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Figure 3.2 Diagram of the human eye showing the locations of cornea, lens, sclera, and
other eye components (see Ref. 776).

Figure 4.9 Pseudo-color sO2 mapping of a microvascular network in a nude mouse ear
acquired in vivo by OR-PAM (see Fig. 4.8); a1–a3: arterioles of different diameters; v1–v3:
venules of different diameters. PA: photoacoustic signal amplitude (see Ref. 897).



Figure 4.10 ICG entering the kidneys of a mouse. OA slice image through the kidneys (a):
(1) vena cava, (2) portal vein, (3) kidneys, (4) spine. Corresponding cryosection photograph
showing the same structures (b). Selected images from single laser pulses at 800 nm during
ICG injection showing increased contrast from the agent (c). Overlay of differential contrast
highlighting the ICG enhancement (d). Overlay showing the distribution of ICG in the same
animal by spectral unmixing after imaging at multiple wavelengths (750, 770, 790, 810, 830,
850, 870, 890, and 910 nm) (e) (see Refs. 924 and 955).

Figure 4.18 Typical positions of probe (red) and pump (green) laser beams during PT
imaging: circular beams in a blood capillary of rat mesentery (cell velocity, 0.5–2 mm/s;
magnification,100×) (a); overlapping pump and probe pulses in an artery of rat mesentery
(cell velocity, 2–5 mm/s; magnification, 10×) (b); a linear (or ellipsoidal) beam geometry in
a blood vessel of rat mesentery (magnification, 10×) (c) (see Refs. 880 and 969).



Figure 4.33 PA detection and counting of melanoma metastasis during tumor development.
Top row: photo of tumor with visualization of the lymph vessel (using Evans Blue dye) col-
lecting lymph from primary tumor area (top, callout) and in vivo two-wavelength PA detection
(bottom oscillogram) of melanoma metastasis with tumor progression in the SLN at first (left)
and second (right) week. Middle row: ex vivo PA mapping of the SLN with melanoma metas-
tasis at single cell level at 1 (left) and 2 (right) week(s) of primary tumor development. The
data are presented as 2D high-resolution (bottom) and 3D low-resolution (top, callout) sim-
ulation. Each single spot on bottom is associated with single metastatic cells shown on the
right panel (top, left callout). Red pseudo-color peaks indicate the photoacoustic signals with
maximum amplitudes (bottom row). Histological images of the investigated SLNs demon-
strating no histological changes at week 1 (left) and the detectable metastases, contoured
by a green line, at week 2 after tumor inoculation (right) (see Ref. 1033).



Figure 5.5 Excitation-emission maps of the in vivo skin AF emission: see text and Ref.
1067 (a); Normal skin phototype II. Measurements were carried out using FluoroLog 3 with
fiberoptic adaptor - F-3000 (HORIBA Jobin Yvon S.A., France), supported by the NSF-
Bulgaria under grant #DMU-03-46/2011, courtesy of Dr. Ekaterina Borisova, Institute of
Electronics, Bulgarian Academy of Sciences (b).

Figure 8.20 Spatial distribution, J(r ), of the probability density of the effective pho-
ton optical paths calculated for homogeneous (n1 = 1.4), multiply [μs = 10 (a), 26.6
(b), and 100 mm−1 (c)], and anisotropically (g = 0.9) scattering, and weakly absorbing
(μa = 0.01 mm−1) media upon probing by reflection confocal microscopy in the geometry
presented in Fig. 8.19 and zf = 300 μm (see Ref. 1521).



Figure 8.32 RA-SHG microscope (see Ref. 1591). RA-SHG microscope arrangement: a
fiber laser (λ = 1064 nm) provided the excitation light, which comprised 200 fs width pulses
at 80-MHz repetition rate. The laser beam was adjusted for optimal linear polarization via a
half-wave (λ/2) plate. Beam passes were made through 45-deg AOM for angular spreading
precompensation. A second half-wave (λ/2) plate was placed after the AOM to optimize
the diffraction efficiencies of the two orthogonally mounted AODs: AOD-x and AOD-y . A
scanning lens (SL) and a microscope tube lens (TL) expanded the beam before it was
focused onto the specimen by the objective lens. The SHG signal was collected by an oil
immersion condenser, band-pass filtered (BFP) and focalized by a collection lens (CL) into a
GaAsP PMT (photomultiplier) (a). SHG image of rat cerebellar slice at three different depths
of 10, 50, and 100 μm. Examples of SHG signals from a Purkinje cell (red arrow), granule
cell (yellow arrow) and interneuron (blue arrow). The images were acquired with the same
laser power across all three depths (b).



Figure 9.50 White-light images of intact mouse skull (a), transparent skull after SOCS treat-
ment for 25 min (b), and with removed rectangle area A (c). Corresponding magnified white
images (d–f) and speckle contrast images and (g–i) are within rectangle area A shown in
(a–c) (see Ref. 1784).



Figure 9.57 Polarization-sensitive measurements at optical clearing (see Ref. 738):
schematics of the experimental setup (a): the circularly polarized light is produced by a
laser diode (Thorlabs, Inc., 635 nm), using linear polarizer and quarter wavelength plate
(λ/4), and is focused onto the sample surface; backscattered optical radiation is collected
at distance d away from the area of incidence and then passed through a quarter wave-
length plate (λ/4) and linear polarizer (analyzer); normalized intensity of light backscattered
from milk and detected using a quarter wavelength plate and rotating analyzer on the way
to detector (b); each curve shows results for samples diluted by given amounts of water
solution of glycerol: 10%, 20%, 30%, 40%, 50%, 60%, and 70%.



Figure 9.65 Blood-flow images following the epidurally applied glycerol around the exposed
area of in vivo dura mater. White-light image of the area of interest (a). Blood flow maps
expressed as measured velocity, which is proportional to the blood flow velocity, during
treatment with glycerol and represented by images at the time points shown in Fig. 9.66 (b)–
(h): imaged blood flow before the application of glycerol (control), four vessels are indicated
(b); 10 s application of glycerol, no obvious change in blood flow was observed (c); 20
s application of glycerol, blood flow began to decrease (d); 30 s application of glycerol,
blood vessels underneath dura mater began to be clear (e); 40 s application of glycerol,
blood flow decreased and the transparency of surrounding dura mater increased (f); 50 s
application of glycerol, more blood vessels could be seen through dura mater and the blood
flow decreased significantly (g); and 70 s application of glycerol, blood flow increased and
dura mater became turbid again (h). Bar = 1 mm (see Ref. 1439).



Figure 9.68 Blood vessel visibility and dermal blood flow imaging through rat skin under
topical treatment by a mixture of PEG-400 and thiazone: images of skin before and after
treatment with the mixture (a); white-light (top row) and speckle temporal contrast images
(bottom row) of rectangle area A in (a) after treatment (b) (see Ref. 1781).

Figure 11.20 SMI technique applied to venous occlusion data collection for the human
volar forearm at 800 nm: diffuse reflectance map (left) and optical absorption coefficient
map (right) measured at the baseline (a), dotted lines in the reflectance map indicate the
regions of interest for time-course analysis; region-wise average changes in optical absorp-
tion (top) and reduced scattering (bottom) coefficients are shown for the whole image
field (gray lines) and a region absent of any obvious large vessels (black lines) (b). Large
increase in absorption observed in the microvascular region may be explained by the fact
that the microvasculature is more susceptible to pooling, while the larger vessels are less
reactive (see Ref. 479).



