
Return to Contents TEL: +44 (0)29 2089 4747 · info@spieeurope.org 1

European Conferences on 

Biomedical Optics
ICM—International Conference Centre  
Munich, Germany

22-26 May 2011

www.spie.org/ecbo

Technical Summaries

Contents
8086: Advanced Microscopy Techniques II  .  .  .  .  .  .  . 2

8087:  Clinical and Biomedical Spectroscopy  
and Imaging II  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 13

8088:  Diffuse Optical Imaging III  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 37

8089:  Molecular Imaging III  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 52

8090:  Novel Biophotonic Techniques and  
Applications  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 59

8091:  Optical Coherence Tomography and  
Coherence Techniques V  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 70

8092:  Medical Laser Applications and  
Laser-Tissue Interactions V   .  .  .  .  .  .  .  .  .  .  .  .  . 88



European Conferences on Biomedical Optics 2011 · www.spie.org/ecbo Return to Contents2

Conference 8086:  
Advanced Microscopy Techniques II
Sunday-Monday 22-23 May 2011
Part of Proceedings of SPIE Vol. 8086 Advanced Microscopy Techniques II

8086-01, Session 1

Dual-beam two-photon microscopy for 
simultaneous fast acquisition of two focal 
planes
L. Grosberg, E. M. C. Hillman, Columbia Univ. (United States)

Two-photon microscopy is a powerful tool for in-vivo imaging because 
of its ability to excite fluorescence in highly scattering tissue coupled 
with high spatial and temporal resolution. Recently, in-vivo two-photon 
microscopy has been widely used in neuroscience to explore dynamic 
changes in neural activity and blood flow in response to stimuli. 
However, the acquisition speed of two-photon is inherently limited by 
the need for serial point-by-point two-photon fluorescence excitation 
using physical scanners. In order to improve the acquisition speed for 
laser-scanning volumetric imaging, we propose a design that allows 
the imaging of two planes simultaneously. Specifically, this method 
will allow us to visualize how calcium dynamics in one cortical layer of 
the rodent brain relate to concurrent changes in blood flow at a more 
superficial layer if the brain without requiring any physical movement 
in the axial dimension. Our design is based on the combination of 
two laser beams tuned to separate wavelengths and focused to 
different depths in a sample. The light from one of the lasers enters the 
microscope objective as convergent light, rather than collimated light, 
and therefore its focal depth is altered. The degree of convergence 
of the input beam determines the separation of focal planes in the 
sample. In addition, the technique relies on the use of dyes with 
specific spectral properties that allow emission resulting from different 
excitation wavelengths to be distinguished. In some cases, spectral 
unmixing can be used to separate the signal resulting from the two 
excitation wavelengths, and therefore to differentiate structures 
and dynamics in the two imaging planes. Here we demonstrate the 
feasibility of this technique, achieving an axial separation of 60 µm 
using our dual-beam strategy.

8086-02, Session 1

Open-loop wavefront sensing scheme for 
specimen aberrations correction in two-
photon excited fluorescence microscopy
R. A. Aviles-Espinosa, ICFO - Instituto de Ciencias Fotónicas 
(Spain); J. Andilla, R. Porcar-Guezenec, X. Levecq, Imagine 
Optic SA (France); D. Artigas, ICFO - Instituto de Ciencias 
Fotónicas (Spain) and Univ. Politècnica de Catalunya (Spain); P. 
Loza-Alvarez, ICFO - Instituto de Ciencias Fotónicas (Spain)

The recent linkage between adaptive optics, a technique borrowed 
from astronomy, and microscopy, has enabled to push forward 
the imaging capabilities of such devices by improving its contrast 
and resolution. A specific case is nonlinear microscopy (NLM) that, 
although it brings several inherent advantages (compared to linear 
fluorescence techniques) due to its nonlinear dependence on the 
excitation beam, its enhanced capabilities can be limited by the 
sample inhomogeneous structure. In this work, we demonstrate 
how these imaging capabilities can be enhanced by, employing a 
two correction step process. Firstly, a closed loop methododology 
aided by Shack-Hartman Wavefront sensing scheme is implemented 
for compensating the aberrations produced by the laser and the 
optical elements before the high numerical aperture microscope 
objective, resulting in a onetime calibration process. Then the 
residual aberrations are produced by the microscope objective and 
the sample. These are measured in a similar way as it is done in 
astronomy (employing a laser guide star), using the two-photon excited 
fluorescence. The properties of this incoherent emission produced 
inside a test sample are compared to a genetically modified C. elegans 
nematode expressing GFP showing that the emission of this protein 
(at 810nm) can be sensed efficiently with our WFS by modifying the 
exposure time. Therefore the recorded wavefront will capture the 
sample aberrations which are used to shape a deformable mirror in an 
open-loop configuration. This correction principle is demonstrated in 

a test sample by correcting aberrations in a “single-shot” (open-loop 
configuration) resulting in a reduced sample exposure.

8086-03, Session 1

High-resolution imaging of nestin-
expressing stem cells in hair follicles of 
mice
A. A. Uchugonova, K. Koenig, Univ. des Saarlandes (Germany); 
M. A. Digman, E. Gratton, Univ. of California, Irvine (United 
States); J. Duong, R. M. Hoffman, AntiCancer, Inc. (United 
States)

Hair follicles are major sources of multipotent nestin expressing stem 
cells that are able to differentiate into neural and other cell types and 
to repair spinal cord injury. We imaged nestin-positive cells in whisker 
hair follicles from living transgenic mice in which the nestin promoter 
drives GFP (ND-GFP). Confocal two-photon microscopy (Olympus 
Fluoview 1000 and ZEISS Meta LSM710, semiconductor cw laser, 
MaiTai femtosecond laser) and multiphoton tomography (MPTflex, 
JenLab) have been employed to obtain high-resolution images of 
intra-follicle GFP labeled cells at different phases of the hair cycle. 
Two-photon autofluorescence, SHG, spectral imaging, and FLIM were 
used to locate and to characterize the nestin expressing cells within 
the whisker hair follicle and within skin. We found that the bulge area 
and the dermal papilla of the hair are the two major sources of nestin 
expressing stem cells with similar properties.

8086-04, Session 1

Two-photon excited fluorescence 
microscopy application for ex vivo 
investigation of ocular fundus samples
S. Peters, M. Hammer, D. Schweitzer, Friedrich-Schiller-Univ. 
Jena (Germany)

Two-photon excited fluorescence (TPEF) imaging of ocular tissue has 
recently become a promising tool in ophthalmology for diagnostic 
and research purposes. The feasibility and the advantages of TPEF 
imaging, namely deeper tissue penetration and improved high-
resolution imaging of microstructures, have been lately demonstrated 
on human ocular samples. In general, spectroscopic properties of 
endogenous fluorophores in ocular fundus tissue are well known from 
in vitro spectrofluorometric analysis. But fluorophores, especially when 
it comes to fluorescence lifetimes, typically show a dependence of 
their fluorescence properties on environmental parameters like pH, 
ionic strength and quenchers. Hence, a more detailed investigation 
of fundus autofluorescence ideally in vivo is of utmost interest. The 
aim of this study is to determine space-resolved the stationary and 
time-resolved fluorescence properties of endogenous fluorophores 
in ex vivo porcine ocular fundus samples by means of TPEF imaging, 
fluorescence lifetime imaging and laser scanning microscopy. 

Therefore young porcine eyes were used for TPEF microscopy. By 
our first results, we characterized the autofluorescence of individual 
anatomical structures in porcine ocular fundus samples. Since the 
autofluorescence of all optical sections only showed bi-exponential 
decays, we are able to achieve a more precise characterisation of 
fluorescence properties of endogenous fluorophores compared to 
present in vivo approaches.

The combination of deeper tissue penetration and high-resolution 
fluorescence imaging applied on the analysis of diverse endogenous 
fluorophores probably represents a key innovation that might provide 
a reference for in vivo fluorescence lifetime imaging by confocal 
scanning laser ophthalmoscope to facilitae in vivo diagnostics by 
improving the identification of metabolic/pathological alterations in 
ocular fundus tissue.
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8086-05, Session 1

Non-invasive quantitative assessments of 
engineered adipose tissue development 
using multi-photon excited fluorescence 
microscopy
K. P. Quinn, N. Fourligas, E. Bellas, D. L. Kaplan, I. 
Georgakoudi, Tufts Univ. (United States)

The development of functional engineered adipose tissues for use in 
reconstructive surgery has been limited by rapid scaffold degradation 
and insufficient biocompatibility. Optical imaging technologies to 
monitor the dynamic cellular changes in adipose tissue can provide 
insight into optimizing in vitro development and in vivo tissue 
integration. The goal of this study was to utilize endogenous cellular 
fluorescence to monitor the metabolic status of cells undergoing 
adipogenesis in three-dimensional silk scaffolds. Multi-photon excited 
fluorescence imaging was used to determine a redox ratio of the 
fluorophores FAD and NADH within the cells. To demonstrate the 
sensitivity of this imaging approach, the redox ratios of individual cells 
were compared between co-culture (adult stem cells and endothelial 
cells) scaffolds and scaffolds seeded only with stem cells. The 
dynamic measurements of individual scaffolds over 14 days produced 
distinct depth- and time- dependent patterns of metabolic activity. 
Redox ratios significantly differed among time points (p<0.0001), with 
decreases in the average redox ratio between Days 7 and 10, as well 
as Days 10 and 14. By Day 14, the redox ratio of the co-culture group 
was significantly lower (p<0.0001) at multiple depths within the tissue 
compared to the stem cell group. These findings are consistent with 
the enhanced development of vascularized engineered adipose tissue 
and demonstrate the utility of multi-photon microscopy to quantify the 
functional development of engineered tissues.

8086-06, Session 2

Quantitative phase imaging-based refractive 
index determination of living cells using 
incorporated microspheres as reference
B. Kemper, S. Przibilla, A. Vollmer, S. Ketelhut, G. von Bally, 
Westfälische Wilhelms-Univ. Münster (Germany)

Full-field quantitative phase imaging (QPI) enables label-free 
minimally invasive live cell analysis that recently has been used for 
the analysis of water uptake processes, for dry mass determination 
and the quantification growth processes, for the monitoring of toxic 
effects as well as for label-free cell tomography. In QPI-based live 
cell imaging the intracellular refractive index distribution represents 
an important parameter. On one hand decoupling of the cellular 
refractive index and the cell thickness is required, e. g., for reliable 
investigations on the cell thickness and shape. On the other hand 
the information about the refractive index and its spatial distribution 
is related to the concentration of the intracellular content. For this 
reasons, up to the present several QPI-based concepts for cell 
refractive index determination have been developed However, the 
reliable determination of the refractive index of adherent cells is still 
a challenge. We explored a method to determine the mean refractive 
index of the cytoplasm with quantitative digital holographic phase 
contrast microscopy by using silica microspheres that have been 
incorporated by living cells as reference. As many cells show a 
phagocytic behavior the method may be used with a variety of different 
cell types. Furthermore, as no modification of the experimental setup 
is required, the method prospects to be used with several existing 
quantitative phase contrast imaging techniques.

8086-07, Session 2

Dual-wavelength digital holography for 
quantification of cellular volume and integral 
refractive index
D. Boss, Ecole Polytechnique Fédérale de Lausanne 
(Switzerland); J. Kuehn, Ctr. Hospitalier Univ. Vaudois 

(Switzerland); C. D. Depeursinge, P. J. Magistretti, Ecole 
Polytechnique Fédérale de Lausanne (Switzerland); P. 
P. Marquet, Ecole Polytechnique Fédérale de Lausanne 
(Switzerland) and Ctr. Hospitalier Univ. Vaudois (Switzerland)

Quantitative Phase Imaging techniques such as DHM have emerged 
recently in life sciences and can be aimed at monitoring and 
quantifying non-invasively dynamic cellular processes modifying 
cell morphology and/or content. Concretely, the DHM phase signal 
shows a high sensitivity to cell thickness and intracellular integral RI 
variations. Consequently, due to its dual origin, the interpretation of 
the phase signal variations could remain difficult. We have developed 
a Dual-wavelength Digital Holographic Microscopy (DHM) setup 
to separately measure in a single-shot fashion cellular thickness 
and integral RI of living cells. The method is based on the use of an 
absorbing dye that causes a high RI dispersion in the extracellular 
medium at the two recording wavelength. Consequently the measured 
phase contrast will differ for the two wavelengths. From the two phase 
measurements cellular RI and thickness can be univocally determined. 
Important biophysical parameters of living cells, including dry mass 
concentrations and water membrane permeability can be deduced.

8086-08, Session 2

Holographic second harmonic phase 
microscopy of collagen fibers
E. Shaffer, Ecole Polytechnique Fédérale de Lausanne 
(Switzerland); P. Marquet, Ecole Polytechnique Fédérale de 
Lausanne (Switzerland) and Ctr. Hospitalier Univ. Vaudois 
(Switzerland); C. Depeursinge, Ecole Polytechnique Fédérale 
de Lausanne (Switzerland)

In the past decade, quantitative phase imaging gave a new dimension 
to optical microscopy, and the recent extension of digital holography 
techniques to nonlinear microscopy appears very promising, for the 
phase of nonlinear signal provides additional information, inaccessible 
to incoherent imaging schemes. Last year, we have demonstrated how 
the SHG phase makes possible real-time nanometric 3D-tracking of 
SHG emitters, such as nanoparticles (Shaffer et al., Opt. Express 18, 
p.17392-17403, 2010). 

Here, we investigate the phase of second harmonic generated by 
a label-free biological specimen-more precisely collagen fibers 
forming the connective tissue of a mouse dermis-and discuss of its 
interpretation. Notably, we show how the SHG phase, qualitatively 
acting as an indicator of phase-matching conditions, tends to indicate 
that second harmonic generation, in collagen, is dominated by 
coherent SHG scattering.

8086-09, Session 2

Hilbert phase microscopy combined 
with confocal Raman: cell image and 
biochemical structure
R. R. Dasari, Massachusetts Institute of Technology (United 
States)

Live cell imaging without staining is important for intrinsic 
morphological and functional cell characterization. Recently, 
quantitative phase microscopy based on interferometry has been 
developed as a new technique for quantitative biology. From the 
variation of optical path length in a cell, the detailed morphological 
structure was obtained in 2D and even in 3D. Fast acquisition and 
full-field quantitative imaging without exogenous agents are the 
primary advantages of quantitative phase contrast microscopy. On 
the other hand, Raman scattering measures the vibrational modes of 
the molecules present in the sample and has been widely used as an 
analytical tool in many fields. Incorporating confocal microscopy along 
with conventional Raman spectroscopy provides an exciting research 
avenue, due to the possibility of obtaining accurate information 
about the chemical and morphological components with high spatial 
resolution. 

