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Abstract: A portable fibre-optic spectrometry set for complex skin in-vivo diagnostics has been assembled and clinically tested. Healthy and pathologic skin areas were compared from the points of colour and spectral features. Skin surface and diffuse reflectance, as well as the blue and green laser excited auto-fluorescence spectra in the visible and near-infrared ranges were studied.
Introduction 
Skin cancer and other pathologies are diseases with tendency to grow in many, especially Nordic, countries. Dermatologists are looking for fast and non-invasive methods and portable devices for early skin diagnostics both in stationary and field conditions. Fibre-optic skin spectrometry may have good potential in this respect. Data on skin colour, reflectance and fluorescence can be obtained this way, with further analysis of the specific parameters and/or markers of the diseases. This work was aimed at development of methodology for complex studies of skin pathologies using these three optical techniques simultaneously.

Equipment and Methods
Scheme of the assembled fibre-optic spectrometry set is presented at Fig. 1. The skin spectra are recorded by the AVANTES BV mini-spectrometer AvaSpec 2048-2 with two fibre-optic inputs covering the spectral range 250…1100 nm with resolution of about 2 nm. The data are displayed, stored and processed by means of a laptop computer.  Four light sources are exploited – a stabilised halogen lamp AVALIGHT-HAL for broadband reflection spectroscopy and colorimetry, and three sources for fluorescence excitation – blue and green lasers and a blue light-emitting diode AVALIGHT-LED-400.  The blue and green lasers are products of B&WTec, Inc. – models BWB-405-40-pig and BWN-532-20-pig, respectively. All light sources are supplied with the SMA-type output couplers for convenient connection to optical fibre cables.
Three design versions of the skin fibre-optic contact probes have been developed and tested. Version A is a Y-shaped bundle with flat common end surface comprising a central detection fibre (connected to the spectrometer) surrounded by 6 illumination fibres, all with silica core of 200 micron diameter. This probe is used either in direct contact with skin for the diffuse reflectance measurements, or can be mounted in a sloped cylindrical holder (Fig. 1, A) for distant measurements of skin colour, surface reflectance and/or fluorescence. The fibre separation distance for this probe does not exceed 1 mm, so reflectance only from the superficial layers of skin can be detected in the contact mode To allow deeper penetration of the probed radiation, a dual-fibre contact probe with variable inter-fibre distance (2…6 mm) was constructed (version B). In order to raise quality of skin fluorescence spectra, a double-sloped probe comprising a slot for filter absorbing the scattered light at the laser/LED wavelengths has been designed (version C).

The above-described fibre spectrometry set is compact and portable – it fits well in a 46x33x16 cm hand-case. Battery-powered measurements in the field conditions are possible, as well.
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Fig. 1. Scheme of the fibre-optic spectrometry set.
Results

To illustrate the system’s capacity, some data obtained from healthy and pathologic skin areas of the same person are compared on Figures 2 - 4.  Figure 5 presents the healthy skin fluorescence bands excited by blue and green laser radiation. 
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Fig. 2. Colour coordinates of healthy skin and hemangioma (a – red/green, b – yellow/blue). 
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     Fig. 3. Diffuse reflectance of cancerous and healthy skin at the red-infrared spectral region.
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     Fig. 4. Intensity ratios of normalized diffuse reflectance spectra for various skin pathologies (2-fibre probe, lesion/healthy interface vs healthy skin).
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     Fig. 5. Healthy skin auto-fluorescence bands at 405 nm and 532 nm laser excitation.

Shift of the skin colour coordinates in the case of hemangioma was observed (Fig. 2); this measurement was taken by the probe option A. Such quantitative colorimetric data are clinically important, e.g. for skin recovery monitoring after therapy/surgery.

The diffuse reflectance recordings (Fig. 3) were taken using the same probe, but in direct contact of the bundle end with the skin surface. If normal skin and melanoma areas are compared, some spectral differences appear. To emphasize such differences, several spectra processing approaches were tested. One possibility is to deal with ratios of the normalised spectra, e.g. dividing the pathology spectrum by that of the healthy skin. As presented on Fig. 4, different pathologies show different spectral dependences of such intensity ratios; eventually this might be exploited as a diagnostic marker in future.

Regarding the laser fluorescence studies, only clean healthy skin has been investigated so far – see Fig. 5. Some decay of integral fluorescence intensity from the skin area irradiated by the green laser has been observed within few minutes. Further studies of fluorescence from pathological areas of skin are needed to find out if such decay could be used as a criterion for diagnostic purposes.
Conclusions

     Portable multi-functional fibre optic spectrometry technique seems to have good prospects for fast and non-invasive early diagnostics of skin pathologies. Further studies are necessary to optimise diffuse reflectance processing schemes and to specify the diagnostic potential of laser-excited skin fluorescence.
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