Figure 11.22 Application of SMI technique for in vivo imaging of spatial distribution of ALA-
induced PpIX in human volar forearm skin: image of skin tissue prior to topical application
of ALA (a); raw fluorescence image (b); 7 h after application of ALA (scale bar: arbitrary
units); correction map (1/X1D) based on measured optical properties (c); and corrected
fluorescence image (scale bar units: μg/ml) (d) (see Ref. 493).



Figure 13.15 Flow-related maps obtained with the CMOS integrated imager for finger skin
(ROI = 512 × 512 pixels, imaging area is 11 × 11 cm2) (a): image of the object (intensity
image); perfusion map (lower is 200 a.u. and higher is 700 a.u.); blood concentration map
(lower is 140 a.u. and higher is 310 a.u.); flow speed map (lower is 400 a.u. and higher
is 1500 a.u.); capture time of each image is 5 s total. Sequence of images (b) and corre-
sponding graph (c) of the averaged blood perfusion measured in real time at occlusion
(ROI = 256 × 256 pixels; 5.5 × 5.5 cm2); 0: normal finger image; 1–4: before occlu-
sion; 5–13: during occlusion; 14–17: removal of occlusion, visible postocclusive hyperemia;
18–26: restoration of perfusion baseline; capture time of each image is 1.2 s. Increase of
blood flow parameters displayed color from blue to red (see Ref. 1978).



Conclusion

This monograph only addresses certain aspects of light-tissue interactions,
primarily focusing on noncoherent and coherent light scattering by random and
quasi-ordered structures as tissue models. The methods and results presented allow
us to make certain conclusions and predictions concerning the direction of further
investigations in the field of tissue optics and the development of optical diagnostic
medical systems. Recently published monographs, book chapters, special issues
of topical journals, review papers, and plenary talks also give prospects for future
development of tissue optics and its biomedical applications.130, 136, 156, 2197–2267

Results of numerous studies on light scattering emphasize the necessity of
an in-depth evaluation of the optical properties of tissues with different struc-
tural organizations. At present, light propagation in tissues is fairly well described
in quantitative terms, which provides a sound basis for the implementation of
different diagnostic, therapeutic, and surgical modalities. At the same time, the
estimation of optimal irradiation doses or the choice of correct diagnostic clues
sometimes presents great difficulty because of the lack of reliable data on the opti-
cal parameters of tissues. Therefore, novel theoretical approaches and analyses
of experimental data on the optical properties of tissues and blood are desir-
able.2211–2214 In particular, on the basis of tissue optical properties reported in the
literature, the wavelength-dependent behavior of scattering and absorption coeffi-
cients has been summarized.2212 Equations have been derived for generating the
optical properties of a generic tissue with variable amounts of absorbing chro-
mophores (blood, water, melanin, fat, and yellow pigments) and a variable balance
between small-scale and large-scale scatterers in the ultrastructures of cells and tis-
sues. The use of a generic tissue can adequately mimic any real tissue, and has the
advantage of generating smoothly predictable spectra for absorption and scattering.
These generic equations allow one to calculate the expected optical properties ver-
sus wavelengths of tissues with varying chromophore content and ultrastructural
character.

Traditional spectrophotometry, angular scattering, and polarization measure-
ments are useful to characterize tissues, but need to be improved on the basis
of more sophisticated tissue models. Such models must take into consideration
the spatial distribution of scatterers and absorbers, their polydispersity and optical
activity, along with the birefringence properties of the materials of which scatterers
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and base matter consist. At present, researchers are greatly interested in solving
these problems.2211–2213, 2215–2223 In vivo quantitative multispectral and polarization
imaging of tissue abnormalities is a new trend in biophotonics.2215–2221 Tissue mod-
els represented as mixtures of spherical particles and long cylinders that account
for the direction of alignment of cylinders, orientation angle distribution around
the direction of alignment, particle number density, refractive index, birefringence,
absorption properties, and for ambient media surrounding the scatterers, are under
investigation for the quantification of tissue polarization properties.2219–2223

It is also necessary to further develop methods for the solution of inverse scat-
tering problems with due regard for the real geometry of the tissue shape and the
configuration of light beam and detecting arrangements. These solutions might
be valid for the arbitrary values of scattering and absorption coefficients as well
as anisotropy scattering factors. The inverse MC method is a useful instrument,
and robust and accelerated (GPU-based) new technologies and internet-based
approaches for the particular needs of biomedical optics and biophotonics are
rapidly developing and attracting more users.2224–2226 However, for many practi-
cal medical diagnostics and dosimetry tasks, the required fast computations should
be based on approximate solutions of the radiative transfer equation.2222

Extensive studies are underway to better understand the role of temporal
and spatial (structured illumination) photon-density waves and their use in phase
modulation methods to obtain the optical characteristics of tissues and tissue imag-
ing.2227, 2228 They are expected to generate novel algorithms for the reconstruction
of 3D tissue images and practical applications of diffuse optical tomography in
spatial and temporal frequency domains. Time-resolved fluorescence polariza-
tion spectroscopy of tissue-labeling dyes can be also used to enhance the image
contrast.2229

The polarization properties of tissues to which this monograph is largely
devoted are of primary importance for physiological polarization optics, and for
early diagnosis of skin and epithelial cancer and other pathologies.2218–2221 The
scattering matrix technique has long been used in optics and is currently applied
by many authors to investigate the properties of tissues and cell suspensions. The
intensity matrix (Mueller matrix) is normally employed for this purpose, but the
use of two-frequency lasers (e.g., a Zeeman laser) or quadruple-channel OCT
allows for amplitude matrix elements to be measured, thus offering the possi-
bility to simplify the inverse problem solution for many biological structures.
Tracking the Stokes vector of the detected light on the Poincaré sphere is also
applicable for characterization of tissue scattering anisotropy upon probing by
elliptically polarized light, which is prospective for the differentiation of cancerous
and noncancerous tissue.2221

The designing of laser photoacoustic (optoacoustic), acousto-optic, and pho-
tothermal (optothermal) imaging systems can be considered as a very prospective
direction in biomedical optics, which allows one to provide impressive contrast
and resolution in the imaging of both deep and superficial small tumors and cancer
cells in lymph nodes and blood vessels.955, 2230–2233 It seems that these techniques
should be optimal for the diagnosis of tissues at the middle depths (3 to 10 mm),
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where time-resolved diffusion, OCT, and multiphoton methods are not effective.
The present photoacoustic computed tomography is a molecular-level noninvasive
functional imaging modality offering deep penetration with optical contrast and
ultrasonic resolution of 1 cm penetration depth or more, up to 7 cm.2231 This opens
up applications in whole body imaging, brain function, oxygen saturation, label-
free cell analysis, and noninvasive cancer biopsies, including evaluating sentinel
lymph nodes for breast cancer staging.