We have developed a multimodal microscopy system and successfully 
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applied it to investigate blood smear samples. Three-dimensional 
shape of RBCs on the blood smear sample was successfully 
measured. Further, the hemoglobin distribution of a selected RBC 
was shown to correlate with the biconcave shape of the RBC. It 
demonstrates that this combination can be an efficient way of 
screening blood disorders - first by fast morphological information 
and second by chemical analysis for the suspicious sites within 
particular regions of the sample. Furthermore, this new system will 
provide comprehensive ways to monitor cells from different aspects 
without perturbation. Finally, this set of combined intrinsic contrast 
mechanisms provides a powerful tool for investigating cell-drug 
interactions.

8086-10, Session 2

Resolution improvements by digital 
holographic microscopy
Y. J. Cotte, C. Depeursinge, Ecole Polytechnique Fédérale de 
Lausanne (Switzerland)

We present a new technique for high-resolution phase imaging. Our 
experimental setup is built on the technique of digital holographic 
microscopy (DHM), an interferometric method providing access to the 
complex wave front. In order to achieve resolution beyond the classical 
resolution limit, the microscope objective (MO) band pass is enlarged 
by a phase scanning technique.

It is based upon a new resolution criterion in phase of coherent 
imaging process. As recently reported [1], the experimental observation 
of systematically occurring phase singularities in coherent imaging can 
be used to increase resolution. Moreover, by introducing a controlled 
phase difference, the spatial resolution can be in principle improved.

Practically, however, the pure enlargement of band pass’s cut-off 
frequency does not necessarily lead to increased resolution. Strong 
aberration, especially prominent in non-ideal imaging conditions, 
may deprive any improvement. Therefore, the novel technique of 
deconvolution of complex fields [2] is applied to take the effective 
imaging conditions into account. It relies on the filtering of the image’s 
spectrum by the complex transfer function (CTF). The CTF itself can 
be acquired prior by characterising the imaging system by its complex 
point spread function (APSF). In off-axis transmission configuration, 
a singular sub- wavelength nano-metric hole on metallic films acts 
as a complex point source. The nano- metric apertures are drilled 
with focused ion beam (FIB) and controlled by scanning electron 
microscopy (SEM).

Eventually, high frequency content beyond the original cut-off 
frequency can be effectively used to enhance resolution.

[1] Cotte et al., Sub-Rayleigh resolution by phase imaging, Opt. Lett. 
35, 2176-2178 (2010) [2] Cotte et al., Microscopy image resolution 
improvement by deconvolution of complex fields, Opt. Express 18, 
19462-19478 (2010)

8086-11, Session 2

Phase-coded volume holographic 
microscopy
Y. Luo, S. B. Oh, I. Zervantonakis, R. D. Kamm, G. 
Barbastathis, Massachusetts Institute of Technology (United 
States)

A new imaging system incorporating phase-coded and holographic 
gratings is presented. In addition, we demonstrate the imaging 
modality to obtain spatial-spectral images of human endothelial cells in 
real-time.

8086-12, Session 2

Dynamic differential image contrast 
by digital holography for imaging and 
quantitative phase microscopy
L. Miccio, A. Finizio, Istituto Nazionale di Ottica Applicata 
(Italy); R. Puglisi, D. Balduzzi, A. Galli, Istituto Sperimentale 
Italiano Lazzaro Spallanzani (Italy); P. Ferraro, Istituto Nazionale 
di Ottica Applicata (Italy)

Digital Holography flexibility is employed to perform quantitative Phase 
Contrast Imaging (PCI) as well as synthetic Differential Image Contrast 
(DIC) imaging of biological sample. DIC, through the numerical 
managing and manipulation of complex wavefronts is investigated 
starting from DH optical recording. The approach is named Dynamical 
Differential Holographic Image Contrast (DDHIC). It dispenses from 
special optics and/or complex setup configurations with moveable 
components, as usually occurs in classical DIC. This technique is 
useful for floating samples since it allows to set a-posteriori the best 
conditions for DIC imaging. Movies can be built-up to offer dynamic 
representation of phase-contrast along all directions, thus improving 
the visualization. Furthermore, the dynamic representation is useful for 
making the proper choice of other key parameters of DIC such as the 
amount of shear and the bias, with the aim to optimize the visualized 
PCI. The visualization is performed off-line, i.e. several holograms 
are recorded while the sample is moving or is altering its shape. 
During the recording time the observer doesn’t need to optimize the 
acquisition setup. The parameters for the best PCI are chosen in 
the numerical reconstruction step. For each recorded hologram it is 
possible to measure, at the same time, the DIC phase contrast along 
all directions in the transverse plane. Thanks to actual DH numerical 
reconstruction routines and to powerful computational capability of 
personal computer it is possible to elaborate great amount of data 
and display dynamical movies coming from the DH QPM phase-maps. 
Investigation is performed on various biological samples.

8086-13, Session 3

Towards in vivo tomographic FLIM-FRET 
imaging of biomolecular interactions
J. A. McGinty, H. B. Taylor, D. W. Stuckey, Imperial College 
London (United Kingdom); V. Y. Soloviev, Univ. College 
London (United Kingdom); R. Laine, L. Chen, L. Bugeon, O. 
E. Pardo, J. R. Lamb, A. Sardini, Imperial College London 
(United Kingdom); S. R. Arridge, Univ. College London (United 
Kingdom); J. V. Hajnal, M. J. Dallman, P. M. W. French, Imperial 
College London (United Kingdom)

Biological/biomedical research has seen a trend from average 
measurements on cell products/populations to live cell imaging for 
sub-cellular spatial resolution. Increasingly there is an appreciation 
that in vitro cell mono-layers may exhibit non-physiological behaviour 
due to their highly artificial environment. This has led to the use of 
3-D structures and an increased emphasis on in vivo measurements 
to confirm cell-based observations. In this paper we will describe two 
tomographic methods utilising wide-field time-gated imaging for 3-D 
FLIM, one based on optical projection tomography (OPT) and the other 
on diffuse fluorescence tomography (DFT). In our tomographic FLIM 
instruments, time-resolved images are acquired using the combination 
of a pulsed laser source and a gated optical intensifier (GOI) coupled 
to a CCD.

Our FLIM-OPT system is built around an inverted microscope. In a 
FLIM-OPT acquisition a series of wide-field gated images are acquired 
as a function of rotation. Images with the same relative delay time are 
used to produce a reconstruction, based on filtered back-projection, 
showing the 3-D time-gated fluorescence intensity distribution. Using 
reconstructions for all relative delay positions, the fluorescence lifetime 
in every voxel is determined either by calculation or iterative fitting 
techniques to an appropriate decay model. We have applied this 
system to imaging transgenic FLi:EGFP zebrafish embryos 3 days 
post-fertilisation. The signal from the fish is a mixture of the EGFP 
and autofluorescence - with the latter being particularly evident in the 
remaining yolk-sac. We are currently extending this result to transiently 
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transfected zebrafish that express FRET constructs.

For DFT the sample is imaged in a transmission geometry with the 
excitation light focussed onto the rear surface and the front surface 
imaged by a camera lens on to the photocathode of the HRI. At a 
number of relative angular positions time-resolved images are acquired 
of both the transmitted fluorescence and excitation light. The optical 
properties are reconstructed using an iterative approach using a 
forward model of light propagation and comparing it with the measured 
intensity distribution. This system was applied to mice where the 
anterior tibialis is electroporated with either a control mixture of the 
fluorophores EGFP and mCherry or a linked FRET construct containing 
both EGFP and mCherry. Five days post-electroporation, the mice 
were sacrificed and imaged using our diffuse tomographic FLIM 
system. The fluorescence is localised to a specific volume in the leg 
and there is a clear reduction in the reconstructed fluorescence lifetime 
of the linked construct.

In conclusion we have translated fluorescence lifetime imaging, which 
is routinely employed as a quantitative fluorescence imaging technique 
in cell biology, to tomographic imaging of 3-D mesoscopic and 
macroscopic samples.

8086-14, Session 3

Super-resolution stochastic fluctuation 
microscopy: a comparison between SOFI 
and STORM
S. Geissbühler, C. Dellagiacoma, T. Lasser, Ecole 
Polytechnique Fédérale de Lausanne (Switzerland)

Taking an image sequence of stochastically and slowly blinking 
emitters using a standard wide-field fluorescence microscope offers 
a simple way to achieve a resolution beyond the diffraction limit. 
High-precision localization algorithms (e.g., PALM and STORM) or the 
cumulant analysis of temporal fluorescence fluctuations (SOFI) enable 
the distinction of densely labeled single molecules. We present a face-
to-face comparison of the two principles and identify their advantages 
and limitations regarding photo-switching kinetics, labeling densities 
and signal-to-noise ratios. We show that localization-based super-
resolution can deliver higher resolution enhancements but imposes 
significant constraints on the blinking behavior of the probes. On the 
contrary, the sample requirements for SOFI are less critical, working 
over a wide range of photo-switching kinetics and with much lower 
photon yields, which makes it an attractive approach for live-cell 
super-resolution imaging. In addition, we show that the different SOFI 
orders can be used to determine the specific blinking statistics, which 
may be useful in evaluating the applicability of STORM on a measured 
image series.

8086-15, Session 3

Single molecule microscopy: from 
nanodiamonds to nanomanipulation
F. Koberling, M. König, B. Krämer, V. Buschmann, M. Wahl, R. 
Erdmann, U. Ortmann, PicoQuant GmbH (Germany)

Single molecule based techniques made their way from the early idea 
to overcome ensemble averaging via studies of biological dynamics 
and conformations, towards DNA sequencing and ultra high resolution 
imaging. From the very beginning, confocal microscopy was the 
workhorse due to its versatility and straight forward multiparameter 
detection capability. 

Photon coincidence measurements (antibunching) started as the 
ultimate proof for the existence of a single emitter but nowadays also 
decipher the true number of immobilised emitters in the sub-micron 
observation volume. We use this technique to characterise a new 
and promising class a luminescent labels, NV defect centers in single 
nanodiamonds, where knowledge about the number of independent 
emitters in a single nanodiamond is the prerequisite to understand the 
complex fluorescence decay behaviour. 

Adding an AFM tip to the confocal observation volume allows for 
the manipulation of single emitters while at the same time their 
fluorescence response can be monitored. We show that tip induced 

quenching of a single molecule’s fluorescence enables even to 
overcome the optical diffraction limit.

In addition we will present a chemical approach (ROXS technology) 
to control the fluorescence blinking of individual single molecules 
enabling subdiffraction-resolution imaging based on single molecule 
photoswitching microscopy.

8086-16, Session 3

The tissue culture light sheet-based 
fluorescence microscope (TC-LSFM) paves 
the way to physiological assays based on 
three-dimensional cell cultures
F. Pampaloni, Johann Wolfgang Goethe-Univ. Frankfurt am 
Main (Germany)

Conventional two-dimensional (2D) cell monolayers do not reproduce 
the complex three-dimensional architecture of tissues (Pampaloni 
2007, Pampaloni 2010). Thus, 2D cellular assays have a limited 
physiological significance. Assays based on 2D cell cultures cannot 
predict the response of real tissues to toxic compounds or drugs 
(Pampaloni 2010). In contrast, three-dimensional (3D) cell cultures 
significantly improve the physiological relevance of cellular assays and 
provide e.g. a valid animal-free alternative for the testing of chemicals 
and drugs. 3D cell cultures fill the gap between cell cultures and real 
tissues by mimicking the tissue-specific cell-cell and cell-extracellular 
matrix contacts. The 3D architecture induces the cells to work in a 
more realistic and tissue-like manner. Novel high-resolution three-
dimensional fluorescence microscopes are needed in order to perform 
assays with 3D cell cultures. We present the TC-LSFM, a 3D cell 
culture imaging workstation based on light sheet-based fluorescence 
microscope (LSFM). With TC-LSFM, live cells can be observed at high 
resolution for several days in a 3D culture. In order to maintain the cells 
viable, we employ a special perfusion chamber with tightly controlled 
temperature, medium flow, pH, and gas exchange. We present studies 
performed on tumor cellular spheroids, on stem cell spheroids, on 
kidney epithelium, and on mouse dermis explant. We demonstrate the 
potential of TC-LSFM for high-content screening studies.

8086-17, Session 3

Optimized implementation of focal 
modulation microscopy
S. P. Chong, G. Gao, N. Chen, National Univ. of Singapore 
(Singapore)

Focal modulation microscopy (FMM) is an emerging method for high-
resolution imaging of thick biological tissues. It has demonstrated 
a penetration depth significantly greater than that of confocal 
microscopy (CM). FMM is compatible with both fluorescence 
and scattering/reflection contrast mechanisms and can provide 
multi-contrast images simultaneously. A spatial-temporal phase 
modulator (SPM) is the critical component in FMM, which generates 
intensity modulation within the focal volume. The configuration 
and implementation of the SPM have profound impacts on the 
performances of the FMM system. To achieve real-time or near-
real-time image acquisition, a high modulation frequency (~MHz) is 
necessary. In the same time, FMM signal strength depends on the 
aperture segmentation of the modulator. According to our theoretical 
study, a four-zone or six-zone annular aperture leads to a modulation 
depth of 0.72 or 0.82, respectively, which is very close to the ideal 
value of 1. While commercially available spatial light modulators can 
be controlled pixel by pixel and are flexible enough to generate the 
multi-zone annular aperture, their modulation speeds are rather limited. 
On the other hand, the double AOM based SPM proposed by our 
group can satisfy the speed requirement. However, its modulation 
depth is only around 0.25. Another problem with the AOM based 
approach is that it is not readily compatible with multiple excitation 
wavelengths. Recently we have developed a new implantation of SPM 
which consists of a high-speed temporal modulator (e.g., an electro-
optic modulator) and polarization optics. The modulator aperture can 
be easily configured while multiple excitation wavelengths can share 
the same modulator. This new SPM implementation also facilitates 
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miniaturization and is desirable for developing endoscopic FMM in the 
future.

