
Conclusion

This book shows that optical immersion technology allows one to effectively con-
trol the optical properties of tissues and blood. Such control leads to the essential
reduction of scattering and therefore causes much higher transmittance (optical
clearing) and the appearance of a large amount of least-scattered (snake) and bal-
listic photons, allowing for successful application of coherent-domain and polar-
ization imaging techniques. The dynamics of tissue optical clearing, defined by the
dynamics of refractive index matching, is characterized by a time response of about
5–30 min, which in its turn depends on the diffusivity of the immersion agent in
a tissue layer, water diffusion rate, and tissue layer thickness. The tissue and cell
swelling or shrinkage may play an important role in the tissue clearing process at
application of hyperosmotic agents.

In vivo reflectance spectrophotometry and frequency-domain measurements for
immersed tissues show that the refractive index matching technique provided by
the appropriate chemical agent can be successfully used in tissue spectroscopy and
imaging when radical reduction of scattering properties is needed. Hyperdermal
injection of glucose causes the essential clearing of human skin. For such tissues as
sclera or cornea, some drops of glucose is sufficient to make up very high and rather
prolonged tissue clearing. In in vivo experiments, the impregnation of a tissue by
an agent is more effective than in in vitro studies due to the higher diffusivity
of an agent at physiological temperature and by involvement of blood and lymph
microvessels into the process of agent distribution. Optical clearing may play a
significant role in the designing of optical technologies for imaging of small living
animals in studies of gene expression.

Dynamic optical characteristics can be used for the determination of the dif-
fusion coefficient and concentration of endogenous (metabolic) and exogenous
(chemical agent) fluids in human sclera, skin, and other tissues.

The immersion technique has great potential in noninvasive medical diagnos-
tics using OCT due to the rather small thickness of tissue layers usually examined
by OCT, which allows for fast impregnation of a target tissue during a topical
application of an immersion liquid. It has been demonstrated that the body’s inte-
rior tissues such as the blood vessel wall, esophagus, stomach, cervix, and colon
can usually be imaged at a depth of about 1–2 mm. For more effective diagno-
sis using OCT, a higher penetration depth can be provided by applying immersion
substances.

The method of clearing tissue is convenient, inexpensive, and simple for di-
agnostic purposes; in particular, it can be applied for in vivo monitoring of mi-
crocirculation. It may be useful for the study of structure and function of blood
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microvessels—diameters of arterioles and venules, capillary density, bifurcation
angles, etc.

Optical clearing might be a fruitful technique for various methods of tissue
spectroscopy, microscopy, and imaging (Raman, fluorescence, confocal, laser scan-
ning, near-field, multiphoton, SHG, etc.), where scattering is a serious limitation.

(a)

(b)

Figure 99 Optical clearing of the cranial bone samples.181 (a) The reflectance spectra of
porcine temple bone measured concurrently with administration of propylene glycol at dif-
ferent time intervals (a fiber-optical spectrometer with a source-detector separation of about
200 µm). (b) The human bone samples: the reduced scattering coefficient wavelength de-
pendence before (upper) and after 1 hr administration of the glycerol (lower); integrating
sphere spectrometer, inverse adding-doubling method.
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Encouraging results were recently received in the enhancement of a single-photon
fluorescent signal, as well as in improvement of image depth and contrast of two-
photon fluorescence and SHG imaging at tissue immersion. It is important to note
that the reduction of light scattering may help in the differentiation of various flu-
orophores in the depth of a tissue—for instance, of skin.

The concept of index matching improving the optical penetration depth of
whole blood has been proved experimentally in in vitro studies. It should be ac-
counted for that blood optical clearing is defined not only by the refractive index
matching effect, but also by changes of red blood cells’ size and their aggregation
ability when chemicals are added.