For many clinical applications, selective labeling of pathologically modified
tissue regions is an urgent problem; thus, the pathways by which optical imag-
ing agents are synthesized, qualified, and validated for preclinical testing, and
ultimately translated for “first-in-humans” studies by using investigational optical
imaging devices are under intensive discussion.2234

Optical speckle techniques, particularly the methods based on partially devel-
oped speckles emerging from the diffraction of focused laser beams, offer much
promise for investigation into the structure of tissues and the analysis of tis-
sue vibrations, mechanical properties, and motility of blood and lymphatic cells.
The development of these techniques requires detailed research into the optics
of speckles, speckle statistics, and the interference of laser beams in dense
scattering media.1455, 2178, 2235 Recording of speckles with digital cameras has
advanced and facilitated measurements in laser speckle photography, speckle pat-
tern interferometry, digital holographic interferometry, shearography, and tissue
elastography.1556, 2145, 2235 Real-time capability with extensive information capacity
will push speckle techniques to become automated and reliable tools for measure-
ments and inspection in tissues, with detection of deformations in a wide range
from 10 nm to 100 µm.

Methods based on the dynamic scattering of light are useful for the analy-
sis of both weakly scattering and dense biological media.2197, 2236, 2237 Many of
these methods have already found their specific areas of biomedical application.
Considerable progress can be achieved with the use of the methods of diffusion
wave spectroscopy or diffusion wave imaging, also termed speckle contrast optical
tomography (SCOT), which allows one to probe heterogeneities in the dynamics
of blood flow in deep tissues.2237

Coherent optical methods are promising tools presenting a novel multifunc-
tional optical imaging platform for the development of new high-resolution and
high-performance tomographic devices, allowing for the imaging of subcellu-
lar structural and functional states of a tissue.136, 156 Currently, investigation of
superficial tissue layers with the use of OCT can provide important results and
offers much promise for medical applications, especially for ophthalmology; early
cancer detection of the skin and cervix; blood microcirculation analysis; and
endoscopic/laparoscopic/needle-based studies of blood vessel wall, mucous of
internal organs, breast, muscle, lung, and many other tissues and organs. The
authors of Ref. 2238 conducted a systematic search of the electronic databases
PubMed and Embase on OCT in the diagnostic process of (pre)malignant epithe-
lial lesions and found that OCT can detect skin cancers, oral, laryngeal, esophageal
cancer, and genital and bladder cancer. OCT technologies have perspectives
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in the quantification of tissue optical properties2185 and quantitative parametric
imaging;2179–2183 tissue elastography;2142–2145, 2159, 2160 imaging of breast cancer,
dystrophic skeletal muscle, tendon, connective tissues, and air-filled lungs with
OCT needle probes;1412, 2077, 2081, 2173, 2174 monitoring the early development of
mammalian embryos and their individual organs directly within the uterus;2084, 2085

label-free OCTOMAG for in vivo study of microcirculation and the vasculature
of the retina, skin, and mucous;2088, 2089, 2239 quantitative monitoring of microbub-
bles in blood;2087 3D visualization of coronary microstructures;2103–2107 OCT-based
tractography of myofibers;2099, 2136, 2137, 2166, 2167 study of molecular/nanoparticle
diffusion in healthy and pathological tissues;1766, 1768–1776, 2086, 2091–2097 and study of
electrokinetic response of a soft tissue.2122, 2123, 2187

The well-known advantages of CM are very useful for the investigation
of tissues and cells. Many coherent techniques and devices of medical diag-
nostics successfully employ the confocal principle of optical sectioning of an
object under study.2198 One of the important features of the optical imaging
techniques is its feasibility to be integrated with other optical and nonoptical
diagnostic and therapeutic methods to obtain enhanced diagnostic and therapeutic
(theranostic) abilities. A number of dual OCT/CM systems are already avail-
able.1564 For example, the combination of dual en face OCT/CM with fluorescence
imaging creates a universal instrument in microscopy and ophthalmology;1564

this OCT/fluorescence system is used for optical slicing and biochemical prob-
ing2240 and combined OCT/fluorescence laminar optical tomography (FLOT) for
enhanced multimodal tomography.2241 Dual OCT/MPT for 3D multimodal in
vivo imaging;2184 OCT/PA1045 and OCT/PT2186 systems for nanoparticle imaging;
adaptive optics-assisted OCT systems;1564, 2188, 2189 dual OCT systems for imaging
in ENT;2169 and OCT complementary to standard laparoscopy2172 are examples
showing the major trends in the development of biomedical optical imaging.

Fourier phase microscopy with spatially coherent white light (wFPM) offers
high spatial phase sensitivity due to the low temporal coherence and high temporal
phase stability due to used common path geometry.2242 This is a prospective tool
of dynamic phase measurement in tissues and cells with enhanced contrast.

Multiphoton and SHG microscopies provide additional new facilities in study-
ing tissues and cells separately and in combination with other imaging modal-
ities.2200, 2218, 2243–2246 Nonlinear optical techniques have been applied for skin
and neural-tissue imaging, and the first generation of in vivo imaging apparatus
has been developed and applied to animals and humans. The ability to see the
morphology of the brain will lead to new understanding and new treatments.2245

The IOC technique allows one to effectively control the optical properties
of tissues and blood. Such control leads to an essential reduction of scattering
and improvement of scattering anisotropy factor; therefore, it causes much higher
transmittance (optical clearing) and the appearance of a large amount of least-
scattered (snake) and ballistic photons, allowing for the successful application
of coherent-domain and polarization imaging techniques.1615, 2246–2259 It has great
potential for noninvasive medical diagnostics using CM, OCT, OCM, TPEF, SHG,
phase-resolved, and speckle techniques, due to the rather thin tissue layers usually
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examined by these methods, which allows for fast impregnation of a target tissue
during topical application of an immersion agent.

It has been demonstrated that probing depth and image contrast of many opti-
cal imaging methods can be significantly improved, and that even a whole-organ or
animal body image can be provided by using designed comprehensive optical clear-
ing protocols and corresponding optical imaging facilities.1615, 2246, 2248, 2255–2259

Despite these achievements, which are extremely valuable in biology and espe-
cially in neural science, such clearing protocols are not suitable for in vivo tissue
examination. For in vivo applications, the IOC method must provide a rapid treat-
ment process (seconds and minutes, sometimes 1–2 hours), sufficient transparency,
and safety for animals and humans, which makes it more difficult. Innovative opti-
cal clearing methods for in vivo use show a great potential for enhancing the
contrast and resolution of different optical modalities1615 including laser speckle
contrast imaging (LSCI) for blood flow monitoring.2247 It is very important that
IOC can even be helpful to improve absorption-based technologies, such as PA
microscopy2249, 2250 and flow cytometry.2251 Future work should focus on develop-
ing highly effective and safe IOC methods and extending their in vivo applications;
in particular, creating switchable transparent windows in skin, cranium, and inter-
nal organs that will permit the monitoring of tissue morphology, blood, and lymph
flows with high resolution and contrast.

