
Table of Contents

List of Symbols and Abbreviations.................................................................... vii

List of Figures.......................................................................................................... ix

List of Tables............................................................................................................. xi

1 Introduction .................................................................................... 1

2 State of the Art................................................................................. 3
2.1 Technologies assessing the state of microcirculation .... 3

2.1.1 Systems directly measuring microvascular perfusion 4
2.1.2 Systems acquiring tissue oxygenation............................... 6
2.1.3 Other approaches................................................................ 8

2.2 Capillary diameter variations as parameter .................................. 9
2.3 Scalability of diffuse reflectance spectroscopy............................... 9
2.4 Human skin anatomy..................................................................... 12
2.5 Monte Carlo simulation of photon transport .............................. 15
2.6 Optical Phantoms........................................................................... 17

3 Hypotheses.....................................................................................21

4 Material and Methods....................................................................25
4.1 Shifted Position-Diffuse Reflectance Imaging...............................25
4.2 Monte Carlo simulations ............................................................... 29

4.2.1 Basicsetup.......................................................................... 29
4.2.2 Specific simulation parameters..........................................33

4.3 Quantification of the SP-DRI signal............................................ 36
4.3.1 Modulation parameter Anorm. . . . . . . . . . . . . . . . . . 37
4.3.2 Modulation parameter K and Knorm. . . . . . . . . . . . . 37
4.3.3 Determination of local extrema...................................... 38

4.4 Quantification of changes in the capillary diameter............ 39
4.5 Influence of the optical properties on the regression

parameters......................................................................................39
4.6 Experimental approach................................................................. 42

4.6.1 Optics development........................................................... 42
4.6.2 Opticalphantoms.............................................................. 50

5 Results and Discussion................................................................. 53
5.1 Functionality of SP-DRI (SD)........................................................ 53

https://d-nb.info/1340672200


5.2 Proof-of-concept setup (ED) ......................................................... 55
5.3 Influence of the AN of the detection (SD) ....................................57
5.4 Influence of the illumination parameters (SD) .......................... 60
5.5 Specificity of SP-DRI (SD)............................................................... 61
5.6 Ability for two-point discrimination (SD)....................................63
5.7 Lateral resolution and imaging depth (SD) ................................ 65
5.8 Determination of the capillary diameter (SD)............................. 67
5.9 Influence of the illumination wavelength (SD) .......................... 70
5.10 Prediction of the regression parameters (SD)..............................72
5.11 Development of a dedicated SP-DRI sensor (ED)....................... 79

6 Summary and Outlook.................................................................87

7 Zusammenfassung und Ausblick.................................................91

Bibliography ........................................................................................95