8086-18, Session 4

Optical recording of action potential 
propagation in t-tubular network
L. Sacconi, R. Coppini, C. Ferrantini, J. Lotti, C. Tesi, E. Cerbai, 
Univ. degli Studi di Firenze (Italy); P. Yan, L. M. Loew, Univ. 
of Connecticut Health Ctr. (United States); C. Poggesi, F. S. 
Pavone, Univ. degli Studi di Firenze (Italy)

In cardiac cells many membrane channels are heterogeneously 
distributed between Surface and T-tubule membranes. Simultaneous 
recording of membrane potential in the two sarcolemma domains 
can reveal potential peculiarities of T-tubule electrophysiology. This is 
not feasible with traditional electrophysiological techniques. Current 
optical techniques for recording membrane potential can potentially 
overcome the microelectrode limitation. However, most approaches 
to the optical recording of membrane potential events lack the spatial 
and temporal resolution needed for regional assessment of action 
potential (AP) profile. Here, we developed an ultrafast random access 
two-photon microscope capable of optically recording fast membrane 
potential transients in multiple positions of the cell membrane with µm 
spatial resolution. The random access microscope, in combination with 
a novel voltage sensitive dye, was used to simultaneously record AP in 
surface sarcolemma and T-tubules in isolated cardiac myocytes with 
sub-millisecond time resolution. We found that in myocytes, paced at 
0.2 Hz, the AP in the T-tubule has identical amplitude and kinetics as 
in the surface sarcolemma, indicating that the tight electrical coupling 
between the two membrane domains prevails over the inhomogeneous 
distribution of membrane currents. Consistently, in myocytes that 
had been acutely detubulated by formamide-induced osmotic 
shock, T-tubule AP was absent, indicating a complete uncoupling 
from the surface sarcolemma. The electrophysiological properties of 
t-tubules may be altered in pathological conditions, when detubulation 
and T-tubule remodelling occur. To mimic a model of pathological 
detubulation, myocytes were cultured for 24-36 hours, thus obtaining 
a significant loss and disorganization of the T-tubular network. 
Membrane staining confirmed the loss and morphological alterations of 
T-tubules; however, the electrical activity in the remaining remodelled 
T-tubules was preserved, suggesting that remodelled T-tubules were 
still coupled to the surface sarcolemma.

8086-19, Session 4

Multiphoton imaging of the cornea: 
polarization-resolved second harmonic 
generation from stromal collagen lamellae
G. Latour, I. Gusachenko, Ecole Polytechnique (France); 
L. Kowalczuk, K. Plamann, Ecole Nationale Supérieure de 
Techniques Avancées (France); E. Beaurepaire, M. Schanne-
Klein, Ecole Polytechnique (France)

Non-invasive optical imaging methods are crucial in ophthalmology to 
provide information about the physiopathology of the eye. Multimodal 
multiphoton microscopy appears as a promising method for obtaining 
highly contrasted virtual biopsies with a micrometer resolution in 
unstained samples. Different endogenous contrasts are obtained in the 
cornea: 2-Photon Excited Fluorescence (2PEF) from the epithelial and 
endothelial cells and keratocytes and Second Harmonic Generation 
(SHG) from the collagen lamellae that compose the stroma. In this 
study, the multiphoton setup is extended to perform polarization-
resolved Second Harmonic Generation (SHG) imaging. We use 
waveplates to adjust the polarization of the excitation and we analyse 
the forward SHG signal using a polarizing prism and linear polarizers. 
Forward-directed SHG images exhibit fibrillar structures with 
dimensions larger than the 35 nm-diameter fibrils within the stromal 
lamellae. We use a tensorial analysis of the non-linear response of the 
tissue to analyse these images and we demonstrate that the observed 
structures reveal the orientation of the fibrils within each lamellae. 
Furthermore, although the epi-detected SHG images are spatially 
homogenous, we show that polarization resolution of these images 

also provide information to retrieve the orientation of the collagen 
lamellae. In conclusion, polarization-resolved SHG microscopy enables 
the visualisation of the architecture of fibrillar collagen within the 
stroma using an epi-detection setup that is compatible with in vivo 
imaging.

8086-20, Session 4

Multimodal nonlinear optical microscopy 
used to discriminate epithelial ovarian 
cancer
J. F. Adur, V. B. Pelegati, A. A. de Thomaz, D. B. Almeida, F. 
Bottcher-Luiz, L. Andrade, C. Lenz Cesar, Univ. Estadual de 
Campinas (Brazil)

Epithelial ovarian cancer is the gynecologic cancer with the highest 
mortality among gynecologic cancers.

A disease with nonspecific symptoms, epithelial ovarian cancer 
typically is diagnosed in late stages. It is therefore imperative to better 
understand the fundamental changes in ovarian carcinogenesis to 
develop early diagnostic measures for ovarian cancer that could 
improve the outcome of the disease.

In previous works, nonlinear multiphoton microscopy has been shown 
to be a powerful tool to image endogenous contrast in tissue and 
could be a potentially attractive technique for the diagnosis of epithelial 
precancers and cancers. Currently the most widely used contrast 
mechanisms in nonlinear optical microscopy are two-photon excitation 
fluorescence and second and third harmonic generations respectively. 
Optical biomarkers of ovarian cancer were specifically evaluated 
with nonlinear microscopy. However, few studies have been reported 
combined all techniques in the same study about ovarian cancer.

In this work, we assess of applicability of multimodal nonlinear 
optical microscopy approach to pathological evaluation of ovarian 
carcinoma in human samples using classical hematoxylin-and-eosin 
stained sections. By combining TPEF-SHG and THG microscopy 
within the same imaging platform, we reveal that unique and 
important complementary information can be obtained about the 
overall structure and morphology of stromal epithelial interface of 
ovary. We demonstrate qualitatively and quantitatively, that SHG and 
THG of stained optical sections in ovarian tissues allow reproducible 
identification of neoplastic features such as cellular atypia and 
architectural alterations of collagen fibrils at different stages of 
carcinogenesis.

8086-21, Session 4

Imaging amylopectin’s order in starch using 
3-dimensional polarization SHG
S. Psilodimitrakopoulos, I. Amat-Roldán, D. Artigas-García, P. 
Loza-Alvarez, ICFO - Instituto de Ciencias Fotónicas (Spain)

Starch is a very efficient second-harmonic generation (SHG) converter 
that has been imaged in living plant cells walls and in the form of 
granules. Starch is composed of amylose and amylopectin and 
it possesses a 3D radial architecture. Moreover, under hydration 
amylopectin molecules are further organized in a structure called 
crystalline lamellae. Here, based on polarization sensitive SHG (PSHG) 
imaging, we show that amylopectin is the SHG source in starch and 
we quantify its degree of organization, upon hydration. To do that, 
we introduce a 3D biophysical model that takes into account the 
influence of the tilted-off plane supramolecules. Conveniently starch 
granules possess a 3D radial structure that allows evaluating the angle 
of the supramolecules being off-plane, while its hydrated and dry 
state can be related to an ordered and a disordered macromolecular 
organization, respectively. Here we illustrate the applicability of our 3D 
model to offer new insights to the structural characteristics of starch. In 
particular, we found that amylopectin does not change upon hydration 
and that the distribution of the angular orientation for hydrated 
granules is ~31% narrower than that of a dried starch. Previous 2D 
models attribute such change to structural differences of the SHG 
molecules. Our 3D model attributes those changes to the tilted-off the 
plane supramolecules. After using this correct interpretation and by 
considering that hydration increases the organization of amylopectin 
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molecules we conclude that the width of the pixels’ distribution 
provides a measurement of the degree of organization.

8086-22, Session 4

Multimodal multiscale three-dimensional 
optical imaging of rodent brain slices
S. Donner, A. Krüger, Laser Zentrum Hannover e.V. (Germany); 
K. Schwabe, Medizinische Hochschule Hannover (Germany); 
A. Ngezahayo, Leibniz Univ. Hannover (Germany); A. 
Heisterkamp, Laser Zentrum Hannover e.V. (Germany)

Neurosurgeons use preoperative imaging data for navigation. For 
the exact placement of stimulating instruments intra-operative high 
resolution optical imaging would provide higher accuracy. There are 
several optical modalities for brain imaging which utilize intrinsic 
contrast and cover different scales. For mutual comparison and 
evaluation of possible combinations of optical coherence tomography 
(OCT), two photon laser scanning microscopy (TPLSM) and confocal 
laser scanning microscopy in reflective mode (rCLSM) are tested in 
a combined setup on brain slices from rodents. Different regions of 
the brain such as cortex and hippocampus could be identified by 
OCT and rCLSM. Two-photon excited autofluorescence was located 
around cell nuclei. Counterstaining with fluorescent dyes and using 
rodents expressing enhanced green fluorescent protein allowed for 
identification of cell shaped structures visible in the rCLSM images.

8086-23, Session 5

Accessing nonlinear phase contrast in 
biological tissue using femtosecond laser 
pulse shaping
M. C. Fischer, P. Samineni, B. Li, K. Claytor, W. S. Warren, Sr., 
Duke Univ. (United States)

Nonlinear optical interactions offer several advantages for molecular 
imaging in highly scattering tissue. The localized nature of the 
interaction leads to high spatial resolution, optical sectioning, 
and larger possible imaging depth than linear methods. However, 
nonlinear contrast (other than fluorescence or harmonic generation) is 
generally difficult to measure because it is overwhelmed by the large 
background of detected illumination light. Especially challenging to 
measure is the nonlinear refractive index - accessing this quantity 
would allow the extension of widely employed phase microscopy 
methods (phase contrast, differential interference contrast) to the 
nonlinear regime. Phase measurements are generally difficult because 
the phase information needs to be converted to intensity changes. 
Small phase changes therefore often present an overwhelming 
background of incident light. We have developed a technique to 
suppress the background in these types of measurements by using 
femtosecond pulse shaping to encode nonlinear interactions in 
background-free regions of the frequency spectrum. Using these 
pulse shaping techniques we have been able to measure self-phase 
modulation (SPM) in highly scattering environments, such as biological 
tissue, with very modest power levels. We have shown that our 
measurement technique by far outperforms conventional measurement 
methods in these samples. We have also extended this measurement 
method to cross-phase modulation, the two-color analogue to self-
phase modulation. The two-color approach dramatically improves 
the measurement sensitivity by reducing undesired background and 
associated noise. As a demonstration of nonlinear phase contrast in 
tissue we present our investigations on SPM as an intrinsic contrast 
mechanism for neuronal activity. Using our measurement technique we 
demonstrated strong intrinsic SPM signatures of glutamate-induced 
neuronal activity in hippocampal brain slices. We will describe the 
nonlinear phase contrast measurement technique and report on its 
application for imaging neuronal activity.

8086-24, Session 5

Time-multiplexed two-photon microscopy 
using broadband shaped femtosecond 
pulses
G. Labroille, R. Sreedharan, X. Solinas, Ecole Polytechnique 
(France); C. Boudoux, Ecole Polytechnique de Montréal 
(France); N. Olivier, E. Beaurepaire, M. Joffre, Ecole 
Polytechnique (France)

Coherent control can be used to selectively enhance or cancel 
concurrent multiphoton processes, and has been suggested as a 
means to achieve nonlinear microscopy of multiple signals. Here we 
report two methods to achieve multiplexed two-photon imaging in vivo 
with fast pixel rates and micrometer resolution. 

The two-photon spectrum is tailored to excite selectively the desired 
chromophore by applying a third-order spectral phase on the incident 
pulses. The effective excitation frequency can then be tuned by 
changing the inflection point of the spectral phase. In a first approach, 
we control broadband laser pulses with a shaping scheme combining 
diffraction on an optically-addressed spatial light modulator and a 
scanning mirror allowing to switch between programmable shapes up 
to kiloHertz rates. In the second approach, we produce the third-order 
spectral phase by using linear dispersion in a prism compressor, whose 
negative second-order component is cancelled out by the positive 
dispersion of the microscope objective, so that the net spectral phase 
is essentially a third-order function of frequency. The inflection point 
is then tuned by introducing an additional amount of quadratic phase, 
e.g., with a piece of glass inserted in the optical path. This second 
approach allows a straightforward implementation of time multiplexing 
by interlacing two pulse trains with or without the additional piece of 
glass, resulting in a pulse-shape switching rate of 150 MHz.

Both methods make possible the use of coherent control of the two-
photon excited fluorescence with phase-shape broadband pulses 
as an efficient approach for selective two-photon microscopy. This 
is illustrated by the acquisition of multiplexed two-photon images of 
developing Drosophila embryos.

8086-25, Session 5

Non linear optical microscopy of adipose-
derived stem cells induced towards 
osteoblasts and adipocytes
R. Mouras, P. O. Bagnaninchi, A. R. Downes, M. Muratore, A. P. 
D. Elfick, The Univ. of Edinburgh (United Kingdom)

The characterization of stem cells is differentiation of vital importance 
to regenerative medicine. This is typically undertaken with fluorescent 
assays which cause perturbations to the cell. A truly non-invasive 
method of characterisation is of utmost importance in stem cell-based 
therapies.

Adipose-derived stem cells (ADSCs) are cells isolated from patient’s 
lipoaspirate. They are a realistic autologous source for cell-based 
orthopaedic and reconstructive therapies. Label-free, non-invasive 
and quantitative methods are required to assess the efficiency of SC 
differentiation and to ensure efficient translation of SC technologies to 
clinical practice. 

Coherent anti-Stokes Raman scattering (CARS) microscopy is a 
nonlinear process allowing chemically selective imaging with high 
sensitivity and three-dimensional capabilities. It is a label-free imaging 
technique because the contrast is based on endogenous molecules. 
Thus, CARS microscopy is ideally suited to peturbation-free monitoring 
of differentiation state (pluripotency) of cells.

The combination of CARS and other multi-photon imaging techniques 
such as two photon fluorescence (TPF), second harmonic generation 
(SHG) and so on, provides a wealth of chemical and biological 
information and helps to address the most persistant biological 
questions. The multimodal imaging approach has a great potential to 
contribute to diagnosis of diseases like cancer, atherosclerosis and 
neurodegeneration. 

In this study, the differentiation of ADSCs into two cell phenotypes was 
monitored in parallel using CARS and SHG. Multimodal microscopy 
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showed the potential to monitor and quantify differentiation state with 
the same efficiency as fluorescence but without the use of labelling 
agents. The label-free advantage of CARS holds considerable promise 
for the non-invasive assessment of the differentiation state of SCs prior 
to their use for cell therapy in regenerative medicine.

8086-26, Session 5

New biomedical opportunities offered by 
compact sub-nanosecond supercontinuum 
sources
P. Leproux, V. Couderc, Univ. de Limoges (France); G. Huss, 
Leukos (France)

This talk will review recent developments and demonstrations of 
compact supercontinuum (SC) laser sources. These sources are 
commonly based on the combination of an infrared sub-nanosecond 
microchip laser (pulse duration < 1 ns) and a photonic crystal fibre 
(PCF), along which high peak power optical pulses are propagated 
in highly nonlinear regime. The spectral broadening obtained by this 
technique ranges from the ultraviolet/visible to the deep near infrared.