Because of the high sensitivity of IOC kinetics to the condition of tissue under
investigation, such as inflammation, malignancy, atherosclerosis, glycation, and
other pathological alterations, study of optical clearing kinetics, i.e., rate of OCA
diffusion (permeation), will provide an additional marker of pathology detection
and demarcation.1769, 1770, 1772–1774

IOC technology is prospective for application in a very wide spectral range
from UV to terahertz. In UV, visible, and NIR ranges scattering properties can
mostly be improved (reduced), and for IR and terahertz ranges, strong absorption
properties can be reduced due to the dehydration abilities of the primary OCAs.2260

For in vivo applications, toxicity concerns are of great importance; thus, more
studies of OCA impacts on tissue components (temporal dehydration, rehydration,
and interactions of proteins and lipids with OCAs) are expected in the near future.
At present, there are only a few studies that have directly investigated the problem,
but they are encouraging the end users.1741, 2254 Molecular-sensitive spectroscopies,
such as nonlinear TPEF and SHG, Raman, and CARS, are suitable tools for such
investigations.

Additionally, optical elastography is well suited to another optical clearing
technology, which is based on soft tissue compression or stretching. Understanding
of this statement may stimulate further development of both tissue-mechanics-
based technologies within a single platform.

Optical adaptive systems, particularly based on the optical phase conjugation
(OPC) method, have enabled many optical applications, such as eye aberration
correction and image transmission through optical microscopes.2261–2267 This is
also one way to induce less tissue scattering with less image blurring, i.e., optical
clearing. Critically, this technique is free from any action on tissue itself (chemical
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agents or compression), therefore it is potentially a safer technology. However, the
technique is comprehensive and costly, and will need further development.

In particular, implementation of digital optical phase conjugation (DOPC) has
opened the possibility for the use of OPC for deep-tissue optical focusing owing
to the ability to provide greater-than-unity OPC reflectivity (the power ratio of the
phase conjugated beam and input beam to the OPC system) and to accommodate
additional wavefront manipulations.2264 The requirements for precise alignment
(pixel-to-pixel matching) of the wavefront sensor and the SLM can be realized
by autoalignment of a DOPC system that allows an axial displacement of up to
∼1.5 cm to be compensated.2266 Harmonic holography combines the capability
of holographic OPC with the SHG contrast-forming mechanism, which provides
a unique opportunity for imaging through a turbid medium owing to efficient
suppression of the overwhelming light scattering and the ability of holographic
wavefront reconstruction.2267
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3D-tissue topography, 210
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Barrett’s esophagus, 603
barrier functions, 460
basal cell carcinoma, 211
basal cell cancers, 588
Beer–Lambert law, modified, 596
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bifocal optical coherence
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bilirubin, 8, 597
bimodal size distribution of scatterers,
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bioheat equation, 180
bioluminescent imaging, 216
biopsy, 597
biospeckles, 668
birefringence, 121
black India ink, 232
blood, 9, 93, 300, 528

backscattering, 533
flow, 502, 665, 684
flow imager, 676
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hematocrit, 96, 565
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boundary condition, 41, 181
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function, 620
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breast, 313, 606, 620
cancer, 734
tissue, 8, 496, 725
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broadband light sources, 714
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Brownian motion, 383, 670
Brownian particles, 372
bulk water, 468, 576
burn-scar patients, 738
burn scars, 639
burns, 182
butylene glycol, 468
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calf thymus, 9
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cancer cells, 168
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capillaries, 167, 524, 637
capillary blood flow, 172
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carcinoma, 594
carcinomas in situ (CIS), 601
cardiovascular pulse measurements,
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caries, 160
carotenoid absorption spectrum, 575
carotenoids, 575
carotid atherosclerotic plaque, 211
carotid endarterectomy (CEA)
cartilage, 6, 58
cataract, 107, 599
Cauchy coefficients, 342
cell

membrane, 329
nuclei, 5
velocity, 668

cerebellum, 313
cerebral blood flow (CBF), 524, 683,
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velocity, 675
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cerebrospinal fluid, 140, 242
cervical intraepithelial neoplasia
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cervical precancerous tissue, 211

cervix, 588
chemical potential, 431
chirality of a molecule, 59
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chromophore, 573
ciliary body, 192, 300
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circular dichromism, 59
circularly polarized light, 61, 82
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coefficient of

permeability, 428
translation diffusion, 372
volumetric expansion, 140
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coherent anti-Stokes Raman scattering

(CARS), 404, 522
coherent

backscattering, 30
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cold cataract, 662
collagen, 222, 404, 519, 658, 699

bundles, 456
fibers, 6, 56, 101, 425, 520, 587
molecular ultrastructure, 102
sponge, 242

collimated transmittance, 10, 114, 435,
593

colon, 599
colposcopic exam, 588
combined OCT systems, 738–740
complex amplitude, 362
complex refractive index, 233
concentration map, 678
confocal laser scanning microscopy,
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confocal microscopy, 702, 728
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conjunctiva, 300, 451
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contrast of the polarization image, 641
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cornea, 6, 100, 125
coronary artery, 58
coronary stented lesions, 542
correlation

coefficient for two polarization states,
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diffusion equation, 383
length, 360, 690, 695
map OCT, 720
time, 681

cosmetic lotions, 468
cranial bone, 498–502
cross-correlation frequencies, 625
cross-polarization OCT (CP-OCT),

721
cross-polarized component, 637
cryosurgery, 588
crystalline aggregation, 127
crystalline lens, 662
CUDA NVIDIA GPU, 24, 304
cytochrome c (Cyt-c), 162, 597
cytoplasm, 5, 90, 329

D
D-periodicity, 432
dark field photoacoustic microscopy,
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deep cortical unit, 559
deflectometry, 138
degree of

circular polarization, 62
linear polarization, 62
polarization, 62, 87, 640

dehydration, 470, 522, 579, 586, 699
effect, 100, 477

dendritic cells, 559
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densely packed system, 109
density of interferential fringes, 706
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dentinal tubules, 56, 416
deoxyhemoglobin, 153, 583, 594, 597,
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depolarization, 135

depth, 660
length, 82, 506, 641

depth-resolved label-free detection of
nanoscale structural changes, 730

dermal blood flow imaging, 527
dermal layers, 567
dermis, 83, 300, 553
destructive interference, 120
dextran, 529
diabetes, 662
diabetes mellitus, 504
diabetic patients, 348, 555
dielectric function (permittivity), 413
differential polarization spectra, 645
diffraction parameter, 73
diffraction pattern, 67
diffuse

backscattered images, 85
reflectance, 48, 435
reflectance images, 629

diffusion
approximation, 42, 156
coefficient, 372, 464, 492
coefficient of glucose in muscle, 495
correlation spectroscopy (DCS), 380
equation, 593
length, 13
theory, 14, 17, 39
time, 427, 492
-wave interferometry, 672
-wave spectroscopy, 670

digital autocorrelator, 675
digital holographic microscope

(DHM), 394
digital light processing (DLP), 629
dimethyl sulfoxide (DMSO), 461, 465
directed flow, 674
discrete ordinates method, 18
discrete particle models, 89
dispersion
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disseminated tumor cells (DTCs), 196
DOPA-melanin, 8
Doppler

flowmetry, 675
frequency, 389, 712
OCT (DOCT), 718
shift, 176, 718
signal, 389
spectroscopy, 371

double correlation OCT (dcOCT), 720
double-integrating sphere, 296
double-ring AO sensor, 184
Dowe prism, 414
DNA, 9, 227
dry-weight fractions, 98
dual-beam coherent interferometry,

388
dual en face OCT/CM, 738
dura mater, 6, 315, 524, 683
dynamic light scattering, 371, 379
dynamic phase microscopy, 403
dysplastic tissue, 588
dystrophic skeletal muscle, 734

