

Figure 4: In vivo single LED DRS (two outliers removed), Photo 
stability not included 

 

Figure 5: 1/T and absorbance spectra of an in vivo measure-
ment on n=10 human volunteers with a sun screen 
product with reference SPF 12 applied. 

 

Figure 6: 1/T and absorbance spectra measured in vivo on 
n=10 human volunteers with a sun screen product 
with reference SPF 21 applied. 

3. Results 

3.1 Single LED DRS 

With Single LED DRS m=12 sunscreen products were 

tested on n=10 volunteers. As shown in figure 4 a very 

good correlation of R²=0.89 could be obtained if two out-

liers were ignored. 

3.2 Multi-λ DRS 

With the current Multi-λ DRS demonstrator in vivo 

SPF and UVA-PF measurements with n=10 volunteers 

and m=4 products have been performed. The correlation 

for UVA-PF in vivo (Figure 7) was very good (R²=0.91). 

For SPF in vivo the signal to noise ratio in deep UVB 

(below 306 nm) was not sufficient to create a good cor-

relation. 

In figure 5 and figure 6 the mean spectra for n=10 vol-

unteers of reciprocal transmission 1/T and absorbance 

are displayed for two of the products. 
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Figure 7: UVA PF from in vivo measurements with m=4 prod-
ucts on n=10 volunteers. Photo stability not included 

4. Discussion and Conclusion 

The good correlation with the Single LED DRS shows 

that the method works in principle in vivo on human skin. 

The signal to nose ratio of this setup benefits from the 

optical binning on one photo diode. However, since the 

photodiode cannot discriminate fluorescence and can 

only approximate the light attenuation relevant for SPF 

determination, a full spectral measurement is necessary 

to overcome these limitations. Using the LED-based 

multi-lambda light source exhibits advantages over a 

Xenon arc lamp because with LEDs the spectrum can 

be composed as needed. 

The current demonstrator for Multi-λ DRS in vivo SPF 

and UVA-PF measurements was tested at the Charité 

University Hospital Berlin. The good correlation for UVA-

PF suggests that the system is ready for UVA-PF in vivo 

determination and applicable for HDRS SPF measure-

ments. The measurements duration for a set of four 

products on one volunteer was 60 minutes plus the time 

needed for application and the residence time of the sun-

screen products (approx. 30 minutes) compared to 

24 hours needed for the same SET. 

The spectral resolution requires a very high signal to 

noise ratio of the spectrometer. An additional challenge 

is the unexpectedly low remission of human compared 

to porcine skin in the range below 306 nm wavelength. 

Therefore a cooled system is required for true in vivo 

SPF measurements. Tests with a cooled spectrometer 

are in progress. 

The very low total effective UV dose justifies the clas-

sification on the presented system as non-invasive.  

Further testing and optimization is ongoing and re-

sults will be reported. 

5. Acknowledgements 

The work is funded by the German Federal Ministry of 

Education and Research BMBF (FKZ 03ZZ0131D) 

within the program Zwanzig20-Partnerschaft für 

Innovation and carried out within the consortium 

Advanced UV for Life. 

6. References 

 

[1]  ISO 24444: Cosmetics - Sun protection test methods - In vivo 

determination of the sun protection factor (SPF), 2010.  

[2]  European Comission, Standardisation Mandate assigned to CEN 

Concerning Methods for Testing Efficacy of Sunscreen Products 

M/389 EN, Brussels, 2016.  

[3]  E. Ruvolo, N. Kollias and C. Cole, "New noninvasive approach 

assessing in vivo sun protection factor (SPF) using diffuse 

reflectance spectroscopy (DRS) and in vitro transmission," 

Photodermatol Photoimmunol Photomed, vol. 30, no. 4, pp. 202-

211, 8 2014.  

[4]  M. Rohr, N. Ernst and A. Schrader, "Hybrid Diffuse Reflectance 

Spectroscopy: Non-Erythemal in vivo Testing of Sun Protection 

Factor," Skin Pharmacol Physiol., vol. 31, no. 4, pp. 220-228, 23 

3 2018.  

[5]  C. Reble, I. Gersonde, S. Schanzer, M. C. Meinke, J. Helfmann 

and J. Lademann, "Evaluation of detection distance-dependent 

reflectance spectroscopy for the determination of the sun 

protection factor using pig ear skin," Journal of Biophotonics, vol. 

11, no. 1, 2018.  

[6]  C. Reble, M. C. Meinke and J. Rass, "No more sun burn," Optic 

& Photonic, vol. 13, no. 1, pp. 32-35, 9 2 2018.  

[7]  M. C. Meinke, S. Schanzer, S. Kobylinski, C. Reble, G. Khazaka, 

G. Wiora, H. Karrer and J. Lademann, "Non-invasive sun 

protection factor determination using one UVB LED and 

reflectance spectroscopy - in vitro and first in vivo 

investigations," in IFSCC Abstract, Munich, Germany, 2018.  

 

 

R² = 0,91

0,0

5,0

10,0

15,0

20,0

25,0

30,0

0,0 5,0 10,0 15,0 20,0

U
V

A
 P

F

UVA PF reference