Such microchip-based white-light laser sources offer attractive 
benefits in terms of size, robustness, stability and cost. They also 
have great potential as illuminating sources for different kinds of 
applications. In particular, some promising results in the biomedical 
field will be introduced. These results relate to optical coherence 
tomography (OCT), coherent anti-Stokes Raman scattering (CARS) 
microspectroscopy and flow cytometry. They were obtained on 
different biological samples at different scales (cell, microorganism, 
tissue and organ). Finally, in connection with flow cytometry 
applications, a MEMS-based optical system for discrete selection of 
user-defined spectral regions, from a SC spectrum, will be reported.

All these results suggest interesting prospects regarding the use of 
compact SC sources intended for combining several modalities of cell 
imaging, counting and sorting.

8086-27, Session 5

Automatic laser alignment for multifocal 
microscopy using a LCOS SLM and a 32x32 
pixel CMOS SPAD array
D. Tyndall, R. Walker, The Univ. of Edinburgh (United Kingdom); 
K. Nguyen, The Univ. of Edinburgh Group (United Kingdom); 
R. Galland, J. Gao, I. Wang, M. Kloster, A. Delon, Univ. Joseph 
Fourier (France); R. K. Henderson, The Univ. of Edinburgh 
(United Kingdom)

Alignment of a laser to a point source detector for confocal microscopy 
can be a time-consuming task. The problem is further exacerbated 
when multiple laser excitation spots are used in conjunction with 
a multiple pixel single photon detector; in addition to X, Y and Z 
positioning, pixels in a 2D array detector can also be misaligned in 
roll, pitch and yaw with respect to each other, causing magnification, 
rotation and focus variation across the array. We present a technique 
for automated multiple point laser alignment to overcome these issues 
using closed-loop feedback between a laser illuminated computer 
controlled Liquid Crystal on Silicon Spatial Light Modulator (LCOS-
SLM) acting as the excitation source and a 32x32 pixel CMOS Single 
Photon Avalanche Diode (SPAD) array as the multiple pixel detection 
element. The alignment procedure is discussed and simulated to prove 
its feasibility before being implemented and tested in a practical optical 
system. We show that it is possible to align each independent laser 
point in a sub-second time scale, significantly simplifying and speeding 
up experimental set-up times. The approach provides a solution to the 
difficulties associated with multiple point confocal laser alignment to 
multiple point detector arrays, paving the way for further advances in 
applications such as Fluorescence Correlation Spectroscopy (FCS) and 
Fluorescence Lifetime Imaging Microscopy (FLIM).

8086-28, Session 6

3D tumor imaging by self interference 
fluorescence endoscopy
M. de Groot, J. F. de Boer, Vrije Univ. Amsterdam (Netherlands)

We present Self Interference Fluorescence Endoscopy (SIFE), a novel 
technique that allows 3D imaging of tumors labeled with fluorescent 
markers. In contrast to current methods (e.g. confocal or two photon 
microscopy) the method does not require scanning to obtain depth 
information. This makes the technique ideally suited for incorporation 
into small endoscopes. The technique is based on the principle of 
self-interference: by presenting the fluorescent photons with two 
alternative optical paths they are forced to interfere with themselves. 
Alternating constructive and destructive interference modulates the 
detected fluorescence spectrum. The phase of this spectral modulation 
uniquely determines the depth location of the fluorescent source. We 
demonstrate sub 10 µm localization accuracy with a depth of field 
of 1 mm. To investigate the effect of wavefront distortion by random 
scattering, we imaged a multilayer sample through 1 mm 1% intralipid 
solution and show that the sensitivity in the presence of scattering 
is still excellent (20 µm). These results demonstrate that SIFE can 
be used at a depth that matches well with the typical imaging depth 
of Optical Coherence Tomography (1 - 2 mm). By integrating this 
technique into an Optical Coherence Tomography endoscope we 
will create a new multi-modal imaging approach that is expected to 
improve the sensitivity and selectivity of early cancer diagnosis.

8086-29, Session 6

3D laser-scanning intersecting plane 
tomography (L-SIPT) for high speed, 
translationless volumetric microscopy
M. B. Bouchard, E. M. C. Hillman, Columbia Univ. (United 
States)

Several new volumetric optical imaging techniques have been 
developed to image biological tissues in 3-Dimensions (3D) on 
length scales ranging from the micro- to macroscale. Many of 
these techniques, such as Ultramicroscopy, utilize light-sheets with 
orthogonally co-aligned cameras to image fluorescence contrast, and 
can provide diffraction limited resolution across 3D volumes. However, 
these techniques are limited to imaging minimally or non-scattering 
samples, or larger ex-vivo, chemically cleared samples. Additionally, 
they require physical translation of the sample relative to the imaging 
system, which significantly limits their achievable volumetric scan rates 
as well as the types of samples they can image.

We have developed a new optical imaging technique called Laser 
Scanning Intersecting Plane Tomography (L- SIPT) which utilizes a 
non-contact imaging geometry to perform high-speed 3D imaging of 
non- to minimally scattering tissues. The L-SIPT imaging geometry is 
similar to a single lens, line-scanning, confocal theta microscope, but 
has off-axis detection similar to Laminar Optical Tomography (LOT). 
This design allows a sample to be imaged in 3D without requiring 
any translation relative to the imaging system. Images are acquired 
by simply placing the object in front of the system’s objective lens. 
Furthermore, the volume swept by L-SIPT can be scaled from micro- 
to macro-scales through the choice of appropriate lenses. In this work 
we provide the first demonstration of fully integrated 3D fluorescence 
imaging using L-SIPT. We will describe the basic principles of L-SIPT’s 
imaging geometry, present raytracing simulations of its non-Cartesian 
image space, and provide our latest 3D imaging results.

8086-30, Session 6

Optically sectioned imaging by oblique 
plane microscopy
S. Kumar, D. Wilding, M. B. Sikkel, A. R. Lyon, K. T. MacLeod, 
C. W. Dunsby, Imperial College London (United Kingdom)

Oblique Plane Microscopy (OPM) is a light sheet microscopy technique 
that combines oblique illumination with correction optics that tilt the 
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focal plane of the collection system. OPM can be used to image 
conventionally mounted specimens on coverslips or tissue culture 
dishes and has low out-of-plane photobleaching and phototoxicity. 
No moving parts are required to achieve an optically sectioned image 
and so high speed optically sectioned imaging is possible. New OPM 
results obtained using a high NA water immersion lens to image live 
cells will be presented, together with a discussion of the achievable 
numerical aperture and image resolution. The system is applied to high 
speed optically sectioned imaging of calcium wave activity in isolated 
cardiac myocytes at 500 frames per second.

8086-31, Session 6

Toward 3-dimensional virtual biopsy of 
oral lesions through the development of a 
confocal endomicroscope interfaced with 
embedded computing
P. S. P. Thong, National Cancer Ctr. of Singapore (Singapore); 
M. C. Olivo, National Cancer Ctr. of Singapore (Singapore) and 
Singapore Bioimaging Consortium (Singapore) and National 
Univ. of Ireland Galway (Ireland); M. Movania, S. S. Tandjung, 
Nanyang Technological Univ. (Singapore); R. Bhuvaneswari, 
National Cancer Ctr. of Singapore (Singapore); H. Seah, F. Lin, 
K. Qian, Nanyang Technological Univ. (Singapore); K. Soo, 
National Cancer Ctr. of Singapore (Singapore) and Singapore 
General Hospital (Singapore)

Oral lesions are conventionally diagnosed using white light endoscopy 
and histopathology of biopsy samples. Oral lesions are often flat 
and may be difficult to visualise under white light illumination. 
Moreover, histopathology is time-consuming and there is a need to 
develop minimally-invasive optical biopsy techniques to complement 
current diagnostic techniques. Confocal laser endomicroscopy is an 
emerging technique that holds promise for virtual biopsy in disease 
diagnosis. This technique enables fluorescence imaging of surface 
and subsurface structures at microscopic resolution. We have 
developed a prototype real-time 3-dimensional (3D) imaging system 
using a confocal laser endomicroscope interfaced with embedded 
computing for 3D fluorescence visualization of the oral cavity. A Field-
Programmable Gate Array computing platform has been programmed 
to synchronize cross-sectional image grabbing and Z-depth scanning, 
as well as automate acquisition of confocal image stacks. A PC 
equipped with a Graphics Processing Unit was used for real-time 
volume rendering of the confocal image stacks. We carried out pilot 
pre-clinical and clinical studies to test real-time 3D endomicroscopic 
imaging of the murine and human oral cavity using fluorescein 
sodium. High quality volume renderings of the confocal imaging 
stacks were generated using 3D texture slicing. Tissue morphology 
and 3D structures in the oral cavity could be visualized. The results 
demonstrate the potential of the endomicroscope-embedded 
computing system for real-time 3D visualization of cellular and tissue 
structures in the oral cavity. This development paves the way toward 
real-time virtual biopsy of oral lesions. Our ultimate aim is to achieve 
same-day diagnosis of oral cancers in a clinical setting.

8086-32, Session 6

Multi channel spectrally encoded 
endoscopic probe
G. Engel, D. Yelin, Technion-Israel Institute of Technology 
(Israel)

Small diameter clinical endoscopes are gradually becoming accepted 
for various applications that require minimally invasive diagnosis, 
allowing clinicians to closely examine a wide variety of organs in 
situ. Fiber bundles are currently the most widely used technology for 
miniature endoscopy. In the last decade, a new method for miniature 
endoscopy was introduced, termed spectrally-encoded endoscopy 
(SEE), which allow high image quality while still maintaining a small 
form factor. 

In this work we design, construct and demonstrate a novel miniature 
SEE probe which comprised of two optical fibers; a multimode fiber for 

illumination and a single mode fiber for imaging. The total length of 500 
micron diameter probe optics was 3.65 mm. In order to evaluate the 
imaging characteristics of the probe, a resolution target was illuminated 
by coupling 200 nm wavelength band (450-650 nm) from the spatially 
coherent broadband supercontinuum source to a multimode fiber. 
A two-dimensional image was obtained by scanning the target 
perpendicular to the spectrally encoded line. Pronounce spackle noise 
was clearly seen due to the spatial coherence of the illumination. 
In order to overcome this noise we have laterally translated a small 
section of the illumination fiber during image acquisition, resulting in 
mixing of the various propagating modes inside the fiber, allowing for 
effective noise reduction upon averaging.

The presented novel endoscopic system and miniature probe would 
be useful for applications that require conventional, non-interferometric 
imaging through flexible, compact probes.

8086-36, Poster Session

High-speed focal modulation microscopy 
using acousto-optical modulators for 
observation of thick biological specimens
S. P. Chong, G. Gao, C. J. R. Sheppard, N. Chen, National 
Univ. of Singapore (Singapore)

In recent development of fluorescence microscopy, the out-of-focus 
fluorescence background that arises when imaging deep inside 
biological tissues is critical in determining the image quality and 
penetration depth. Focal Modulation Microscopy (FMM) is an emerging 
single-photon excitation fluorescence microscopy technique that 
can provide sub-micron spatial resolution deep imaging of biological 
tissues mainly by preserving the signal-to-background ratio. In 
FMM, two background suppression schemes (focal modulation and 
confocal pinhole) are combined to effectively reject the multiple-
scattered photons. A spatial light modulator is inserted into illumination 
pathway to spatial-temporally shape the phase of the beam. Thus, an 
intensity modulation at focal point is being induced by interference 
of two periodically phase modulated (or frequency-shifted) excitation 
beams, which are spatially separated except when brought to the 
focal point by the objective lens. Ballistic photons contribute mainly 
to the oscillatory excitation confined exclusively at the focal point as 
they have well defined phase and polarization compared to scattered 
photons, though both of them could reach the focal point. Only the 
fluorescence emission signal from the focal region is modulated at 
the same frequency as excitation, which can be retrieved through 
heterodyne techniques for image reconstruction. Real-time image 
acquisition can be achieved with the implementation of FMM using 
acousto-optic modulators (AOM) with MHz range modulation 
frequency. We demonstrated here image quality improvement using 
FMM and discuss the issues of inherent Poisson statistical noise that 
gradually becoming significant when imaging deeply into biological 
tissues as well as further improvement of the image quality with the 
inclusion of noise removal algorithm.

8086-37, Poster Session

Pulse laser assist optical tweezers (PLAT) 
with long-duration pulse laser
S. Maeda, T. Sugiura, K. Minato, Nara Institute of Science and 
Technology (Japan)

Optical tweezers is a technique to trap and to manipulate micron sized 
objects under a microscope by radiation pressure force exerted by a 
laser beam. Optical tweezers has been utilized for single-molecular 
measurements of force exerted by molecular interactions and for cell 
palpation. 

To extend applications of optical tweezers we have developed a 
novel optical tweezers system combined with a pulse laser. We 
utilize a pulsed laser (Q-switched Nd: YAG laser, wavelength of 1064 
nm) to assist manipulations by conventional optical tweezers with a 
continuous wave (CW) laser. 

The pulsed laser beam is introduced into the same optics for 
conventional optical tweezers. In principle, instantaneous radiation 
force is proportional to instantaneous power of laser beam. As a result, 
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pulsed laser beam generates strong instantaneous force on an object 
to be manipulated. If the radiation force becomes strong enough to get 
over an obstacle structure and/or to be released from adhesion, the 
object will be free from these difficulties.

We investigate the effect of pulse laser assistance with changing pulse 
duration of the laser. We report optimum pulse duration of 100 ns to 
200 ns deduced from motion analysis of a particle in a beam spot. 
Our goal is to realize in-vivo manipulation and operation of a cell. For 
this purpose we need to reduce light energy of pulse laser beam and 
to avoid laser induced breakdown caused by strong light field. So we 
have developed a pulse laser with 160ns to 200ns pulse duration and 
have confirmed that availability on manipulation of living cells.

8086-38, Poster Session

Angular resolved scattering microscopy
T. Rothe, M. Schmitz, A. Kienle, Univ. Ulm (Germany)

STUDENT PAPER AWARD The analysis of particle size and structure 
without any manipulation by exogenous markers is essential for 
investigating biological cells and tissues. For this purpose we built up 
a scattering microscope and already proofed that spectral resolved 
scattering microscopy is suitable to detect differences in sphere 
diameters of a few nanometers. Using an angular resolved scattering 
microscopy we are able to distinguish diameters of single polystyrene 
spheres with a standard deviation of less than 1%. The setup consists 
of an inverse microscope with a reflected darkfield illumination that 
is realized by a collimated beam with a well-defined angle. Therefore, 
only scattered light is detected, whereas unscattered light is excluded. 
A supercontinuum laser in combination with an acousto-optic tunable 
filter (AOTF) allows wavelength tuning of free choice. For validation 
we measured single polystyrene beads at different wavelengths and 
determined the sphere diameters by correlating angular resolved 
measurements of the scattered light with the theoretical angular 
distribution. The calculations of the angular dependencies are based 
on Mie theory. Input parameters such as the refraction index of the 
spheres and the air surrounding it are well-known. The average 
diameter of a single polystyrene bead was distinguished with a relative 
error of 0.65%. The reproducibility for each wavelength was in the 
range of a few nanometers. The results are in very good agreement 
with previous measurements which were done with a spectral resolved 
scattering microscope and a collimated transmission setup as well. 
Further, angular resolved measurements can deliver information not 
only about the size but also about the microstructure of particles. After 
the evaluation of the scattering microscope, both, angular resolved 
and spectral resolved measurements will be reliable methods for the 
investigation of biological cells and tissues.