E
ectodermal dysplasia, 182
EDTA, 502
effective

attenuation coefficient, 13, 188
backscattering cross section,

475–476
index of refraction, 96
reflection coefficient, 16

elastic scattering cross section, 328
elastin, 658

fibers, 6, 56
electronic transition, 206
electrophoresis, 469
electroporation, 485
en face images, 725
en face OCT images, 730

enamel, 158
prisms, 56

endogenous substances, 548
endoscopic OCT, 731–734
epidermal stripping, 469
epidermis–dermis junction contrast,

582
epithelial

cancers, 601
cells, 6
tissues, 588

erythorocyte, 93
aggregation, 134
sedimentation rate (ESR), 706

erythema, 469
esophageal epithelium, 490
esophageal squamous cell carcinoma

(ESCC), 490
esophagus, 599
ethanol, 483
Evans Blue (EB), 196
evaporation, 181
exogenous fluorescing dyes, 209
exponential factor, 696
exposure time, 681
external forced tension, 578
external localized mechanical pressure,

574
extinction coefficient, 96
extinction cross section, 10, 72, 114
extracellular fluids, 329, 573
eye lens model, 124
eye mechanical properties, 723

F
Fabry–Perot interferometer, 177
far-field diffraction zone, 694
Faraday rotator, 722
fast Fourier transform (FFT) analysis,

131
fat, 191, 594

cells, 5
lipolysis, 548

femtosecond laser surgery, 560
fiber-optic light delivery system, 150



922 Index

fiber-optic refractometer, 329
fiber-optical OCT, 393
fibril diameters, 102
fibrillar-lamellar structure, 59, 102
fibrils, 432
fibroblast, 6

cell clone, 548
fibrous tissue, 6
Fick’s law, 428
field-based LSS, 601
finger, 156
finite-difference time-domain (FDTD)
flavin dinucleotide (FAD), 209
flavin mononucleotide (FMN), 209,

597
flavins, 658
flow velocity, 168
fluid diffusion, 426
fluorophores, 160, 656
fluorescence, 205, 513, 583, 632

anisotropy, 208
excitation–emission maps (EEMs),

214
lifetime, 207
lifetime imaging microscopy (FLIM),

225
polarization measurements, 655
quantum yield, 207
resonant energy transfer, 210
spectroscopy, 210
yield, 657

fluorescent centers, 514
fluorescent contrast agents, 209
focal length, 140
focused air-pulse system, 725
follicles, 559
Fourier decomposition, 70
Fourier-domain OCT, 715
fractal dimension, 92, 99, 314
fractal objects, 92
fractional laser microablation (FLMA),

468, 563
Franck–Condon principle, 206
Franz diffusion chamber, 463

Fraunhofer diffraction approximation,
66

Fraunhofer zone, 365
free water, 468, 495, 577
freezing, 586
frequency-domain

luminescence, 159
measurements, 551
method, 31, 474
OTR, 715–718
OTR/PTR, 158
photon migration (FDPM), 621
spectrometer, 611

frequency-swept (chirped) acoustic
waves, 177

Fresnel–Kirchhoff diffraction theory,
727

Fresnel reflection, 10, 300
fringe contrast, 708
full-field blood flow laser Doppler

imaging (LDI), 677
full-field nonscanning PTI, 167
full-field OCT (FF-OCT), 726
full-field speckle technique, 374
full-field-of-view 3D images, 200
functional imaging, 205
fundus temperature, 192

G
gamma radii distribution function, 92
gas microphone method, 142
Gaussian

beam, 662
correlation coefficient, 369
correlation function, 364
line profile, 389
shape, 667
statistics, 362, 688, 693

Gegenbaur kernel phase function
(GKPF), 301

gelatin, 240
Gladstone and Dale law, 90, 428, 454
glaucoma, 134

diagnosis, 647
glucose, 438, 458, 492, 524, 558
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gels, 469
injection, 512
intake, 620
monitoring, 184–186

glycated hemoglobin (GHb), 350
glycerol, 100, 440, 458, 512, 523, 563,

683, 699
gel, 469

glycogen, 227
glycosaminoglycans, 583
gold nanoparticles (GNPs), 170, 225
golden carbon nanotubes (GNTs), 193
Golgi apparatus, 11
goniophotometry, 295
GPU parallel computing, 24
gradient of the flow rate, 647
gray matter, 313
green fluorescent protein (GFP), 201
ground matter, 120
group refractive index, 353, 390
Grüneisen parameter, 144, 188
guiding catheter, 542
gyaluronic acid, 482

H
hair follicles, 482, 485
hard sphere approximation, 97
hard tissues, 502
heat

conduction, 181
diffusion, 164, 166
generation, 180
source, 180
transfer, 181

heating, 586
function, 146

hematocrit (Hct), 316, 321
hematoporphyrin, 209
hemoglobin, 8, 209, 224, 548, 583

absorption, 458
glycation, 653
isosbestic wavelength, 162
oxygenation, 565
saturation, 612
Soret band, 597

hemolysis, 321
Henyey–Greenstein phase function

(HGPF), 13, 301, 323, 568
heterodyne

beat amplitude, 744
efficiency factor, 475
scanning microscopes, 704
signal, 179, 309

Hilbert phase microscopy (HPM), 398
Hilbert transform, 345
homodyne speckle interferometer, 687
human

brain, 620
dura mater, 457

epidermal membrane (HEM), 483
epidermis, 371, 468, 515, 574, 588,

644, 694, 712, 727
esophagus scar tissue, 722
forearm, 630
gingiva, 182
subject, 622
tooth, 502

hydrated collagen, 156
—type I, 242

hydration, 104, 585
—degree of, 431

hydrogel, 240
hydrophilic PEG-based polymers, 479
hydroxyapatite, 56, 315, 499
hygroscopic, 482
hypaque-76, 561
hyperosmotic OCAs, 698
hyperosmotic properties, 425, 683
hyperspectral imaging, 239
hyper-Rayleigh scattering (HRS)

microscopy, 224

I
image polarimeter, 135
imaging contrast, 477
immersion optical clearing (IOC), 495,

509, 513, 522, 558, 570
immersion substance, 543–545
in-phase quadrature (IQ) detection

system, 615
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in vivo flow cytometry, 162, 193
indocyanine green (ICG), 212
infrared spectra, 227
integrating sphere technique, 295
intensity fluctuations, 177, 667

—variance, 362
intensity-modulated laser radiation,

158
intensity probability density

distribution function (PDF), 362
interference fringes, contrast, 369
interferometry, 138
interfibrillar spacing (IFS), 432
intermolecular spacing (IMS), 102, 432
internal conversion, 207
interstitial fluid, 427, 556
interstitial medium, 90
intersystem crossing, 207
intracoronary imaging, 733
Intralipid, 185, 232, 671, 745
intraocular hemorrhage, 134
intrinsic birefringence, 653
invasive ductal carcinoma, 151
inverse

adding-doubling algorithm, 235, 246,
298–301

δ-Eddington method, 314
Monte Carlo algorithm (IMC), 25,

246, 301–304
problem, 148

ionic strength, 432
iontophoresis, 485
irreversible thermodynamics, 430
isopropyl

laurate, 481
myristate, 481
palmitate, 481

iterative methods, 295

J
Jablonski diagram, 207
Jones matrix, 61, 721

K
K562 cells, 170
keratin, 222

Kerr lens mode-locked femtosecond
Ti-sapphire laser, 714

Kerr gate, 28
Kirchhoff approximation, 690
Kramers–Kronig equations, 346
Kubelka–Munk model, 245
Kubelka–Munk theory, 18