Immersion optical clearing technology is applicable not only to soft tissues and
blood, but also to hard tissues. At present, tendon (see Figs. 49 and 50),33,34,101

cranial bones (see Fig. 99),181 and tooth182 have been tested. As it follows from
Fig. 99(a), bone optical reflectance is very sensitive to impregnation of the super-
ficial bone layers by clearing agents. This is a viable method for the study of bone
demineralization (bone porosity). Figure 99(b) also demonstrates a high sensitivity
of the scattering coefficient (reduction) to an immersion agent action, especially
for the longer wavelengths, where water dispersion is essential.

Many of the tested agents and methods of their delivery have some advantages
and disadvantages. The main disadvantages are the osmotic stress, which occurs
at high concentration of osmotically active agent applied, and low permeability of
tissue cell structures for the clearing agents. Therefore, the finding of new agents
and delivery techniques is important. For example, it was recently proved that the
mixture of prepolymers PPG/PEG has excellent clearing properties; the diffusiv-
ity in human skin is on the order of 0.2 mm/hr and it has no detectable influ-
ence on the tissue blood vascular system.102,274,325 A few methods of enhancing
skin permeability based on limited thermal damage in the SC was also recently
proposed.196,347,349–352

Tissue optical clearing technology using an appropriate immersion agent can
be applied for the temporal reduction of scattering needed for providing a pre-
cise laser photodisruption of the underlying tissue in ophthalmology36 or skin tat-
too removal.374,375,389 Evidently, reversible tissue optical clearing technology has
valuable features to be applied not only to tissue spectroscopy and diagnostics, but
also to a variety of laser and photothermal therapies and surgeries.
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cationized horse ferritin, 152
cavitation, 158, 161
CCD camera, 178
cells, 133
cell cornification, 133
cell damage, 133
cell death, 133, 143
cell membrane, x, 147
cell motility, 133
cell permeability, 133
cell shrinkage, 134
cell transfection, 160
cellular monolayer, 176
cerebral blood flow, 108
cerebral membrane, x
cervical intraepithelial neoplasia, 211
cervical mucus, 152
cervical tissue, xi
cervix, 178
chemical agent delivery, 147
chemical enhancers, 156
chemical potential, 46
chemical potential of water, 18
chemiluminescence, 97
chicken skin, 79, 104
Chinese hamster ovary cells, 160
chirality, 134
choroid, 48
chromaticity coordinates, 48

chromatin filaments, 211
ciliary body, 32, 48, 56
ciliary muscle, 55, 191
ciliary pigmented epithelium, 55, 191
circulating, 112
coagulated tissue, 209
coagulation, xi
coefficient of diffusion, 13
coefficient of permeability, 16
coherence length, 170
coherent beam, 63
cold cataract, 211
collagen, x, 3, 21, 62, 98, 100
collagen denaturation, 209
collagen dissociation, xi
collagen fibers, 12, 203
collagen fibers’ reversible dissociation, 104
collagen fibrils, 73, 193
collimated transmittance, 18, 32
colloid isoelectric point, 19
colonic mucosa, 84
color triangle, 48
colposcopic exam, 211
complex amplitude of the scattered light, 64
complex refractive indices, 4
complexly shaped scatterers, 7
compressing, 193
confocal microscopy, 94, 151
confocal probe, 94
confocal reflectance images, 211
confocal scanning microscopy, 162
conjunctiva, 48, 54
connective tissue, 1, 83
contrast, 63, 175
contrasting of tissue abnormalities, 74
cooling, 173
cooperative (interference) effects, xi, 193
cornea, 21, 87
corneal stroma, x
corneal thickness, 22
corneocytes, 155
cornified layer, 61
correlated scattering, 6
correlation analysis, 175
correlation length, 63, 175
correlation time, 187
correlation-corrected distribution, 7
cosmetic lotions, x, 62, 148
cranial bones, 215
cranium, 59
creams, 155
cross-correlation function, 177
cross-linking of collagen, 104
crossed polarizers, 93
curcumin, 162
cytochrome c, 154
cytochrome oxidase, x
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cytoplasma, x
cytoplasmic organelles, 1, 2
cytoskelton, 159