8086-39, Poster Session

Comparison between spectral resolved 
scattering microscopy and collimated 
transmission measurements
M. Schmitz, T. Rothe, A. Kienle, Univ. Ulm (Germany)

Scattering microscopy allows the analysis of biological microstructures 
without any manipulation by exogenous markers. We have already 
proofed that spectral resolved scattering microscopy is suitable to 
detect differences in diameters of a few nanometers. However, the 
conformity of physical measured variables determined with different 
methods is not self-evident and therefore needs to be verified. Thus, 
for solutions of monodisperse polystyrene beads having a narrow 
size distribution, we first measure the extinction coefficient with 
a collimated transmission setup. This signal can be theoretically 
expressed by Mie theory and therefore the mean diameter and the 
standard deviation of the particle size distribution can be estimated 
with the help of a self-written correlation algorithm. Then, with the 
identical solutions, we prepare dry single particle samples and measure 
a sufficient number of beads with the spectral resolved scattering 
microscope separately. As its setup consists of a reflected darfield 
illumination, only light that is scattered from the sample is detected by 
a spectrometer. The diameter of each particle is determined once more 
with an algorithm based on Mie theory. Finally, we compare the results 
for the mean diameter and the standard deviation of both methods. 

The findings differ only by 10 nm for the mean value which equals a 
systematic error of 0.24 % and 1 nm for the standard deviation which 
equals a systematic error of 5.0 %. Presently, we are performing 
angular resolved measurements with the scattering microscope too. 
This would provide us with another independent measurement method 
for single particles which can be compared to the here presented work.

8086-40, Poster Session

High-speed molecular detection and 
analysis using DVD optical disc technology
J. Tominaga, S. C. B. Gopinath, National Institute of Advanced 
Industrial Science and Technology (Japan); O. Nagumo, Design 
Tech Co., Ltd. (Japan); E. Suenaga, P. K. R. Kumar, National 
Institute of Advanced Industrial Science and Technology 
(Japan)

We provide a cheap and useful optical bio-molecular sensor media 
and equipment based on an optical disc technology. It is well known 
that digital versatile disc (DVD) and its drive are composed of the most 
advanced and the cheapest optical technology available at home and 
office. At the moment, the optical pickup module including a laser unit, 
an objective lens with 0.60 numerical aperture, a three-dimensional 
voice-coil auto-actuator, a four-divided photo-detector, and beam 
splitters can be obtained at one US $. Once transferring the optical 
module and the recordable media into bio-molecular sensing, however, 
the cheap system can monitor RNA-protein and aptamer-protein 
reactions with almost the same sensitivities as plasmonic sensors. 
We introduce the potential of Bio-DVD platform and the performance 
through recognizing different HA-derived from newly emerging 
influenza viruses.

Bio-DVD platform is based on an optical interferometry between thick 
and thin gold layers, which are separated by a transparent ZnS-SiO2 
layer. The transparent layer is also sub-divided into two layers by a thin 
film of optical phase-change material (Ag-In-Sb-Te), in which spotted-
liquid number and address information are optically recorded by a DVD 
laser head. Different from other x-y positioning-type optical biosensors, 
a very fast sensing is enabled by rotating a Bio-DVD at DVD (~6 m/s) 
or higher speed because of free from the inertia of an optical sensor 
head. A dT20 single strand of DNA was first immobilized due to a thiol 
group combined with. An aptamer, which had a strong bonding ability 
against a haemagglutinin of influenza-A viruses, was decorated to the 
other end. After reaction with the haemagglutinins, we succeeded in 
optical discrimination at the first time between influenza A and B types 
with a great contrast at our spinning Bio-DVD.

8086-41, Poster Session

Characterization the correlation between 
collagen fibril thickness and forward and 
backward second harmonic signal
C. Hsueh, V. A. Hovhannisyan, C. Dong, National Taiwan Univ. 
(Taiwan)

Optical-based microscopy plays an important role in various scientific 
fields such as physics, chemistry and biology. Second harmonic 
generation (SHG) microscopy has become one of the indispensable 
tools for biomedical imaging for the last decade because the signal 
generated from SHG is sensitive to the objective structure and this 
amazing non-invasive method can also directly observe the objective 
without using extra fluorescent labels, especially for collagen 
molecules. As the most abundant protein in animals, collagen is 
responsible for a number of important structural and functional roles 
in vertebrates. For certain diseases, it has been shown that collagen 
fiber diameter has a significant variation and thus as a vital symptom 
for diagnosis. Moreover, collagen diameter is also a key parameter 
for fibrogenesis studying. Therefore, the determination of collagen 
fiber diameter is important for studying biophysical processes and 
identifying bioengineering applications. In this study, we investigated 
various collagen fibril thicknesses and the corresponding forward 
(FSHG) and backward (BSHG) second harmonic signal intensity 
variation. Our result exhibits that SHG intensity can quantify describe 
the relative collagen fibril thickness alteration, which also indicates the 
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coherent effect difference between FSHG and BSHG. This approach 
demonstrates the capability of SHG imaging in providing collagen 
mechanical information and that may be applied in the evaluation of 
advancing collagen issues in vivo.

8086-42, Poster Session

Simultaneous reflection microscopy and 
surface plasmon resonance imagery: 
dynamical study of cell motility
J. Moreau, Lab. Charles Fabry (France); J. Allain, R. Gulvady, 
Ecole Polytechnique (France); A. Bellemain, M. T. Canva, Lab. 
Charles Fabry (France)

We present a novel optical instrumentation which allows simultaneous 
reflection microscopy and surface plasmon resonance imagery on a 
biochip. The aim is to obtain near-field as well as far field information 
in real time. Study of large biological objects such as cell or tissue on 
biochips would benefit from such simultaneous observations. A study 
on cell motility on the model case of Dictyostelium cells was initiated 
using this setup. We show that quantitative information on the surface 
interaction of cells during their movement can be extracted from the 
comparison between SPRi and microscope images.

8086-43, Poster Session

Dynamic analysis of pulmonary infection 
using coupled ventilator and two-photon 
microscope
D. Fiole, Institut de Recherche Biomédicale des Armées 
(France) and Univ. Joseph Fourier (France); A. Quesnel-
Hellmann, A. Cleret, K. Garraud, J. Mathieu, Institut de 
Recherche Biomédicale des Armées (France); J. A. Vial, J. 
Douady, Univ. Joseph Fourier (France); J. Tournier, Institut de 
Recherche Biomédicale des Armées (France)

Lung efficiency as gas exchanger organ is based on the delicate 
balance of its associated mucosal immune system between 
inflammation and sterility. Exploration of lung immune system dynamic 
under infection has not been performed in detail so far, mainly because 
ventilation mechanic and chest movement impair microscope focus. 
We addressed this issue by synchronizing ventilation and imaging. 
This novel in vivo lung imaging protocol allows the collection of 
important information about the early stages of pulmonary anthrax 
pathophysiology, a severe disease due to inhalation of Bacillus 
anthracis spores.

Mouse are anesthetized and placed under a Flexivent® ventilator 
linked to the microscope. Imaging is performed on a LSM 710 Zeiss™ 
microscope allowing both confocal and twophoton mode. Alexa 
chemically labelled Sterne’s strain spores are instilled in CX3CR1+/
gfp mice, which express green fluorescent protein mainly in dendritic 
cells (DCs) and monocytes. The generation of second harmonic signal 
allows detection of pulmonary alveoli collagen fibers as a non-centro 
symmetric material.

Our study shows for the first time the infection dynamic in the lungs 
after inhalation of B. anthracis spores, demonstrating that subepithelia 
DCs take up intraluminal spores through trans-epithelial extensions. 
To our knowledge, the use of this novel in vivo lung imaging protocol 
led to the first visualization of pathogen uptake by immune cells in the 
lungs, demonstrating the key role of dendritic cells acting as Trojan 
horses to penetrate the host defence system.

8086-44, Poster Session

Lensfree in-line holographic detection of 
bacteria
V. Poher, C. P. Allier, J. G. Coutard, J. M. Dinten, Lab. 
d’Electronique de Technologie de l’Information (France)

Due to low light scattering, bacteria are difficult to detect using 
lensless imaging systems. In order to detect single bacterium, we 
report a method based on a thin wetting film imaging that produces 
a micro-lens effect on top of each bacterium when the sample dries 
up. Imaging using a high-end CMOS sensor is combined with an 
in-line holographic reconstruction to improve positive detection rate 
up to 95% with micron-sized beads at high density of ~1,000 objects/
mm2. The system allows detecting from single bacterium to highly 
concentration solutions (1,000 bacteria/µl) within 10µl sample. A single 
image allows counting up to 10,000 microobjects at once. As an 
example, E.coli, Bacillus subtilis and Bacillus thuringiensis, has been 
successfully detected with strong signal to noise ratio across a 24mm2 
field of view.

8086-45, Poster Session

4D confocal microscopy method for drug 
localization in the skin
U. Maeder, T. Bergmann, J. M. Burg, S. Beer, P. Schlupp, 
T. Schmidts, J. T. Heverhagen, F. Runkel, M. Fiebich, 
Fachhochschule Giessen-Friedberg (Germany)

The development of drug carrier systems (DCS) for the treatment 
of skin diseases is emerging in recent years. Modern DCS like 
submicroemulsions (SME) and solid lipid nanoparticles, for example, 
are developed to further increase the drug-uptake of the skin. 
Regarding the very poor uptake-rate compared to the amount 
administered to the skin for conventional DCS there is a need for 
improved systems to reduce costs and dose.

The evaluation of the developed DCS is an important step in designing 
new systems. A common method to investigate the performance of 
a DCS is a permeation study using Franz diffusion cells. This method 
measures the total amount of a drug that permeates through and 
the total amount that is located within a skin sample using high-
performance liquid chromatography. The disadvantage of this method 
is that no information of the drug distribution in the skin is available. 
Furthermore it is error-prone and time-consuming.

In this study we introduce a method for measuring the drug distribution 
after a permeation study using 4D confocal microscopy (xyzλ). We use 
fluorescent dyes as model agents incorporated in SME to evaluate 
the drug transport and the local distribution. Measuring the emission 
spectra allows the separation into skin auto-fluorescence and the 
fluorescent dyes. In this way we can quantify the fraction of the dye 
contributing to the spectra and therefore it is possible to evaluate the 
drug contribution in the skin sample.

8086-33, Session 7

Light sheet-based fluorescence microscopy 
(LSFM) reduces phototoxic effects and 
provides new means for the modern life 
sciences
E. H. K. Stelzer, European Molecular Biology Lab. (Germany)

The basic idea is to use light sheets, which are fed into the 
specimen from the side and overlap with the focal plane of a wide-
field fluorescence microscope. In contrast to an epi-fluorescence 
arrangement, such an azimuthal fluorescence arrangement uses two 
independently operated lenses for illumination and detection (Stelzer 
1994; Huisken 2004). Optical sectioning and no photo-toxic damage 
or photo-bleaching outside a small volume close to the focal plane 
are intrinsic properties. Light sheet-based fluorescence microscopy 
(LSFM) takes advantage of modern camera technologies. LSFM can be 
operated with laser cutters (e.g. Colombelli 2009) and for fluorescence 
correlation spectroscopy (FCS, Wohland 2010). During the last few 
years, LSFM was used to record zebrafish development from the early 
32-cell stage until late neurulation with sub-cellular resolution and short 
sampling periods (60-90 sec/stack). The recording speed was five four 
Megapixel large frames/sec with a dynamic range of 12-14 bit. We 
followed cell movements during gastrulation, revealed the development 
during cell migration processes and showed that an LSFM exposes an 
embryo to 200 times less energy than a conventional and 5,000 times 
less energy than a confocal fluorescence microscope (Keller 2008). 
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Most recently, we implemented incoherent structured illumination in 
our DSLM (Keller 2010). The intensity modulated light sheets can be 
generated with dynamic frequencies and allow us to estimate the effect 
of the specimen on the image formation process at various depths in 
objects of different age.

8086-34, Session 7

Cell lineage reconstruction of early 
zebrafish embryos using multiharmonic 
microscopy
N. Olivier, Ecole Polytechnique (France); M. A. Luengo-Oroz, 
Univ. Politécnica de Madrid (Spain); L. Duloquin, Institut 
Federatif de Neurobiologie Alfred Fessard (France); E. Faure, 
T. Savy, X. Solinas, I. Veilleux, D. Débarre, P. Bourgine, Ecole 
Polytechnique (France); A. Santos i Lleo, Univ. Politécnica de 
Madrid (Spain); N. Peyriéras, Institut Federatif de Neurobiologie 
Alfred Fessard (France); E. Beaurepaire, Ecole Polytechnique 
(France)

Quantifying cell behaviors in animal early embryogenesis is a 
challenging issue requiring global imaging and automated image 
analysis. We describe a scheme of nonlinear microscopy that provides 
in toto quantitative imaging of cell divisions in unstained zebrafish 
embryos during the first 10 division cycles. Optimized scanning along 
circular trajectories is used to preferentially deliver the excitation 
energy to the innermost regions of the spherical embryo. Using intrinsic 
second- and third- harmonic generation (SHG, THG) signals from 
mitotic spindles and cell boundaries combined with ad-hoc tracking 
and image analysis strategies, we reconstruct the complete cell lineage 
of six embryos during the first ten division cycles, annotated with 
cell position, shape, division time and cell cycle duration. These data 
provide an extensive description of early division dynamics during the 
first 3 hours of development.