L
lamellar bundles, 102
Langer’s skin tension lines, 578
laparoscopy, 734
large-scale inhomogeneities, 87
laser

ablation, 240, 486
anemometry, 368
calorimetry, 138
coagulation, 685
cyclophotocoagulation, 192
Doppler interferometry, 388
Doppler technique, 375
Doppler vibrometer, 686
-generated stress waves, 485
-induced interstitial thermal therapy

(LITT), 324
-induced pressure transient (LIPT),

199
-induced thermal field, 164
speckle contrast analysis (LASCA),

376, 681
speckle imagers, 679
speckle velocimeter, 669
vision correction (LASIK), 121

lateral resolution, 385
lattice of islets of damage (LID),

467–468
Legendre polynomials, 306
lens of the human eye, 100, 125
leukocytes, 93
light

dosimetry, 240, 324
penetration depth, 245
polarization, 245
-scattering matrix, 65
-scattering spectroscopy, 599
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line-scanning laser ophthalmoscope
(LSLO), 723

linear birefringence, 58
linear dichromism (diattenuation), 58
linear/nonlinear PT responses, 197
linearly polarized light, 57, 81, 305,

506, 636
Linnik microinterferometer, 400
Linnik microscope, 726
lipophilic PPG, 479
liposomes, 468, 482
Liposyn, 232
local tissue reflectivity, 310
local water removal, 579
lognormal size distributions, 92
long-pulsed laser heating, 587
Lorentz–Lorenz equation, 580
Lorenz oscillators, 413
Lorentzian velocity distribution, 377
low-coherence source, 389
low-density lipoprotein (LDL), 559
low-voltage differential signaling

(LVDS) interface, 677
luminescence, 205
lungs, 496, 588

—air-filled, 734
lymph

flows, 168, 665
node, 193, 559
node tissue, 725
vessels, 173, 667

lymphatics, 167, 193
lyophilization, 588
lymphocytes, 173, 559
lysosomes, 5

M
M-mode OCT imaging, 725
macrophages, 559
magnetomotive optical coherence

elastography, 718
malignant

basal cell carcinoma, 639
cell, 6
melanoma, 477

magnetic nanoparticles (MNPs), 194

mammalian cells, 5
mammograms, 626
mannitol, 458
matrix elements, 131
MCML code, 23
meal tolerance test (MTT), 557
mean

free path, 11
intensity, 362
path length, 593
-square displacement, 382
time-of-flight, 606

mechanical compression, 579
mechanical strain, 580
melanin, 329, 583

nanoparticles, 486
melanoma, 660

cells, 168, 559
maligna, 736
tumors, 194

melanin granules, 90
meningioma, 313
mesentery, 667
metabolic activity, 182
metastatic cells, 193
methylene blue (MB), 212
Michelson interferometer, 672

—dual-beam, 389
—single-mode fiber-optic, 711

microcirculation, 524
microdermabrasion, 487
microvasculature, 632
microvessels, 523
Mie

coefficients, 119
phase function, 301
scattering, 13, 81
theory, 67, 98, 118, 233, 600

mineralization, 500
mitochondria, 5, 208, 329
modulated laser beams, 368
modulation depth, 31, 177
modulation frequency, 47, 622
moisturizers, 468
molar extinction coefficients, 153
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diffusion, 502
hyperpolarizability, 405
permeation, 455

monodisperse system, 120
monodisperse tissue model, 327
Monte Carlo (MC) method, 18
Monte Carlo simulation, 42, 71, 434,

453, 564
motion distortion, 168
mucopolysaccharides, 104
mucosa, 305, 315, 488, 598
Mueller matrix, 59, 62, 130, 648, 721

elements, 86
image polarimeter, 125
measurements, 647
—single scattering, 69

multichannel
fiber-optical arrangement, 607
NIR imager/spectrometer, 607
optoelectronic NIR system for

time-resolved image
reconstruction (MONSTIR), 610

plate-photomultiplier tube
(MCP-PMT), 610

multicolor phantoms, 239
multidimensional analysis, 158
multidistance FD NIR spectrometer,

627
multifrequency operation, 612
multilayered tissue structure, 514
multiple scattering, 14, 80, 434, 593,

691, 746
multiplex CARS (M-CARS), 408
multiphoton fluorescence, 217–225,

515
multiphoton tomography (MPT),

738–739
multispectral imaging

micropolarimeter (MIM), 647
multispectral optoacoustic tomography

(MSOT), 154
multiwavelength OA/PA angiography,

194
muscle, 6, 342, 634

cells, 6, 56
tissue, 191

myocardial fiber, 723
myocardium, 56, 190
myofibrils, 7, 56
myofilaments, 56

N
nanotarget, 163
near-infrared (NIR)

contrast agent, 608
fluorescence tomography, 209
fluorescent protein (eqFP650 and

eqFP670), 210
light, 10
spectroscopy, 314, 595

near ordering, 96
needle OCT, 497
neurofibromas, 639
neurofilaments, 7
neurosurgical probes, 734
nicotinamide adenine dinucleotide

(NAD-H), 208
NIRS/DWS hybrid system, 675
noninvasive glucose monitoring, 239
nonlinear polarization, 404
nonpigmented intradermal nevi, 639
nonradiative energy transfer, 207
nonuniform non-Gaussian statistics,

374
noradrenalin, 685
normal human blood, 528
normalized

autocorrelation function of intensity
fluctuations, 692

phase matrix, 68
statistical moments, 690

nuclei, 90, 329, 588
Nutralipid, 232

O
OA/PA vascular imaging, 184
OA pressure amplitude, 188
occlusion, 482, 632
occlusion spectroscopy, 551
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OCT angiography, 737
OCT/electrical imaging, 740
OCT needle probe, 734
OCT speckle cross-correlation,

737
oleic acid, 461, 484
ophthalmic diagnostics, 212
optic nerve structure, 134
optical

activity, 59
anisotropy fluctuations, 107
biopsy, 205, 597
cardiovascular vibrometer, 686
clearing, 436
clearing agent (OCA), 438
clearing efficiency, 455
clearing potential, 463
clearing techniques, 730
coherence elastography (OCE),

723
coherence microscopy, 728
coherence reflectometry, 389
coherence tomography (OCT),

309–310, 387–394, 453, 475,
530, 552, 555, 579

coherence tomography signal, 496,
601

coherence tomography signal slope
(OCTSS), 310, 453, 555

density, 125
—apparent, 574
heterodyne system, 741
heterodyning, effectiveness, 309
immersion technique, 652
microangiography (OMAG), 720
multiplexing, 612
parameters, 647
path difference, 400
properties, 577
property maps, 631
resolution, 168
time-gating, 28
tractography, 723

optoacoustics (OA), 138, 239
optogeometric technique, 138

optothermal (OT) method, 137
optothermal radiometry (OTR), 138,

155
oral cavity, 599
oral glucose tolerance test (OGTT),

553
organelles, 90
Ornstein–Zernice equation, 110
osmolality, 463
osmolarity, 321
osmosis, 430
oxygen concentration, 620
oxygen saturation, 153, 321
oxyhemoglobin, 8, 153, 594, 597,