D
D periodicity, 20
decylmethylsulfoxide, 157
degree of permeability, 18
dehydration, 93, 103, 208
dehydration effect, 65
densely packed disperse system, 23
densely packed particles, 6
deoxyhemoglobin, 202
depolarization depth, 131
depolarization effects, 177
depolarization efficiency, 89
depolarization length, 89
derivatives of amino acids, 151
dermal vasculature, 82
dermis, 62, 103, 170
desquamation of the SC, 165
destructive interference, 64
deterioration, 71
developed speckles, 64, 176
dextrans, 112
diabetes mellitus, 167
dielectric spheres, 3
differentiation of vital cells, 143
diffuse reflectance, xii, 32, 83
diffuse reflectance spectra, 68
diffusion coefficient, 51, 54, 150
diffusion coefficient of glucose in dermis, 73
diffusion coefficient of water, 51, 68
diffusion equation, 12
diffusion model, 101
diffusion process, 184
diffusion through a biological membrane, 51
diffusion time, 15
diffusion-wave spectroscopy, 177, 186
diffusional pathlength, 156
diffusional resistance, 148
diffusivity of proteins, 152
diffusivity of water, 61
digital autocorrelator, 186
dimethylsulfoxide (DMSO), 62, 68, 157
diode-pumped solid-state laser, 99
dipropylene glycol, 70
directed blood flow, 186
disaggregation processes, xii
dissolved molecule, 18
distribution of speckle sizes, 175
distribution size function, 6
DOPE (dioleylphosphatidylethanolamine),

151
dorsal skin, 65, 95
dried tissue, 21
drug cytotoxicity, 160

dry volume, 20
dura mater, 19, 87, 108
dye laser, 95
dynamics of tissue optical clearing, 47
dysplastic nuclei, 3
dysplastic tissue, 211

E
edema, xii
effective pore radii, 156
elastic scattering, 3
elasticity, 61
elastin, x, 21
elastin fibers, 3, 62, 88, 100
electrical resistance, 61
electron micrographs, 23
electronic correlator, 186
electroosmosis, 158
electrophoresis, 70
electrophoretic applicator, 71
electroporation, 158
empirical probability density function, 63
emulsions, 150
encapsulated drugs, 159
encapsulated molecular probes, 159
endogenous osmic liquid, xi
engineered tissue model (raft), 103
enhanced agent delivery, 82
enhanced molecule delivery, 148
enhancement of transmittance, 79
enzymes, 161
epidermal cell nuclei, 211
epidermal glue stripping, 71
epidermis, 61
epithelial cells, 7
epithelial disease, 211
epithelium, 83, 85
erbium laser, 161
erythema, xii, 71
erythematous human skin, 194
erythrocyte cytoplasm, 112
erythrocyte size, 125
erythrocytes aggregation, 112
erythrocytes’ volume, 112
esophagus, 84
ethanol, 156
ethanol/glycerol solvents, 165
ethanol/propylene glycol composition, 156
eukaryotic ribosomes, 155
excimer laser, 210
exogenous osmotic liquid, xi
exponential factor, 177
extracellular media, 87
extrafibrillar material, 21
eye, 178
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F
far-field diffraction zone, 176
fat cellular layer, 62
fat-free dry weight, 3
femtosecond laser pulses, 188
fiber probe, 32
fiber-based dual-channel phase-sensitive

optical low-coherence reflectometer
(PS-OLCR), 170

fibroblasts, 3, 88
fibrous tissue, x, 19–20
Fick’s law, 16
fine porous medium, 150
finite-difference time-domain (FDTD)

approach, 144
first-order speckle statistics, 175
fixed tissue samples, 55
flashlamp system, 68
flow of water, 150
flow velocity, 107
fluence rate, 11, 12
fluid diffusion, 46
fluid transport, 43
fluorescence, 95
fluorescence probe, 97
fluorescence recovery after photobleaching