8086-35, Session 7

Imaging embryos with multiphoton light 
sheet microscopy
W. Supatto, California Institute of Technology (United States) 
and Ecole Polytechnique (France); T. V. Truong, D. S. Koos, J. 
M. Choi, S. E. Fraser, California Institute of Technology (United 
States)

The study embryonic morphogenesis greatly benefits from the 
recent advances in microscopy. Each improvement of in vivo 
imaging of embryos in terms of spatial resolution, acquisition speed, 
phototoxicity or depth penetration opens new fields of investigation 
in developmental biology. We discuss the advantages and limitations 
of current advanced techniques, including conventional multiphoton 
microscopy and fluorescent light sheet microcopy in imaging embryos. 
We report on the principle, implementation and application of a new 
technique: two-photon light sheet microscopy, combining two-photon 
excited fluorescence with the orthogonal illumination of light sheet 
microscopy. With live imaging of Drosophila and zebrafish embryos 
and providing detailed experimental comparisons, we demonstrate 
the high performance of this new technique compared to current 
state-of-the-art in terms of depth penetration (2-fold improvement in 
depth penetration compared to 1-photon excited fluorescence light 
sheet microscopy), spatial resolution, acquisition speed (at least one 
order of magnitude faster than conventional raster scanning 2-photon 
excited fluorescence microscopy) and low phototoxicity. We further 
show the multi-modality of this imaging technique by carrying out 
second harmonic generation light sheet microscopy to detect collagen 
in mouse tissue. Together, these properties promise a wide range of 
applications for multiphoton light sheet microscopy in 4D imaging of 
live biological systems.

8086-45, Session JS2

Nonlinear microscopy of tissues and 
embryo morphogenesis
E. Beaurepaire, Ecole Polytechnique (France)

Nonlinear microscopy is attractive for live tissue imaging. Second- and 
third-harmonic generation (SHG, THG) signals can provide structural 
information from unstained tissues, in conjunction with fluorescence. 
We will discuss recent applications to zebrafish embryogenesis and 
human cornea imaging, and ongoing developments such as pulse 
shaping and wavefront control.

8086-46, Session JS2

Silk - new opportunities in optics and 
photonics for an ancient material
F. G. Omenetto, Tufts Univ. (United States)

Famous for its use in clothing since early times, silk is now finding new 
applications as a useful biocompatible material platform with utility in 
photonics and electronics. The talk will illustrate how purified silkworm 
silk can be reassembled in high quality, micro- and nanostructured 
optical and optoelectronic elements composed of the organic, 
biocompatible and implantable protein matrix.

8086-47, Session JS2

Development of transient absorption 
ultrasonic microscopy
B. E. Applegate, R. L. Shelton, Texas A&M Univ. (United States)

We have developed a novel, hybrid imaging modality, Transient 
Absorption Ultrasonic Microscopy (TAUM), which takes advantage of 
the optical nonlinearities afforded by transient absorption to achieve 
ultrahigh-resolution photoacoustic microscopy. The theoretical point 
spread function for TAUM is functionally equivalent to confocal and 
two-photon fluorescence microscopy, potentially enabling cellular/
subcellular photoacoustic imaging. A prototype TAUM system was 
designed, built, and used to image a cross-section through several 
capillaries in the excised cheek pouch of a Syrian Hamster. The 
prototype system utilized a pulsed 10 kHz DPSS laser operating at 
532 nm with a 1.3 ns pulse length focused to a diffraction limited spot 
(0.344 µm, calculated) with a 0.8 NA water immersion objective. A 25 
MHz water immersion ultrasonic transducer served as the detector 
with a nominal axial resolution of 150 µm, however the axial resolution 
in TAUM is optically limited by the overlap of the pump and probe 
beams which provided a diffraction limited (calculated) axial resolution 
of 1.8 µm. The well-resolved capillaries in the TAUM image provided 
experimental evidence of the optical sectioning and spatial resolution, 
with smallest axial features of ~6 µm. These results suggest that TAUM 
has excellent potential for producing volumetric images with cellular/
subcellular resolution in three dimensions deep inside living tissue.
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8087-01, Session 1

Molecular histopathology by nonlinear 
interferometric vibrational imaging
S. A. Boppart, Univ. of Illinois at Urbana-Champaign (United 
States)

A rapid label-free approach for molecular histopathology is presented 
and reviewed. Broadband vibrational spectra are generated by 
nonlinear interferometric vibrational imaging (NIVI), a coherent 
anti-Stokes Raman scattering (CARS)-based technique that uses 
interferometry and signal processing approaches to acquire Raman-
like profiles with suppression of the non-resonant background. This 
allows for the generation of images that provide contrast based on 
quantitative chemical composition with high spatial and spectral 
resolution. Algorithms are demonstrated for reducing the diagnostic 
spectral information into color-coded composite images for the rapid 
identification of chemical constituents in skin, as well as differentiating 
normal from abnormal tissue in a pre-clinical tumor model for human 
breast cancer. This technology and methodology could result in an 
alternative method to the traditional histological staining and subjective 
interpretation procedure currently used in the diagnosis of disease, and 
has the potential for future in vivo molecular histopathology.

8087-02, Session 1

Evaluation of liver grafts by fluorescence 
spectroscopy
R. B. Correa, J. D. Vollet Filho, Univ. de São Paulo (Brazil); J. 
Ferreira, Univ. do Vale do Paraíba (Brazil); O. Castro-e-Silva, Jr., 
C. Kurachi, V. S. Bagnato, Univ. de São Paulo (Brazil)

To achieve success on liver transplantation, several factors must be 
considered and evaluated. A major concern is about the metabolic 
condition of the donor liver to be used. Ischemia and reperfusion 
damages associated to an already marginal organ may be a cause 
of post-transplantation liver malfunction. Potential donor organs 
are evaluated, to date, by careful history and physical examination, 
associated to conventional biochemical tests in the donor. However, 
problems that take place after the graft harvest are only evaluated by 
the clinical experience of the surgeon. The use of autofluorescence 
techniques have demonstrated that intrinsic properties of liver tissue 
are strongly correlated with the overall fluorescence spectrum. 
Therefore, the aim of this study is to show how fluorescence 
spectroscopy can improve our ability to assess tissue viability 
during organ transplantation (in this case, for liver tissue). This study 
included 30 patients, whose transplantation procedures where 
monitored using fluorescence spectroscopy (a homemade device 
including a spectrometer, notebook, Y-type optical fiber, laser at 532 
nm, and filters) in 5 different stages of the liver graft transplantation. 
Fluorescence spectra showed that the quality of perfusion, which is 
essential to the success of the procedure, can be monitored by the 
changes in fluorescence intensity during the procedure. Changes in 
fluorescence were related to biochemical alterations and to the degree 
of perfusion of the graft. Since the quality of perfusion is fundamental 
to the good preservation of tissues, to evaluate its degree is a useful 
tool to monitor organ viability. Such results motivate the development 
of a real-time, in situ noninvasive technique that allows observation 
of the metabolic activity, improving the surgeon’s ability of making 
more accurate decisions on whether using or not the graft on a given 
transplantation procedure.

8087-03, Session 1

Raman spectra classification with support 
vector machines and a correlation kernel
A. Kyriakides, Univ. of Cyprus (Cyprus); E. Kastanos, Univ. of 
Nicosia (Cyprus); K. Hadjigeorgiou, C. Pitris, Univ. of Cyprus 

(Cyprus)

The range of applications of Raman-based classification has expanded 
significantly, including applications in bacterial identification. The first 
stage in the classification of Raman spectra is commonly some form 
of preprocessing. This pre-processing greatly affects the accuracy 
of the results and introduces user bias and over-fitting effects. In 
this summary, we propose the use of Support Vector Machines with 
a novel correlation kernel. Results, obtained from the analysis of 
Raman spectra of bacteria, illustrate that the correlation kernel is 
“self-normalizing” and produces superior classification performance 
with minimal pre-processing, even on highly-noisy data obtained using 
inexpensive equipment. In addition, the performance does not degrade 
when applied to distinct test sets, a key feature of a clinically viable 
diagnostic application of Raman Spectroscopy.

8087-04, Session 1

The multifunctional application of 
microfluidic lab-on-a-chip surface-
enhanced Raman spectroscopy (LOC-SERS) 
within the field of bioanalytics
A. März, B. Mönch, A. Walter, T. Bocklitz, W. Schumacher, P. 
Rösch, M. Kiehntopf, Friedrich-Schiller-Univ. Jena (Germany); 
J. Popp, Institut für Photonische Technologien e.V. (Germany)

Reliable and sensitive detection methods for the analysis of molecules 
like e.g. drugs and pharmaceuticals are required in the field of 
bioanalytics. Raman spectroscopy is well suited for an application 
within this field as it is characterized by a high specificity. However, 
the weakness of the Raman effect becomes a major issue concerning 
sensitivity. Applying surface enhanced Raman spectroscopy (SERS) 
is one possibility to achieve the sensitivity needed for analysis in 
bioanalytics. The addition of nanostructured metal surfaces leads to 
an enhancement of the Raman signal and a more sensitive detection 
method which is even able to detect single molecules. However, 
concerning analysis in bioanalytics not just a sensitive detection 
method is requested. There is also the need of handling small 
samples and minimal sample volumes and in addition the detection 
of low analyte concentrations are requested in bioanalytics. The 
combination of surface enhanced Raman spectroscopy and a lab-
on-a-chip device seems to be a promising way to satisfy all demands 
by offering a sensitive detection method within a highly defined 
detection area specified by a chip system. Several research groups 
already successfully showed the application of LOC-SERS. It has been 
demonstrated, that quantification and online-monitoring of drugs and 
pharmaceuticals can be carried out utilizing this technique.

In this contribution we present a variety of applications of lab-on-a-
chip surface enhanced Raman Spectroscopy in the field of bioanalytic. 
Beside the quantification and online monitoring of drugs and 
pharmaceuticals, determination of enzyme activity and discrimination 
of bacteria utilizing LOC-SERS will be present here.
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8087-05, Session 2

Bacterial identification in real samples by 
means of micro-Raman spectroscopy
P. Rösch, S. Stöckel, S. Meisel, A. Bossecker, U. Münchberg, 
S. Kloss, W. Schumacher, J. Popp, Friedrich-Schiller-Univ. 
Jena (Germany)

Pathogen detection is essential without time delay especially for severe 
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diseases like sepsis. Here, the survival rate is dependent on a prompt 
antibiosis. For sepsis three hours after the onset of shock the survival 
rate of the patient drops below 60 %. Unfortunately, the results from 
standard diagnosis methods like PCR or microbiology can normally be 
received after 12 or 36 h, respectively. Therefore diagnosis methods 
which require less cultivation or even no cultivation at all have to be 
established for medical diagnosis. 

Here, Raman spectroscopy, as a vibrational spectroscopic method, is 
a very sensitive and selective approach and monitors the biochemical 
composition of the investigated sample. Applying micro-Raman 
spectroscopy allows for a spatial resolution below 1 µm and is 
therefore in the size range of bacteria. 

Raman spectra of bacteria depend on the physiological status. 
Therefore, the databases require the inclusion of the necessary 
environmental parameters such as temperature, pH, nutrition, etc. 
Such large databases therefore require a specialized chemometric 
approach, since the variation between different strains is small.

In this contribution we will demonstrate the capability of Raman 
spectroscopy to identify pathogens without cultivation even from real 
environmental or medical samples.
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8087-06, Session 2

Optical parametric oscillator-based 
real-time breath monitoring by off-axis 
integrated cavity output spectroscopy
D. D. Arslanov, S. M. Cristescu, F. J. M. Harren, Radboud Univ. 
Nijmegen (Netherlands)

Trace gases are distinctive indicators of biological processes occurring 
in plants, animals and humans. An excellent method for highly 
sensitive and selective detection of these volatile organic compounds 
is mid-infrared laser spectroscopy, where many molecules have 
strong distinctive absorption patterns. To capture the dynamics of 
the gas concentrations and detect multi-component gas samples, a 
fast-scanning continuous wave singly-resonant Optical Parametric 
Oscillator (OPO) pumped by a fiber-amplified diode laser has been 
used. The OPO has several advantages in comparison other sources 
of coherent radiation in the mid-IR region. Such as: continuous tuning 
coverage between 2.5 - 4 µm, narrow linewidth (100 MHz), mode-hop-
free wavelength coverage tuning range (up to 5 cm-1) at a speed of up 
to 100 THz/s and continuous wave output radiation power of 1.2 W. 
In combination Off Axis Integrated Cavity Output Spectroscopy these 
advantages are used to build a rapid and sensitive trace gas detector 
for gases such as ethane, methane, acetone at the sub-ppbv level 
concentrations at sub-second time scale. The fast response time of the 
system is able to show quantitatively methane, ethane (C2H6), water, 
CO2 and acetone (C3H6O) in single exhalations of human breath.

8087-07, Session 3

Fluorescence spectroscopy and 
cryoimaging of lung tissue mitochondrial 
redox state
R. Sepehr, Univ. of Wisconsin-Milwaukee (United States); S. 
Audi, Marquette Univ. (United States); K. Staniszewski, M. 
Ranji, Univ. of Wisconsin-Milwaukee (United States)

Introduction: Fluorescence spectroscopy and cryo-imaging of intrinsic 
fluorophores are powerful techniques for assessing tissue metabolic 
status. The objective was to investigate the utility of these optical 
techniques to probe the tissue redox status of the autofluoresent 
metabolic coenzymes NADH and FAD in intact rat lungs.

Objective: To investigate the effect of a respiratory chain inhibitor 

such as KCN (Potassium cyanide) and an uncoupler such as DNP 
(2-dinitrophenol) compound on mitochondrial redox signals ex vivo and 
in frozen tissue. 

Methods: Lungs were isolated from rats and then connected to a 
ventilation-perfusion system, Surface autofluorescent measurements 
of NADH and FAD were acquired under resting conditions and 
following lung perfusion with perfusate containing the mitochondrial 
uncoupler 2, 4-dinitrophenol (DNP, 0.8 mM) or DNP + potassium 
cyanide (complex IV inhibitor, 2 mM). At the end of the experiment, the 
lungs were removed and rapidly frozen for subsequent cryo-imaging. 
The NADH and FAD images of the frozen lungs were measured using 
low temperature fluorescence imaging (cryoimaging). For each lung, 
images were recorded from 1074 cryo sections in the axial direction. 
These stacks were analyzed for spatial tissue NADH and FAD 
intensities. The normalized ratio of these fluorophores, (NADH/(NADH + 
FAD), referred to as the redox ratio, was also determined.

Results: DNP decreased both surface NADH and redox ratio by 66%. 
This decrease was reversed by the addition of KCN. Cryoimages of 
lung treated with DNP and KCN show a shift towards oxidized and 
reduced respiration, respectively.