622, 675

P
p-polarization
P3 approximation, 18
PN approximation, 13
pacemaker, 667
packing factor, 94
packing function, 97
pair distribution function, 108
papillary net, 637
paracortical sinuses, 559
paraxial region, 692
partial villous adenoma, 598
path-integral model, 20
penetration depth, 517
penetration pathway, 483
Percus–Yevick (PY) approximation,

109
perfusion imaging system, 685
perfusion map, 6778
permeability, 430
permeability coefficient, 454
permeable membrane, 428

—partially, 431
peroxisomes, 5
phantoms, 83, 184, 232, 522, 725

—dynamic, 240
—polymer-based, 232
—solid, 232

pharmaceutical products, 461
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phase
and amplitude noise, 612
delay, 57
delay measurement device (PDMD),

612
fluctuations, 361
function, 12, 66
imaging systems, 627
microscope, 700
objects, 360
plates, 131
retardation, 57
-sensitive OCT (PhS-OCT), 723
shifting (interferometry), 140
-stabilized swept-source OCT

(PhS-SSOCT), 725
transitions, 584

phased-array method, 617
phenylalanine, 208
phonophoresis (sonophoresis), 485
phospholipids, 227, 481
phosphorescence, 205
photo-induced aggregation, 127
photoacoustic

contrast, 195
microscopy (PAM), 143
microscopy with optical resolution

(OR-PAM), 151
photoacoustics (PA), 138
photodynamic therapy, 192, 240, 548
photoelasticity, 654
photon

-cell interactive MC (pciMC)
algorithm, 25

-correlation spectroscopy, 371, 662
-density wave, 31, 448
-density wave interference method,

617
diffusion coefficient, 13, 15
horizon detection, 736
packet, 69, 568
-path-distribution function, 595
–phonon interactions, 175
recycling effect, 22
transport length, 15

photorefractive techniques, 138
photothermal flow cytometry (PTFC),

167
photoswitchable fluorophores, 210
photothermal

imaging (PTI), 162
lens mode, 193
lens technique, 162
measurements, pulsed, 239
microscopy (PTM), 172
OCT (PT-OCT), 739
radiometry (PTR), 138
spectroscopy, 162
therapy, 188, 193, 548

PhS-OCT-SAW system, 725
piezoelectric sensors, 197
piezoelectric transducers, 150

—array of 32 ultrawideband, 200
—array of 64, 200

pigmentation parameter, 584
planar illumination, 631
Plank curve, 180
plasma osmolarity, 536
Poincaré sphere, 509
polarimetry, 62
polarization

characteristics, 699
controllers, 715
discrimination, 636
imaging, 83, 637, 639
measurements, 506–509
microscopy, 647
properties, 648
-sensitive OCT (PS-OCT), 58, 721
-sensitive technique, 601
spectroscopy, 644

polarized
light, 55, 71
fluorescence, 208
reflectance spectroscopy (PRS), 647
SHG microscopy, 651

polarizer, 637
polyester, 240
polyethylene glycol (PEG), 439
polyglycerylmethcrylate, 468
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polyorganosiloxane (POS, silicone),
238

polystyrene microspheres, 232
polyurethane, 240

resin, 240
polyvinyl alcohol gels, 240
polyvinylidene fluoride (PVDF), 199
pons, 313
porosity coefficient, 427
porous material, 427
port wine stain, 158

birthmarks, 685
portable fiber-optic photon-correlation

spectrometer, 664
postocclusive hyperemia, 679
power spectrum of a random process,

366
precoagulated and coagulated tissues,

586
probe beam deflection, 140
probe beam refraction, 138
probing depth, 518
propylene glycol (PG), 445, 465
protein-bound tryptophan (TRP), 123
protein-bound water, 468
proteoglycans, 432
protoporphyrin, 209, 485
Protoporphyrin IX, 632
psoriatic

epidermis, 694
erythroderma, 477
plaque, 696

Q
Q-bands, 162, 597
quantum dots (QDs), 241, 486
quantum limit, 740
quasi-crystalline approximation, 95
quasi-elastic light scattering (QELS),

371, 662
quasi-monochromatic wave, 67

R
rabbit corneas, 726
radial distribution function, 105, 434

radiance, 16
radiation, 181
radiation transfer theory (RTT), 11
radiative transfer (transport) equation

(RTE), 12
radiative transition, 208
radiometric images, 159
Raman

amplifier, 29
scattering, 226
shifter, 167
spectroscopy, 227

random
flow, 383
phase screen (RPS), 361, 693
—deep, 365
polarization, 367
relief, 360

rat mesentery, 170, 523, 719
rat skin, 462
Rayleigh

–Gans approximation, 255, 600
–Gans (or Rayleigh–Debye)

theory, 66
limit, 57
particles, 81
scattering, 13, 125
theory, 66

red blood cell (RBC), 169
aggregation, 524, 533
packing function, 539
suspension, 321
volume, 528

red fluorescent protein (drFP583), 210
reduced (transport) scattering

coefficient, 13, 48, 98, 296, 425,
578

reflection confocal microscopy, 386
refractive index, 56, 90, 177, 327, 256,

580
matching, 443, 536
temperature gradient, 140

region of interest (ROI), 678
relative complex refractive index, 119
relaxation parameter, 372
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resolution, 712
resolution of the recording system, 168
respiratory chain, 208–209
retardance, 648
reticular

dermis, 568
fibers, 56
meshwork, 559

retina, 300, 648, 685
retinal nerve fiber layer (RNFL), 6, 647
retinal visual acuity, 371, 706
ribs, 10
ring-shaped confocal PACT

(RC-PACT), 200
RNA, 227
room-temperature vulcanizing (RTV)

silicone, 240
rotational diffusion, 208
rough surfaces, 368
Russian roulette technique, 23

S
salmonella, 515
scalar approximation, 12, 71
scanning velocity, 712
scattered field, 95
scattered light intensity, 245
scattering

angle, 12
anisotropy factor, 13,66, 233, 641
coefficient, 10, 99
cross section, 73, 114, 118, 233
efficiencies, 233
efficiency factor, 567
indicatrix, 245
orientation index (SOI), 634
phase function, 245, 311
plane, 131
vector, 110

sclera, 6, 58, 300, 315, 425, 440, 506,
699

second harmonic generation (SHG),
222, 404, 518–521

second harmonic generation
polarimetry, 404, 519

sedimentation, 528
self-beating efficiency, 371
self-mixing interferometer, 686
sentinel lymph nodes (SLNs), 193
septa, 549
shear flows, 383
shear wave imaging OCT (SWI-OCT),