(FRAP), 152
fluorescence scanning microscopy, 98
fluorescent source, 97
fluorophores, 97
flux of matter, 16
focal area, 98
focused laser beam, 63
follicular infundibulum, 164
follicular orifices, 164
formalin fixing, 104
forward-scattered photons, 26
Fourier transform, 176
fractal object, 7
Franz diffusion chamber, 147
free convection, 208
free diffusion, 12
free water, 70
freezing, xi, 208
frequency-domain technique, 52
Fresnel reflection coefficient, 11
fungi, 133

G
β-galactosidase, 155
gamma distribution, 7
gastrointestinal mucus, 151
gastrointestinal tissues, 83–84
gating technique, 103
Gaussian, 208
Gaussian statistics, 64, 177
gels, x, 62, 70

gel fiber, 152
gene, 160
gene expression, 178
glass substrate-glue technology, 63
glaucoma, 191
globular proteins, 151
glucose, x, 32, 58, 62, 100, 107, 112, 129
glucose clamp experiment, 167
glucose diffusion in water, 73
glucose gel, 71
glucose uptake, 175
glucose-water solution, 32
glycation, 112
glycerine-aldehyde-3-P-dehydrogenase, 155
glycerol, x, 58, 62, 70, 100, 107, 109, 112,

147
glycerol gel, 71
glycerol injection, 71
glycerol-water solutions, 62
glycerol-water-urea solution, 64
glycolipids, 206
gold, 159
granular layer, 61
green fluorescence protein (GFP), 160
ground matter, xi, 62
growth cycle, 133
gyaluronic acid, 151

H
hair follicles, 82, 151, 158
hair shaft, 164
hamster skin, 71
hard tissues, 215
heartbeats, 76
heating, 70
helix of collagen secondary structure, 103
hematocrit, 112, 129
hematous tissue, x
hemoglobin, 112
hemoglobin absorption, 58, 74
hemoglobin glycation, 167
hemoglobin oxygenation, 112
hemoglobin saturation, x
hemolysis, 107
hemolyzed blood, 125
hemorheological status of patients, 124
hexagonal arrangement, 21
hindered diffusion, 16, 156
homogeneous slab, 15
human aorta, 208
human cervical mucus, 147
human dermis, 205
human dura mater, 58
human epidermal membrane, 147, 156
human fat tissue, 107
human immunoglobulin molecules, 152
human sclera, 23, 52
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human serum albumin, 134
human skin, 147, 194
human skin in vivo, 99
humidity, 61
hydration, 20
hydration of spores, 143
hydration of the dermis, 61
hydrodynamic diameter, 151
hydrophilic component, 82
hydrophilic compounds, 156
hydrophilic polyethylene glycol (PEG)-based

prepolymers, 82
hydrostatic pressure, 19, 48, 159
α-hydroxy acids, 151
hydroxyapatite crystals, 87
hydroxyethyl cellulose, 70
Hypaque-76, 189
hyperinsulinemic-hypoglycemic clamp, 170
hyperosmotic agents, 10, 100, 112
hyperosmotic saline, 212
hypodermic fatty layer, 65

I
ideal partially permeable membrane, 19
image contrast, 91, 94, 99
imaging, 103
imaging contrast, 79
immersion liquid, 23
immersion technique, 143
impermeable wrap, 155
implant, 191
in vivo frequency-domain measurements, 75
in vivo measurements, 54
indocyanine green (ICG), 74, 165
induced erythema, 202
injection, 52
injection of distillate water, 71
insulin, 158
integrating sphere, 32
integrating sphere (IS) technique, 194
integrating sphere spectrophotometer, 33
intensity modulation, 52
intensity probability density distribution