8087-08, Session 3

DNA sensing with optimized DVD substrates
B. Turker, Bilkent Univ. (Turkey); N. Guvener, Hacettepe Univ. 
(Turkey); H. Guner, S. Ayas, O. O. Ekiz, H. Acar, M. O. Guler, 
Bilkent Univ. (Turkey); E. Piskin, Hacettepe Univ. (Turkey); A. 
Dana, Bilkent Univ. (Turkey)

In this work we transform a Digital Versatile Disk (DVD) into a 
biomolecular affinity sensor for the label free detection of DNA 
interaction. Detection scheme is based on the excitation of surface 
plasmons via grating coupling. Optimized DVD substrates are utilized 
for the enhanced coupling of plasmons and a low-power 632.8 
nm laser diode is deployed for the excitation. Plasmon enhanced 
transmission is employed as a sensitive refractive index (RI) sensing 
mechanism and the slight RI changes resulting in a shift at the 
resonance peaks are detected by a solar cell sublayer in the form 
of transmitted light intensity. The sensing mechanism has a planar 
sandwich structure consisting out of three integrated functional layers. 
At the bottom there exists the solar cell layer to detect transmitted 
energy in terms of photocurrent. In between there is the optimized and 
processed DVD substrate to serve as a grating coupler. Upmost layer 
is an integrated fluidic chamber where the biomolecular interactions 
take place. Using this integrated sensing mechanism we demonstrate 
the label free detection of Mycobacterium tuberculosis (MTB) complex. 
The proposed sensing mechanism offers a straightforward, easy-to-
implement fabrication procedure with very promising sensitivity and 
sensor responses through integration of the grating coupled plasmon 
detection mechanism with the optical sensor. The detection scheme 
can find applications in integrated lab-on-chip designs where label free 
detection is desirable.

8087-09, Session 3

Non-invasive SFG spectroscopy: a tool to 
reveal the conformational change of grafted 
chains due to bacterial adhesion
E. Bulard, H. Dubost, W. Zheng, M. Fontaine-Aupart, Univ. 
Paris-Sud 11 (France); J. Herry, M. Bellon-Fontaine, R. 
Briandet, INRA-AgroParisTech (France); B. Bourguignon, Univ. 
Paris-Sud 11 (France)

The surface bacterial colonization is a problem for many fields 
as biomedical or food industry because it is the first step in the 
development of bacterial biofilm where bacteria are more resistant 
to antibiotics than planktonic bacteria. Therefore, the scientific 
community is mobilized to understand the mechanisms involved in the 
bioadhesive process in order to control it. Until now, experiments on 
chemical or bioactive function grafted polymers have not helped to 
understand the bacteria-polymer interface due to the lack of surface 
characterization.
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In this work, the substrate is well-defined and characterized: it consists 
of a Self-Assembled Monolayer (SAM) onto a gold surface. The SAM 
conformation is obtained by using the femtosecond vibrational Sum 
Frequency Generation (SFG) spectroscopy. Overlapping in time and in 
space, an infrared (at the molecular vibrational transitions wavelength) 
and a visible beam, this second order non linear spectroscopy allows 
to acquire the molecular spectral signature which can be related to the 
molecular conformation. This spectroscopy is a non destructive and 
highly sensitive technique to study biological systems and specific to 
interfaces. Here, the SAM is made of OctaDecaneThiol (ODT) exposed 
to air, aqueous environment, hydrophilic or hydrophobic Lactococcus 
lactis bacteria which are non pathogen models for Streptococcus 
agalactie bacteria. Modelling the experimental SFG spectra reveals 
a measurable change of the SAM conformation depending on the 
hydrophobic-hydrophilic character of the environment. These results 
show that bacteria are able to modify their molecular support. This 
should be taken into account for the design of new materials.

8087-10, Session 3

Design and process development of a 
photonic crystal polymer biosensor for 
point-of-care diagnostic
H. Egger, Bayer Technology Services GmbH (Germany); K. 
Kolari, T. Haatainen, VTT Technical Research Ctr. of Finland 
(Finland); P. Furjes, Research Institute for Technical Physics 
and Materials Science (Hungary); D. Bernier, Multitel A.S.B.L. 
(Belgium); B. Lahiri, Univ. of Glasgow (United Kingdom); F. 
Dortu, Multitel A.S.B.L. (Belgium); S. Kurunczi, Research 
Institute for Technical Physics and Materials Science (Hungary); 
J. Sanchez, N. Turck, Univ. of Geneva (Switzerland); R. 
Horvath, Research Institute for Technical Physics and Materials 
Science (Hungary); S. Eiden, Bayer Technology Services GmbH 
(Germany); T. Aalto, VTT Technical Research Ctr. of Finland 
(Finland); S. Watts, Stratophase Ltd. (United Kingdom); P. 
Petrik, Research Institute for Technical Physics and Materials 
Science (Hungary); N. P. Johnson, R. M. De La Rue, Univ. of 
Glasgow (United Kingdom); D. Giannone, Multitel A.S.B.L. 
(Belgium)

Label-free Immunoassay detection devices are needed as diagnostic 
tools in emergency medicine, whether required in an ambulance, 
emergency room or as part of a rapid near-patient laboratory test in a 
hospital environment. The ability to perform complex highly accurate 
biomolecular tests without the need to send patient samples to a 
central laboratory is highly desirable, allowing diagnosis to be rapidly 
achieved and to correctly identify the treatment program for the 
specific patient and their condition.

In this work, we report the advances in the fabrication and anticipated 
performance of a polymer biosensor photonic chip developed in 
the seventh framework program FP7-ICT4-P3SENS. Due to the 
low cost requirements of Point of Care applications, the photonic 
chip is fabricated from nano-composite polymeric materials, using 
highly scalable nano-imprint-lithography (NIL). A suitable microfluidic 
structure transporting the analyte solutions to the sensor area is also 
fabricated in polymer and adequately bonded to the photonic chip.

We first discuss the design and the simulated performance of a high-Q 
resonant cavity photonic crystal sensor made of a high refractive 
index polyimide core waveguide on a low index polymer cladding. This 
design is the starting point providing the specifications for the material 
processing. We then report the advances in doped and undoped 
polymer thin film processing and characterization for fabricating the 
photonic sensor chip . We finally discuss the development of the 
micro fluidic chip and the immunoessay, where stable and strong 
adhesion strategies for bonding the fluidic and the photonic chips are 
presented, with regards to the constraints imposed by the bioreceptors 
supposedly already present on the sensors.

8087-11, Session 3

Effect of magnetic field in malaria diagnosis 
using magnetic nanoparticles
Q. Liu, C. Yuen, Nanyang Technological Univ. (Singapore)

The current gold standard method of Malaria diagnosis relies on 
the blood smears examination. The method is labor-intensive, time 
consuming and requires the expertise for data interpretation. In 
contrast, Raman scattering from a metabolic byproduct of the malaria 
parasite (Hemozoin) shows the possibility of rapid and objective 
diagnosis of malaria. However, hemozoin concentration is usually 
extremely low especially at the early stage of malaria infection, 
rendering weak Raman signal. 

In this work, we propose the sensitive detection of enriched β-hematin, 
whose spectroscopic properties are equivalent to hemozoin, based 
on surface enhanced Raman spectroscopy (SERS) by using magnetic 
nanoparticles. A few orders of magnitude enhancement in the Raman 
signal of β-hematin can be achieved using magnetic nanoparticles. 
Furthermore, the effect of magnetic field on the concentration of 
β-hematin and resulting SERS signals in a fluidic phantom that mimics 
malaria infected blood will be investigated. Our result demonstrates 
the potential of SERS using magnetic nanoparticles in the effective 
detection of hemozoin for malaria diagnosis.

8087-60, Poster Session

Monitoring of head and neck tumor 
physiology in response to hyperoxia using a 
side-firing fiber optic probe
B. Yu, Duke Univ. (United States); G. M. Palmer, Duke Univ. 
School of Medicine (United States); B. Wang, A. Shah, K. 
Vishwanath, N. Ramanujam, Duke Univ. (United States)

Quantitatively measuring neck node physiology using noninvasive 
optical spectroscopy has great potential for head and neck cancer 
diagnosis and evaluation of treatment efficacy. A multi-wavelength 
frequency-domain photon migration instrument with a side-firing fiber 
optic probe was used to quantify tumor oxygenation and hemoglobin 
concentration in a number of athymic nude rats bearing human head 
and neck (FaDu) tumors at baseline, during carbogen breathing 
(95% O2, 5% CO2) and recovery. A clear tread of increased tumor 
oxygenation was observed upon carbogen breathing in all animals, 
while total hemoglobin concentration did not show any trend of 
change. The tumor oxygenation returned to close to or even below the 
baseline in 15 to 20 minutes after the carbogen supply was cut. The 
study demonstrated the feasibility of longitudinally monitoring tumor 
physiology in preclinical model with the side-firing fiber optic probe.

8087-61, Poster Session

A UV-Vis-NIR Fourier transform 
hyperspectral imaging platform for high-
throughput multiplex biomolecular assay 
applications
J. Li, R. K. Y. Chan, Hong Kong Baptist Univ. (Hong Kong, 
China)

Suspension array based on optically color-encoded microbeads 
is a novel way to increase the reaction speed and multiplexing of 
molecular assays for detecting and quantifying biomolecular analytes. 
Nonetheless, there is also a need to reduce the total measurement 
time of such assays for high-throughput screening. Therefore, a 
hyperspectral imaging system (HSI) is of great interest for quickly 
decoding these encoded microcarriers. Among the HSI methods, 
imaging Fourier transform spectrometer (IFTS) stands out as a good 
candidate for this task due to its signal collection advantage and 
Connes advantage. However, conventional IFTS is only popular in 
IR spectral bands because it is easier to track its scanning mirror 
position in longer wavelengths so that the fundamental Nyquist 
criterion can be satisfied when sampling the interferograms; the 
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sampling mechanism for shorter wavelengths IFTS used to be very 
sophisticated, high-cost and bulky. In order to overcome this handicap 
and take better usage of its advantages for HSI applications such as 
high-throughput multiplexed detection, we propose a new UV-Vis-NIR 
IFTS platform based on an optical beam-folding position-tracking 
technique. This relatively simple technique has successfully extended 
the spectral range of an IFTS to cover 350-1000nm. Test results prove 
that the system has achieved good spectral and spatial resolving 
performances with flexible instrumental configuration. Accurate and 
fast measurement results on novel reflection-encoded colloidal crystal 
microbeads also demonstrate that the proposed HSI platform has 
practical potential for high-throughput and multiplexed suspension 
array-based molecular assays.

8087-62, Poster Session

Automatic cytometric device using multiple 
wavelength excitations
N. Rongeat, S. Ledroit, D. Cremien, A. Urankar, L. Chauvet, 
HORIBA ABX (France); V. Couderc, Univ. de Limoges (France); 
P. Nerin, HORIBA ABX (France)

In the first place, we demonstrated the advantages in combining 
techniques of hematology analysis and flow cytometry in the same 
apparatus. Optical detection is composed of several detectors 
recording the light coming from axial and orthogonal scattering, from 
Thiazole Orange (TO) fluorescence and from phycoerythrin 5 (PC5) 
fluorescence. In our combined analyzer, TO identifies the amount of 
nucleic acids. PC5, conjugated to antibodies directed against CD20 or 
directed against CRTH2, characterizes specifically and respectively B 
lymphocytes and both eosinophils and basophils. Experiments were 
realized with an analyzer including a single excitation wavelength. 
Results showing separation of labeled cells with strong antigenic 
expression were obtained. In the second place, improvement of the 
signal to noise ratio is obtained by adding a second laser excitation 
at 561 nm centered on the second peak absorption of phycoerythrin 
cyanine 5 (PC5). The use of this second radiation enables to 
obtain better results for labeled populations having weak antigenic 
expression. We correctly gated eosinophils and basophils among non-
labeled leukocytes; which was not possible with a single excitation 
wavelength. In the third place, we compared results with those 
obtained with a standard flow cytometer (FACScan) used as reference; 
which permitted to validate our new combined analyzer.

8087-63, Poster Session

Testing of possibilities for establishing of 
nanodiamond-aptamer-conjugates
A. Pohl, J. Michael, J. Schreiber, Fraunhofer-Institut für 
Zerstörungsfreie Prüfverfahren (Germany); E. Boschke, P. 
Weber, Technische Univ. Dresden (Germany); V. A. Lapina, B.I. 
Stepanov Institute of Physics (Belarus); J. L. Opitz, Fraunhofer-
Institut für Zerstörungsfreie Prüfverfahren (Germany)

We modified nanodiamonds (ND) produced by detonation synthesis 
to apply them as central components in an optical biosensor. The ND-
particles function as transducers, while the immobilized biomolecules 
act as ligands (receptors). In our study we use aptamers as 
biomolecules. These synthetically produced oligonucleotides (ssDNA) 
are able to fold into versatile three-dimensional structures, and can 
recognize and bind a broad variety of targets. 

We employ a two-step biofunctionalization of ND: upon chemical 
modification, resulting in homogeneous and defined surface coating, 
the biomolecules are bound. 

Numerous options of chemical surface modification of ND are 
being tested to find the most appropriate for binding aptamers and 
the formation of stable conjugates. Therefore, several methods for 
modification with subsequent aptamer coupling have been applied. To 
enable the coupling process, both NDs and aptamers are chemically 
modified with functional groups (e. g. -COOH, -OH, -NH2). As an 
alternative we use the combination of streptavidin/ biotin to strongly 
attach target molecules.

Different analysis methods such as FTIR spectroscopy, HRTEM, AFM, 
fluorescence microscopy and gel electrophoresis are applied for 
characterizing the modified ND-particles and bioconjugates, controlling 
the coupling step, and testing the biological activity of the bound 
aptamer after conjugation.

8087-64, Poster Session

Microfluidic-CARS: a model system for 
studying isolated biological systems
G. Bergner, Institut für Photonische Technologien e.V. 
(Germany); B. Dietzek, Friedrich-Schiller-Univ. Jena (Germany); 
T. Henkel, H. Bartelt, Institut für Photonische Technologien e.V. 
(Germany); S. Schlücker, Univ. Osnabrück (Germany); J. Popp, 
Institut für Photonische Technologien e.V. (Germany)

The combination of linear as well as nonlinear Raman 
microspectroscopy has been established as a powerful tool for 
potential biomedical diagnostics. In this contribution we discuss our 
recent approaches towards CARS based quantification of analytes. 
CARS, i.e. coherent anti-Stokes Raman scattering, presents a 
nonlinear variant of Raman microspectroscopy, in which the signal 
strength depends on the square of the molecular concentration and 
on the interplay between a molecular-specific vibrational signal and 
a nonresonant contribution, which is roughly constant in condensed-
phase samples. Due to these complications the quantification of 
analytes presents a major challange in CARS microscopy.

Here we discuss two recently developed approaches, i.e. on the one 
hand a simplified setup for coherent anti-Stokes Raman scattering 
(CARS) microscopy which allows for recording CARS images with 30 
cm-1 excitation bandwidth for probing Raman bands between 500 and 
900 cm-1 with minimal requirements for alignment. This experimental 
arrangement is based on electronic switching between CARS images 
recorded at different Raman resonances by combining a photonic 
crystal fiber (PCF) as broad-band light source and an acoustooptical 
programmable dispersive filter (AOPDF) as tunable wavelength filter. 