725
short-range order, 106, 109
shunts, 524
Siegert formula, 383, 674
silicone, 240

eye, 725
single scattering, 309
single-scattering (Born’s)

approximation, 110
SiO2 particles, 238
size distributions, 101
skeletal muscle, 491
skewed logarithmic distribution

function, 92
skin, 9, 58, 100, 305, 313, 329, 414,

459, 563, 585
cancer diagnostics, 647
layers, 566
mechanical properties, 723
model, 567
pigments, 8
temperature, 585
wrinkles, 637

skull, 10
optical clearing solution (SOCS), 502

snake photons, 26
sodium lactate, 468
sodium lauryl sulfate, 486
somatosensory cortex, 682
sonoluminescence (SL), 182
sonoluminescence tomography (SLT),

182
sonophoretic delivery (SPD), 497
sorbitol, 502
Soret band, 162, 540
source–detector separation, 17, 622
source function, 13
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source-synchronized lock-in
measaurement, 179

source term, 148
source-to-detector attenuation, 612
spatial

cross-correlation, 676
frequency, 46
frequency space, 48
intensity fluctuations, 692
light modulator (SLM), 629
modulation frequencies, 628
ordering, 94
phase shift (PSP), 394
point-spread function (s-PSF), 37
resolution, 179, 633

spatially modulated laser beam
(SMLB), 706

spatially modulated method, 628–634
spatially resolved backscattering

technique, 601
spatially resolved reflectance, 304, 551
specific

heat capacity, 139
heat of the tissue, 144
refractive increment

speckle
contrast, 377, 502
contrast methods, 679
field interference, 367–368
fields, 692
interferometry, 705
microscope, 666
OCT, 734–737
patterns, 363
—polarized, 363
structures, 359
—partially developed, 367
variance OCT (svOCT), 720
vibrometer, 688

speckes
—far-field, 377
—developed, 362
—objective 359
—subjective 359

spectral domain OCT, 715, 738–739

Spectralon, 241
spectrophotometer, 594
specular reflectance, 495
speed map, 678
speed of sound, 140
spherical particles, 111, 429
squamous cell carcinoma, 639
squamous epithelium, 589
Staphylococcus toxin, 667
statistical density variation (SDV), 721
statistical moments, 362
Stokes

parameters, 61
–Raman scattering, 226
rotation matrix, 69
vector, 62, 69, 130, 648
wave, 29

stratum corneum (SC), 460
streak camera, 605
stress-optic law, 654
stress relaxation, 577
stretching, 578
stripping sample, 462
stroke monitoring, 628
stroma, 103
structure factor, 111
structure function, 366
subcapsular sinuses, 559
submicron-resolution PAM, 201
subsurface cracks, 159
subsurface photodisruption, 560
subcutaneous fat, 315
subcutaneous vascular bed, 720
sunscreen creams, 461
superheated water, 161
superior sagittal sinus (SSS), 187
surface

acoustic wave (SAW), 724
-enhanced Raman scattering (SERS),

228
radiance, 16
thermograms, 181

sweat glands, 484
swelling area, diameter of, 471
swept-laser source, 716
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symmetric scattering, 66
Synchroscan streak camera, 28
syneresis, 107
synergetic effect, 488

T
T-matrix, 67
target function, 567
tattoo, 567

removal, 563
temperature

effects, 584–586
measurement, 188
profile, 161
sensitivity, 190

temporal
intensity correlation function, 366
modulation transfer function

(t-MTF), 37
point-spread function (t-PSF), 37

tendon, 6, 56, 510, 652, 734
Tenon’s capsule, 451
tensor conductivity, 182
terahertz

spectroscopy, 409–413, 522
time-domain spectroscopy, 410
tooth spectra, 417

thalamus, 313
therapeutic or diagnostic window, 10
thermal

blooming, 138
conductivity, 180
diffusion length of tissue, 143
diffusivity, 141–143, 156, 168
field, 164
gradient spectroscopy (TGS), 186
imaging, 180
lensing, 138, 140
length, 142, 159
relaxation time, 156
resolution, 168
spot size, 166

thermally insulated skin, 182
thermoacoustic (TA) imaging, 201
thermo-elastic effects, 137

thermo-optical response, 557
thin cylinders, 429
third-order optical susceptibility, 408
thyroid gland, 182
time

-averaged speckle pattern, 681
-correlated single-photon counting,

607
delay between optical and acoustical

pulses, 141
-dependent RTT equation, 25
division multiplex (TDM), 559
-domain OCT, 711–713
-gated fluorescence spectroscopy, 211

time-resolved
fluorescence lifetime
quantitative spectroscopy and

imaging, 211
laser systems, 605
measurement, 25
multicolor photoacoustic

lymphography, 193
spectroscopic system, 610
spectroscopy, 28

TiO2 particles, 238
tissue

anisotropy, 653
birefringence, 56
compression, 573
heterogeneity, 586
optical clearing, 507, 653
optical properties, 587, 612, 737
penetration depth, 324
pigmentation, 606
properties, 188
shrinkage, 429
spectroscopy, 607
surface–extrapolated boundary, 16
swelling, 429
temperature, 180
thickness, 573
vasculature, 737
whitening, 588–589
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TOAST (Time-Resolved Optical
Absorption and Scattering
Tomography software), 610

tomography, 607
tooth, 655

ablation, 158
demineralization, 161
tissues, 225, 416

topograms, 696
total

diffuse reflection, 144
hemoglobin, 186, 622, 675
radiant energy fluence rate, 12
transmittance, 435
transmittance spectra, 123

transducer array, 172
transepidermal water loss (TEWL), 461
transient whitening, 588
transmission digital microscopy

(TDM), 167
transmission spectra, 121
transmittance NIR spectroscopy, 595
transport

albedo, 15
mean free path, (TMFP), 14, 641
scattering coefficient, 540

transpupillary thermotherapy, 192
transverse sinuses, 559
trazograph, 438
trazograph-60, 698
trypan blue, 232
tryptophan, 9, 125, 208
tumor growth, 737
tunable dye laser, 153
tunable optical parametric oscillator

(OPO), 167
two-color probes, 210
two-photon-excited fluorescence

(TPEF), 218
two-wavelength fiber OCT, 713
tyrosine, 9, 208

U
ultrahigh-resolution OCT, 714
ultrasound gel, 153

ultrasound-modulated optical
tomography, 174

uniaxial birefringent medium, 57
urea, 468
urinary bladder, 599
urocanic acid, 9
uroporphyrin, 209
uterine cervix, 599
UV-A, 10
UV-induced erythema, 574
UV irradiation, 583

V
variable optical attenuator (VOA),

610
vascular abnormalities, 639
vector radiative transfer equation

(VRTE), 68
vein, 507
velocity of acoustic waves, 140

in a medium, 141
venous vessels, 559
venules, 524
verografin, 445

gel, 469
very low-density lipoprotein (VLDL),

559
vessel wall, 6, 667
vibrational states, 207
virtual transparent window (VTW),

471
vitreous, 125
volar forearm, 632
volume-averaged backscattering

coefficient, 98
volume fraction, 57, 90

W
wave equation, 146
wave-scattering theory, 97
water, 575, 594, 622

absorption peaks, 121
balance, 430
loss, 586

white matter, 313
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“white” Monte Carlo (WMC)
simulation, 43

Wigner phase space distribution
wound healing, 737

X
x-ray contrast, 468
x-ray mammography, 151

Y
yellow fluorescent protein (zFP538),

210

Z
Zeeman laser, 61
Zernike rejection filter, 166
ZnO nanoparticles, 224
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