function, 63, 175
interacting fluxes, 43
intercellular lipids, 155, 164
intercellular motility, 98
interference, 63
interfibrillar space, 14, 17, 20, 47
interfibrillar substance, 12
intermolecular spacing, 20
interparticle correlation effects, 7, 112
interstitial liquid, xi
intracellular diffusion, 155
intracellular fluids, 193
intracellular organelles, 134
intradermal injection, 71, 98, 107

intravascular structures, 112
intravenous bolus injection, 171
intravenous clamping technique, 171
intravessel injection, 129
intrinsic birefringence, 89
intrinsic muscle proteins, 154
inverse adding-doubling method, 32
inverse Monte Carlo method, 32
ionic strength, 20
iontophoresis, 158
irreversible changes, 46
irreversible thermodynamics, 18
isoosmotic condition, 134
isotonic condition, 134
isotropic scattering, 10
isthmus, 85

K
keratinization, 61
keratinocytes, xi, 62

L
lamina propia, 85
laminar blood flow, 113
Langer’s skin tension lines, 205
large-size inhomogeneities, 176
laser, 210
laser heating, xii
laser skin surface ablation, 161
laser speckle imaging, 109
laser-assisted optoporation, 160
laser-generated stress waves, 158
lateral resolution, 170
lattice of microzones (islets), 68, 160
law of Gladstone and Dale, 1
lenslets, 176
leukocytes, 112
limited thermal damage, 68, 160
linear anisotropy, 87
linear birefringence, x, 134
linear optical properties, 104
linear polarization, 47
lipids, 3, 150
lipid bridges, 61
lipid lamellae, 158
lipophilic, 156
lipophilic polypropylene glycol-based

prepolymers (PPG), 82
liposomes, 70, 151
living scattering etalon, 48
local heating, 48
local heating of the plasma membrane, 160
long-pulsed laser heating, 210
loss of water, 208
lotions, 155
low-frequency oscillations, 43
low-step scattering, 12
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Lugol’s iodine solution, 212
lymph microvessels, 213
lymphocytes, 3
lysozyme, 152

M
malignant melanoma, 80
mannitol, 58, 156
mass fractal, 8
mass loss, 68
mass measurements, 68
mean diameter of a speckle, 180
mean free path length, 113
mean free path of a photon, 26
mean index variation, 2
melanin granules, 1
melanin nanoparticles, 159
melanin pigmentation, 202
melanin synthesis, xii
membrane acquaporins, 159
membrane brightness, 144
membrane permeabilization, 159
membrane porosity, 156
mesh effective spacing, 152
metabolic activity, 55
metabolites, 161
method of T-matrices, 7
methylene blue (MB), 165
microbial infections, 161
microcirculation, 107
microfocusing effect, 176
microinjection, 152
microoptical model, 6
microorganisms, 61, 133
microspectrophotometry, 152
mitochondria, 2, 88
mixture of prepolymers PPG/PEG, 215
mode-locked dye laser, 99
modulation depth, 52
moisture factor, 70
moisturizers, 70
molecular displacement processes, 18
monodisperse tissue model, 3
Monte Carlo modeling, 23, 55
Monte Carlo simulation, 94, 191
motion artifacts, 173
mucins, 151
mucopolysaccharide, 151, 193
mucosa, 83
multichannel fiber-optic switcher, 52
multifiber detection system, 52
multilayered tissue structure, 97
multiphoton fluorescence scanning

microscopy, 98
multiple scattering, 12, 26, 176
multiple-single scattering transition, 47
muscle, x–xi, 87
muscle tissue, 85, 168

myelin, 87
myocardium, 88
myofibrils, 88
myofilamental lattice, 155
myofilaments, 88
myoglobin, 154

N
natural moisturizing vegetal compounds, 70
Nd:YAG laser, 99, 191
needle-free injection gun, 161
negative uniaxial crystal, 89
nerve, 87
New Zealand rabbits, 171
NIR frequency-domain reflectance

techniques, 167
noncoagulating heating, 208
noninteracting thin cylinders, 17
nonlinear spectroscopy, 103
nonlinear susceptibility, 103
normalized statistical moment, 175
nourishing (nutritive) creams, 150
nuclear scatter, xi
nucleic acid, 157
nucleus, 211

