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ABSTRACT

We report a development of hyperspectral polarization imaging approach for assessment of age-related skin
changes. The degree of residual polarization is used as a quantitative marker of the age-related pathological
malformations. The developed approach in frame of express analysis of the degree of residual polarization in
each pixel of the image are shown.
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1. INTRODUCTION

The accompanying structural and functional changes of collagen during tissue glycation make a significant
contribution to the development of age-related pathologies associated with diabetes mellitus (DM), affecting the
heart and blood vessels, eyes, kidneys, nerves, causing a number of complications that lead to a high risk of
disability and a threat to life.! According to the International Diabetes Federation (IDF), the problem of early
diagnosis and monitoring the effectiveness of DM treatment is one of the most acute in modern healthcare. DM
is one of the ten deadliest diseases in the world, with a yearly mortality rate over 1M. In 2017 there were 425M
patients with DM in the world, and by 2045 this figure will increase to 629M.! Recent studies have noted that
timely diagnosis and treatment, including increasing patient control, reduces complications and makes it possible
to reverse their development if detected in the early preclinical stages.

In recent years, it has been established that developing DM, as well as human aging leads to an increase
in the level of protein glycation. This is accompanied by an increase in the so-called advanced glycation end-
products (AGEs),? which affect the properties of collagen and other structural proteins of the capillary membrane
and skin. By monitoring collagen structures, we are able to evaluate skin status and inspect age-related skin
changes. These changes can be recorded, for example, using fluorescence measurements.?> The diffuse reflected
light penetrates the skin and depolarizes by the birefringent skin collagen fibers. Interaction of polarized light
with human skin was studied previously see, for example, Refs.*® Prediction of diabetic ulcers can also be
based on detection of changes in skin structure and formation of collagen scarring, which can be detected via
polarization imaging even when fibrosis is invisible by naked eye.

The aim of current study is to introduce and test a hyperspectral polarization imaging device and the method
for monitoring age-related human skin changes in vivo, as well as the sensitivity of the method to the recognition
of skin scars.
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2. MATERIAL AND METHODS

We use a modified version of the hyperspectral imaging system based on a Fabry-Perot interferometer. The
detailed description of hyperspectral system is presented in Ref.>” In the present study, we adapt this system
to measure the degree of residual polarization of radiation reflected from a biological tissue. The system was
equipped with a rotating linear polarizer, which can be placed either parallel or perpendicular to the initial
polarization of the light source. Two hyperspectral images were acquired I., when the analyzer was parallel
to the illumination and I..,ss when the analyzer was perpendicular to the illumination. The degree of residual
polarization is defined as:
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To obtain the residual polarization spectra, the hyperspectral cube was normalized to the images of the re-
flectance standard. 32 healthy volunteers (9 males and 23 females, aged 22-76 years) were recruited to participate
in the experiment. In total, over 100 hyperspectral images were recorded. Hyperspectral images of skin in co-

and cross-polarization were recorded on the palm dorsal surface, as well as in the scar areas. Then, in accordance
with Eq. 1, the degree of residual polarization was counted.

3. RESULTS AND DISCUSSION

Fig. 1a shows the averaged spectra of residual polarization for two volunteers groups: under 40 years and over 40
years. Hyperspectral measurements make it possible to calculate the integral parameter of residual polarization
over the entire wavelength range as an area under the residual polarization spectrum (total DOP). A statistically
significant increase of this parameter in elderly volunteers can be observed (Fig. 1b). Fig. 1c shows the significant
relationship between total DOP and age (r=0.89, p<0.001).
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Figure 1. (a) Residual polarization spectra for two age groups: up to 40 years and after 40 years; (b) comparison of total
DOP among two age groups; (c) relationship between total DOP and age (blue circle - under 40 years; red triangle -
over 40 years). A MannWhitney U-test was used to identify differences between the two groups.
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Figure 2. An example of the total DOP images: (a) 23 years; (b) 52 years; (c) 71 years. ROI indicates the averaging
area to obtain the residual polarization spectra.
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Fig. 2 shows examples of the total DOP images for three female volunteers of different ages. The above
dependence of the total DOP on age is observed.

Additionally, the scar was studied to assess the possibilities of the presented method for monitoring collagen
changes in biological tissues. Fig. 3a,b show the images of the finger scar obtained for co- and cross-polarized light
detection, respectively, in the spectral band of hemoglobin absorption (580 nm). The choice of this wavelength
is associated with better visualization of the upper affected skin layers. The images in co- and cross-polarization
show hard to distinguish regions of scar. However, the degree of residual polarization image (Fig. 3c) shows
this region as a more contrasting signal relative to normal skin. Approach with calculation of total DOP can
significantly improve visualization of alterations in collagen structure and the contrast of the image (more than
10%), as shown by the arrow in Fig. 3d.

Figure 3. Images of finger scar: (a) Ico; (b) Icross; (¢) DOP and (d) total DOP equal to the area under the residual
polarization spectrum.

We assume that the shown differences, characterized by age-related collagen changes, can form the basis for
the diagnosis of DM complications. As already mentioned, AGEs contribute to the mechanisms responsible for
the development of complications in diabetes. Formation of intracellular AGEs promotes violation in protein
function, with their accumulation acting as an objective marker for the tissues glycation. Changes in AGE
content reflect long-term processes in the diabetic skin.? Considering the long molecular lifetime of collagen and
the stability of AGEs, it is possible to use degree of residual polarization as a measure of the total impact of
hyperglycemia throughout the course of life.

It should be borne in mind that the blood content in the biotissue, epidermis thickness and some other
factors may affect the residual polarization spectra. Thus, hyperspectral polarization imaging makes it possible
to selectively monitor the change in the concentration of different chromophores in biotissue.

4. CONCLUSION

We conclude that hyperspectral polarization imaging shows promise for in vivo noninvasive real-time assessment
of age-related skin changes. Availability of new diagnostic tool in remote areas have a high potential to increase
the coverage of population screening and improve healthcare and quality of life. The results of the work can
form the basis for the development of innovative screening medicine and self-management medicine. Thus, the
development of new optical diagnostic methods has potential to find promising application in diagnosing diabetes
disorders.
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