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• Reduced perfusion growth under heating in patients indicates violations in mechanisms regulating vasodilation. Increased fluorescence intensity in patients 

in comparison to control group may indicate disorders in tissues oxidative metabolism. 

• The use of the proposed diagnostic method may be useful in accessing of treatment effectiveness in diabetic subjects.

Normalized fluorescence amplitudes (A) and the average perfusion in the stages of heating to 35 and 42 
oC (B) for control (empty red bars), diabetic (loose blue shading) and diabetic with ulcers (tight green 
shading) groups.

Variation of the spectral energy (M(ν)h −M(ν)b) of LDF records caused by the heating up to 35 °C.
Blue areas correspond to the control groups, red – patients with diabetes mellitus type 1, light red –
patients with diabetes type2.

Measurements were carried out on 76 patients diagnosed with diabetes and 46 healthy

volunteers.

LDF signal was decomposed using a wavelet transform: 𝑊 𝜈, 𝜏 = 𝜈  −∞
∞

𝑓 𝑡 𝜓∗ 𝜈(𝑡 − 𝜏) 𝑑𝑡,

where * means complex conjugation. The Morlet wavelet written in the form

𝜓 𝑡 = 𝑒2𝜋𝑖𝑡𝑒  −𝑡2
𝜎 was used for the decomposition with the decay parameter σ = 1.

Integrating the power over time gives the global wavelet spectrum: 𝑀 𝜈 =
1

𝑇
 0
𝑇
𝑊(𝜈, 𝑡) 2𝑑𝑡.
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adults 

have diabetes
(425 million)

№ of stage 1 2 3 4

Methods FS+LDF LDF LDF LDF

T, ᵒС Body temperature 25 35 42

Duration 4 min 4 min 4 min 10 min

Research method using temperature tests

The scatter plot with applied discriminant lines (A) and ROC-curves (B). Squares correspond to the
control, circles – diabetic, triangles – diabetic group with ulcers.
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Spectral ranges of the oscillations in fine structure of capillary blood flow:

• Pulse band (0.6-2 Hz) – heart activity;

• Respiratory (0.145-0.6 Hz) – movement of the thorax;

• Myogenic (0.052-0.145 Hz) – vascular smooth muscle cells reaction;

• Neurogenic (0.021-0.052 Hz) – sympathetic vasomotor activity;

• Endothelium vascular tone regulation (0.0095-0.021 Hz).

Dynamics of perfusion averaged over all measurements

1. I. Mizeva, E. Zharkikh, V. Dremin, E. Zherebtsov, I. Makovik, E. Potapova, A. Dunaev // Microvascular Research, 120, pp.

13-20, 2018.

2. I.A. Mizeva, I.N. Makovik, A.V. Dunaev, A.I. Krupatkin, I. Meglinski // Journal of Biomedical Optics, 22(7), pp. 070501, 2017.

3. E.V. Zharkikh, I.A. Mizeva, I.N. Makovik, V.V. Dremin, E.A. Zherebtsov, E.V. Potapova, A.V. Dunaev // Proc. SPIE 10685,

106854C, 2018.

4. E.V. Zharkikh, V.V. Dremin, M.A. Filina, I.N. Makovik, E.V. Potapova, E.A. Zherebtsov, A.I. Zherebtsova, A.V. Dunaev //

Journal of Physics: Conference Series, 929, pp. 012069, 2017.

REFERENCES

Authors thank the organizers of São Paulo School of

Advanced Science on Modern Topics in Biophotonics

for providing a travel grant.

𝐷2 = −1.52 + 1.11𝐴𝐹365 − 0.15𝐼𝑚

𝐷1 = −2.75 − 0.35𝐴𝐹365 + 0.23𝐼𝑚