O
OCA, 187
occlusion, 155
occlusion spectroscopy, 170
oils, 150
ointments, 155
oleic acid, 62, 68, 157
optical activity, x
optical breakdown, 188
optical clearing, 111, 178
optical clearing potentials (OCP), 147
optical coherence tomography (OCT), 78
OCT images, 107
OCT signal slope, 173
OCT technique, 170
OCT-based glucose sensor, 173
optical depth, 113
optical functional tomography, 178
optical immersion of cells, 133
optical immersion technique, 12, 100, 105
optical properties of blood, 112
optical sectioning, 99
optical transmission, 193
optically clarified blood, 112
oral glucose tolerance test, 168
oscillations, 46
osmolarity, 129, 147
osmotic dehydration of erythrocytes, 112
osmotic pressure, 19, 48, 134
osmotic strength, 51
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osmotic stress, x
oxygen, 161

P
packing factor, 6
paraffin oil, 162, 164
paraxial region, 177
particle separation distance, 25
passive transport, 156
patent blue V, 162
peeling creams, 151
PEG, 32
penetration depth, 86, 99
percutaneous absorption, 155
permeability, 66
permeable membrane, 16
permeation efficiency, 147
permeation pathways, 156
perovskite, 210
petrolatum, 155
pharmaceutical products, x, 62
phase contrast, 145
phase contrast microscopy, xi
phase delay, 88
phase difference, 88
phase fluctuations, 175
phase plate, 89, 185
phase refractometry, 133
phase retardation, 88
phase shift, 52
phase transition of membrane lipids, 160
phenol red, 160
phonophoresis, 158
phospholipids, 151
photodisruption, 188
photodynamic acne treatment, 165
photomechanical waves, 158
photomultiplier, 186
photon-density wave, 52
photon-diffusion theory, 6
photon diffusion coefficient, 12
photon migration paths, 55
photon statistics, 23
phototherapy, xii
photothermal therapy, 111
physiological hydration, 20, 21
physiological pH, 20, 157
physiological solution, 32
physiological temperature, 42
pigmentation, 33
plasma membrane, 159
plasmid DNA, 159
point-spread function, 94
pointwise compression, 194
pointwise mechanical stress, 47
polar molecules, 156
polarization, 177

polarization anisotropy, x
polarization components, 88
polarization images, 185
polarization immersion effect, 93
polarization-speckle microscope, 93
polarized light microscope, 93
polarized reflectivity, 205
polidispersity, 129
pollutions, 61
polydispersion, 6, 112
polyglycerylmethacrylate, 70
polymer gel, 152
polymer mixture, 82
porcine sclera, 194
porcine skin, 68, 97
porcine stomach, 86
porosity coefficient, 15
porous material, 15
porous nylon microspheres, 165
positive uniaxial birefringent medium, 88
posterior interface, 56
powders, 155
power law, 180
power spectrum, 176
precancerous condition, xi
precoagulated tissue, 209
presbyopia, 191
prolated ellipsoidal particles, 7
propylene glycol, x, 62, 70, 100, 107, 162
protective function, 61
protein, 3, 33, 151, 193
protein aggregation, 211
protein-bound water, 70
protein denaturation, 209
protein solutions, 142
protein/lipid ratio, 206
protein/lipid/water matrix, 87
proteoglycans, 20, 22
“pseudohexagonal” arrangement, 22
psoriatic erythrodermia, 79
pulse shape, 99
pulsed Nd:YAG laser, 210
pyrrolidonecarboxylic acid, 151

Q
Q-switched alexandrite laser, 191
quality of images, 59
quantum dots, 159
quasi-periodic oscillations, 46, 184

R
rabbit cornea, 22
rabbit dura mater, 58
radial distribution function, 23
raffinose, 156
raft tissue, 210
random phase screen, 177
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random phases, 63
random process, 176
random relief, 63
rat fibroblast cell clone, 143
rat mesentery, 107
rat prostate carcinoma, 7
rate of contrast, 103
Rayleigh limit, 88
Rayleigh–Gans approximation, 168
RBC packing function, 129
RBC sedimentation, 120
RBC shrinking (acanthocytes), 124, 129
RBC swelling (spherocytes), xii, 124
RBC-plasma interface, 120
red blood cells, 112
reduced scattering coefficient, 11, 32, 208
reflectance, x, 48
reflection spectra, 23
refractive index, 32–33, 147, 170
refractive index matching, 26, 129, 146
refractive index mismatch, 112, 167, 207
refractive index of blood plasma, 127
refractive index of erythrocyte cytoplasm,

117
refractive index of water, 32
refractive indices of bacteria, 143
rehydrated sample, 65
rehydration of lyophilized bacterial cells, 143
rehydration process, 65, 104
relative contrast, 100
release of sebum, 165
removal of blood, 193
reproductive tract, 151
respiratory tract, 151
resurfacing techniques, 161
reticular dermis, 94
reticular fibers, 88
reticulin, x, 21
retina, 32, 48, 87
reversible dissociation of collagen, 93
rhodamine fluorescent film, 95
ribosomes, 2
rod-shaped particles, 6
rodent tail tendon, 93

S
saline bath, 209
sampling depth, 175
sarcoplasmic protein, 155
saturation of contrast, 101
saturation of the optical transmittance, 66
scanning rate, 181
scattered photons, 98
scattering angle, 5
scattering anisotropy factor, 129
scattering coefficient, 112, 129, 170
scattering phase function, 4

sclera, 32, 87, 191
sclera color, 48
sclera inflammation, 54
sclera transmission, 23
scleral optical clearing, 185
scleral stroma, x
sclerotomy, 190
sea collagen, 151
sebaceous glands, 162, 165
second-harmonic generation (SHG), 103
SHG photon recycling, 104
SHG polarimetry, 103
SHG radar graph, 104
sedimentation process, 113
sedimenting blood, 112
self-beating efficiency, 186
self-diffusion coefficient, 150
semipermeable membrane, 18
shape of eryhrocytes, 112
shape of the aggregates, 124
shear forces, 170
sheet-like particles, 6
shrinkage, xii, 19, 43, 208
shunts, 108
Siegert formula, 186
silicon oil, 164
silicon wax, 150
single scattering model, 79
single-mode fiber, 186
single-mode He:Ne laser, 180
single-scattering, 12
size distribution, 6
size of a speckle, 63
skeletal muscle fibers, 147, 154, 175
skewed log-normal distribution, 6
skin, 61, 151, 178
skin appendages, 162
skin autofluorescence, 194
skin barrier function, 156
skin color appearance, 202
skin compression, 194
skin dermis, x
skin flap window, 96, 107, 109
skin flaps, 205
skin heating, 173
skin irritation, 157
skin microdermabrasion, 161
skin permeation, 148
skin phototype, 191
skin reservoirs, 162
skin stripping, 63, 158, 176
skin surface temperature, 206
skin temperature fluctuations, 173
slow diffusion, 193
small living animals, 178
small-scale intensity oscillations, 176
smooth muscle, 175
sodium fluorescein, 162
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sodium lactate, 70, 151
sodium lauryl sulfate, 159
soft tissue, 1
solvent convective flow, 158
sonophoresis, 70, 158
source term, 11
source-detector separation, 11
spatial correlation, 25, 178
spatial fluctuations, 63
spatial resolution, 94
spatial-temporal fluctuations, 43
spatially resolved diffuse reflectance, 18, 167
spatially resolved steady-state reflectance, 11
specific refractive increment, 33
speckle, 63, 173
speckle “boiling”, 180
speckle correlometer, 180
speckle fields, 177
speckle intensity fluctuations, 63
speckle patterns, 63
speckle topography, 175
spectral measurements, 63
specular component, 180
spores, 133
squeezing, 193
standard deviation, 175
statistical analysis, 175
statistical approach, 1
statistical mean index profile, 1
statistics of the second order, 175
stomach, 84
stratum corneum (SC), 61
SC ablation, 161
SC hydration, 70
stretched human skin, 203
stretching, xi, 193
stromal edema, 22
structure function, 176
subcutaneous glucose concentration, 175
subdermis, 205
subepidermal blisters, 80
sucrose, 156
sugars, 151
sunscreen creams, x, 62
superluminescence diode, 78
surfactants, 157
sweat glands, 61, 156
swelling, 19, 22, 134
swelling area, 73
swelling of the corneocytes, 156
swelling white ring, 73
synergetic effect, 83

T
tape stripping method, 162
tattoo ink, 191
tattoo lightening, 191

tattoo removal, 191
technical lecithin, 150
temperature coefficients, 205
temperature-modulated skin, 206
temporal intensity fluctuations, 63
tendon, x, 87, 103
Tenon’s capsule, 55
tensile strength, 61
tension in wound closures, 205
testis, 87
thermal conductivity, 61
thermal damage, 209
thermal denaturation, 161
thermal insulation, 208
thermo-optical response, 207
thermodynamic activity, 157
thin membrane, 16
threshold for injury, 191
thrombocytes, 112
time-dependent transmittance, 48
tissue, x, xi, 19, 20, 22
tissue birefringence, 87
tissue dehydration, xi, 86
tissue expanders, 205
tissue fixation, 104
tissue hydration, 20
tissue matrix, 1
tissue optical clearing, 188
tissue proliferation, xii
tissue swelling, 43
tissue whitening, 211
tissue-discrete particle model, 1
tissue-enhanced translucence, 26
titanium sapphire laser, 99
toluidine blue, 212
tomography, 175
tooth, 87, 161, 215
tooth biofilm, 161
topical application, 95
topographic mapping, 175
total attenuation coefficient, 78, 112
total transmittance, xii, 32
transdermal delivery, 148, 159
transdermal delivery of immersion agents, 61
transdermal skin resistance measurements, 68
transepidermal water lost (TEWL), 61, 150
transfection rate, 160
transmembrane permeation, 147
transmittance spectra, x
transparent window, 107
transport free path length, 131
transport mean free path, 11
transport scattering coefficient, 129
transscleral laser surgery, 178
transscleral selective photodestruction, 58
transverse resolution, 78
trisaccharides, 148
tumor, 56, 178
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two log-normal size distributions, 7
two-photon microscopy, 98

U
ultrasound, 158
uniaxial birefringent medium, 87
uniaxial second-order nonlinear susceptibil-

ity, 103
unsaturated fatty acids, 157
urea, 70, 156
UV filter substance, 157
UV irradiation, xii
UV skin filters, 165
UV-induced erythema, 194

V
vacuoles, 206
Van de Hulst approximation, 3
vascular disease, 111, 112
vascular tissues, 94
vein, 91
velocity images, 108
venules, 107
vessel dilation, 108
virtual transparent window, 73
viscoelastic gel, 151
viscoelasticity, 61
viscosity, 142
viscous flow, 61, 150
volume density, 3

volume fraction, 1
volume fraction of RBCs, 128
volume-averaged concentration, 15
volume-averaged phase function, 8

W
waist of the laser beam, 176
water absorption bands, xi
water balance, 18
water channels, 155
water content, 61
water desorption, 83
water flux, 68
water loss, 83
water loss measurements, 68
water pools, 155
water transport, 18
water-glycerol gelatinous gel, 134
wavelets, 63
weakly scattering objects, 176
whole eyeball, 52

X
x-ray contrast, 112, 189
x-ray contrast agent, x, 32

Y
yeasts, 133
Yucatan micropigs, 171
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