On the other hand, we discuss how the introduction of carbon-
deuterium (C-D) bonds into drug compounds constitutes a non-
invasive labelling approach that allows for higher intrinsic CARS 
contrast to be obtained. The quantitative detection of C-deuterated 
drugs by Raman microspectroscopy and CARS microscopy is 
examined. Concentration-dependent studies on drugs with aliphatic 
and aromatic C-D moieties were performed in a two-channel 
microfluidic chip, using the corresponding non-deuterated (C-H) 
isotopomers as an internal reference. 

Financial support from the German Research Foundation (DFG; SFB 
630/TP C1: G.B. and S.S.; Heisenberg Fellowship for S.S.), the Fonds 
der Chemischen Industrie (B.D. and J.P.), the Europäischer Fonds für 
regionale Entwicklung (EFRE), and the Thüringer Kultusministerium 
(TKM, B578-06001) is acknowledged.

8087-65, Poster Session

Sepsis analysis with the channel array 
interrogation (CAI) instrument
F. Baldini, A. Giannetti, C. Trono, Istituto di Fisica Applicata 
Nello Carrara (Italy); L. Bolzoni, G. Porro, Datamed S.r.L. (Italy)

In the last years, there has been a strong request of the physicians 
for point of care (POC) instrumention, i.e. devices capable to measure 
chemical and biochemical parameters in reasonably short time, to be 
located close to the patient’s bed. 

The present paper deals with the characterisation of a POC device 
developed for multiparameter analysis. In particular, the portable 
device was optimized for the CRP and the PCT, the main biomarkers 
for sepsis. The device, a channel array interrogation (CAI) system, 
includes the electronic boards, the fluidic module, the biochip/flow-
cell and the software to control and drive the entire instrument. The 
heart of the platform is a polymethylmethacrylate (PMMA) chip for the 
simultaneous monitoring of the analytes of interest. The chip, produced 
by injection moulding, is constituted by 13 microchannels through 
which the sample flows. The cross-section of each microchannel 
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is 600 µm wide and 50 µm high. The sensing layer where the 
immunochemical reaction takes place is located on the upper part of 
each microchannel. A laser line collinear to the microchannel, excites 
the sensing layer and a large fraction of the fluorescence emitted by 
the sensing layer is guided along the thickness of the PMMA cover 
up to its end-face, is collected by a plastic optical fibre and sent to a 
photodetector. The laser source emitting at 635 nm and the fibre are 
mounted on a linear translator stage, which is controlled via software 
for scanning the channels of the chip. The used photodetector is a Si 
photodiode with custom designed preamplifier developed for low-
light-level detection. A syringe pump and a microfluidic manifold, on 
which the chip is mounted, drive the sample under test through the 
different microchannels. Sandwich assays for CRP and PCT spiked in 
serum were performed and the calibration curves for both assays were 
achieved.

8087-66, Poster Session

Spectroscopic-tomography of biological 
membrane with high-spatial resolution by 
the imaging-type 2D Fourier spectroscopy
A. Inui, I. Ishimaru, Kagawa Univ. (Japan)

We propose an imaging-type Fourier spectroscopic technology 
that enables two-dimensional spectroscopic images to be obtained 
within the focusing plane alone. This technology incorporates auto-
correlational phase-shift interferometry that uses only object light 
generated by the bright points that optically make up the object.

We are currently involved in studies of non-invasive technologies 
used to measure blood components such as glucose and lipids, 
which are measured for use in daily living. Previous studies have 
investigated non-invasive technologies that measure blood glucose 
levels by utilizing near-infrared light that permeates the skin well. It 
has been confirmed that subtle changes in the concentration of a 
glucose solution, a sample used to measure the glucose level, can be 
measured by analyzing the spectroscopic characteristics of near-
infrared light; however, when applied to a biomembrane, technology 
such as this is incapable of precisely measuring the glucose level 
because light diffusion within the skin disturbs the measurement. Our 
proposed technology enables two-dimensional spectroscopy to a 
limited depth below the skin covered by the measurement. Specifically, 
our technology concentrates only on the vascular territory near the 
skin surface, which is only minimally affected by light diffusion, as 
discussed previously.

In this paper we propose an imaging-type Fourier spectroscopy 
method that is used as the measuring technology in producing a three-
dimensional spectroscopic image.

8087-67, Poster Session

VIS and NIR spectroscopy for the separation 
of haemoglobin changes of skin and calf 
muscle induced by a nonivamide/nicoboxil 
cream
J. Warnecke, RheinAhrCampus Remagen (Germany); T. 
Wendt, Deutsche Sporthochschule Köln (Germany); M. Schak, 
RheinAhrCampus Remagen (Germany); T. Schiffer, W. Bloch, 
Deutsche Sporthochschule Köln (Germany); M. Kohl-Bareis, 
RheinAhrCampus Remagen (Germany)

Spectroscopy in the VIS and NIR was exploited to evaluate the 
effect on haemoglobin concentration and oxygenation of the topical 
agents nonivamide / nicoboxil. These agents are widely used for the 
treatment of minor muscular injury, however, no hyperemisation effect 
has been shown for skeletal muscle so far. This study determines the 
effects of a these cream on haemodynamics on 9 subjects via optical 
spectroscopy with a discrimination of changes for skin and muscle. 
Skin oxygenation is measured in the range 500 - 650 nm for source-
detector distances of 1 - 3 mm, while deeper tissue layers are probed 
for distances between 25 and 30 mm and wavelengths of 700 - 850 
nm. Data were analysed according to modified Lambert-Beer and 
spatial resolved spectroscopy. We show that there is an increase in 

skin oxygenation and skin haemoglobin concentration which lasts 
longer than 90 min. The main new finding is the quantification of 
muscle oxygenation, where there is a statistical significant increase 
both oxygenated haemoglobin, however with a slower kinetics as for 
skin. This finding helps to explain the beneficial outcome of treatment 
of minor injuries with nonivamide / nicoboxil creams.

8087-68, Poster Session

Design of a tissue oxygenation monitor and 
verification on human skin
H. Liu, Moor Instruments, Ltd. (United Kingdom); M. Kohl-
Bareis, RheinAhrCampus Remagen (Germany); X. Huang, Moor 
Instruments, Ltd. (United Kingdom)

We report the design of a tissue oxygen and temperature monitor. 
The non-invasive, fibre based moorVMS-OXY monitors tissue 
haemoglobin (Hb) and oxygen saturation (SO2) and is based on 
white-light reflectance spectroscopy. The spectroscopic algorithm 
takes into account the tissue scattering and melanin absorption 
for the calculation of Hb and SO2 using visible light. We found 
experimentally that the influence of the source-detector separation on 
the Hb parameters is small. This finding is discussed by Monte Carlo 
simulations for the depth sensitivity profile. The influence of probe 
pressure and the skin pigmentation on the measurement parameters 
are also assessed experimentally. The combination with laser-Doppler 
technique demonstrates the importance of a measurement of both 
the Hb and the blood flow parameters for a full description of tissue 
perfusion. This is discussed in experimental data on human skin during 
cuff occlusion and after hyperemisation by a pharmacological cream.

8087-69, Poster Session

Novel assay for direct fluorescent imaging 
of sialidase activity
A. Tomin, T. Shkandina, R. O. Bilyy, Institute of Cell Biology 
(Ukraine)

In our previous research, the study of neuraminidase and 
galactosidade activity of the apoptotic cells was one of the tasks, 
because the phenomena of redistribution of glycans and decrease of 
terminal N-acetylneuraminic acid (sialic acid) residues was shown for 
the cells undergoing apoptosis. 

We used fluorometric assay for sialidase activity estimation, where 
the substrate - 2’-(4-Methylumbelliferyl)-alpha-D-N-Acetylneuraminic 
acid - was enzymatically digested to fluorescent product with exitation 
wavelength at 360 nm and emission peak at 430nm. Since the 
fluorescent substance, produced in this reaction, - 4-Methylumbellirefol 
(4MU) - fits the requirements for fluorescent imaging, the technique 
of enzymatic activity detection and estimation was developed, and 
used for localization of neuraminidase activity in the eukaryotic cells. 
By using this technique, we revealed cell membrane localization 
of enzyme, responsible for apoptotic desialylation of membrane 
glycans, and proved by using the other methods, that it is membrane-
associated enzyme, Neu1. This very approach was used in another 
research, to show that only one type of apoptotic blebs - plasma 
membrane-derived - possessed neuraminidase activity. 

Also, the described method may be used for analysis of any other exo-
glycosidase activity, when the proper 4MU derivate would be used.

8087-70, Poster Session

Spectral discrimination of serum from liver 
cancer and liver cirrhosis using Raman 
spectroscopy
T. Yang, Q. Yang, X. Li, Shenyang Ligong Univ. (China)

We present here the feasibility for Raman spectroscopy of human 
serum for the diagnosis of liver cancer and liver cirrhosis. Serum 
samples were taken from 31 healthy people, 27 liver cancer patients 
and 23 liver cirrhosis patients. The multivariate statistical methods 
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of principal component analysis (PCA) were used to extract the main 
components of the first order derivertive of the original spectra, then 
both linear discriminant analysis (LDA) and artificial neural network 
(ANN) were applied on the principal components (PCs). The PCA-
LDA classifier gave a 85.19 accuracy and 90.32 % specificity for 
discrimination among the liver cancer patients, liver cirrhosis patients 
and normal people. While that for PCA-ANN were 80.25 % and 70.97 
%. In conclusion, our research has demonstrated the effectiveness 
of modern analyzing methods and the feasibility of using Raman 
spectroscopy in liver cancer and liver cirrosis diagnosis.

8087-71, Poster Session

Analysis of serum LIF-Raman spectroscopy 
for the diagnosis of liver cancer and liver 
cirrhosis
T. Yang, X. Li, Shenyang Ligong Univ. (China)

In this paper, laser-induced fluorescence (LIF) and Raman spectra of 
human serum were measured simultaneously using our fluorescence-
Raman spectroscopy system, then the spectra was analyzed the 
multivariate statistical methods of principle component analysis (PCA). 
Then linear discriminant analysis (LDA) was utilized to differentiate the 
loading score plot of different diseases as the diagnosing algorithm. 
Artificial neural network (ANN) was used for cross-validation. The 
diagnosis sensitivity and specificity by PCA-LDA are 88.00 % and 
79.14 %, while that of the PCA-ANN are 89.29% and 94.74 %. It is can 
be seen that modern analyzing method is a useful tool for the analysis 
of serum spectra for diagnosing diseases.

8087-72, Poster Session

Spectral analysis of saliva from lung 
cancer using surface-enhanced Raman 
spectroscopy (SERS)
X. Li, T. Yang, Shenyang Ligong Univ. (China)

In this study, surface enhanced Raman spectroscopy (SERS) of 
whole saliva were used to detect the differences between lung cancer 
patients (n=21) and the healthy controls (n=22). The Raman peaks we 
got were assigned to proteins and nucleic acids in accordence with 
previous literature. The decrease of the relative intensity of some peaks 
of lung cancer than normal people indicate a decrease of the content 
of proteins and nucleic acids in saliva. Principal component analysis 
(PCA) and linear discriminant analysis (LDA) were used on the spectra. 
We got an accuracy of 86.05%,a sensitivity of 94.12% and a specificity 
of 80.77% for the diagnosis of lung cancer. Using SERS of saliva may 
be a promising technique for the diagnosis of lung cancer, even other 
diseases.

8087-74, Poster Session

Wearable reflection oximetry using a green 
LED exploiting passive spectral tuning
P. Zakharov, M. S. Talary, A. Caduff, Solianis Monitoring AG 
(Switzerland)

In this paper we demonstrate the concept of a skin oximeter which 
exploits the phenomenon of the temperature induced wavelength shift 
in an LED during stabilisation to obtain a spectrally resolved reflection 
from the skin. By measuring the attenuation of light emitted by a green 
LED (ca. 568 nm) at two time points after actuation, we are able to 
discriminate the oxygenated and reduced forms of the haemoglobin 
content within the measured tissue.

We have simultaneously measured skin haemodynamics with 
the wearable LED-based system and compared the results with 
conventional broadband spectroscopy as a reference. A model has 
been developed to estimate tissue oxygenation using the initial and 
tuned green attenuations in combination with an infrared (798 nm) LED 
and compared the results of the reference spectroscopy with a control 
model developed for the combination of non-tuning green, red (660 

nm) and infrared attenuations.

It has been shown that while the tunable model is slightly less accurate 
in describing the total haemoglobin content in the skin (R2=0.862 vs. 
R2=0.917 for the tunable and control model respectively), it is more 
accurate in the estimation of the oxygenated haemoglobin (R2=0.699 
vs. R2=0.455) and oxygenation ratio (R2=0.596 vs. R2=0.393).

8087-75, Poster Session

Real-time multispectral processing of 
biological objects images
B. S. Gurevich, Scientific Instruments Co. (Russian 
Federation); V. V. Shapovalov, S. V. Andreyev, Saint Petersburg 
Electrotechnical Univ. (Russian Federation); A. V. Belyaev, 
Scientific Instruments Co. (Russian Federation); I. A. Kolesov, 
V. N. Chelak, Saint Petersburg Electrotechnical Univ. (Russian 
Federation)

The spectral information, besides the spatial one, is very important 
in biology and medicine, as well as in many other areas. However 
the simultaneous analysis of the spatial and spectral information 
components is connected with certain difficulties which are caused 
primarily by the deficiencies of the devices which provide the spectral 
analysis (by light wavelengths) of images containing high spatial 
frequencies.

We propose the method of biological objects images multispectral 
processing with rather high productivity. The device which provides 
this method performance includes a newly elaborated polychromic 
light source with real time controlled spectral composition for rough 
switching of the narrow spectral ranges, and acousto-optic tunable 
filter (AOTF) with wide angular aperture - for fine tuning of the selected 
sub-images wavelengths.

The method and device practical configuration are considered and 
discussed. Also some features of AOTF required in the presented 
devices are analyzed. The possible information exchange between 
spectral and spatial information is also the subject of consideration as 
well the limitations of spectral and spatial resolving power.

The experimental results connected with real time multispectral 
processing of tomographic images are presented and discussed. Also 
the possibilities of the method application for biology, medicine, and 
environment protection are considered.

8087-76, Poster Session

The influence of 3d3 type transition metals 
on light scattering properties of sulfur cycle 
bacteria Desulfuromonas acetoxidans
O. I. Bilyi, O. M. Vasyliv, S. O. Hnatush, V. B. Getman, Ivan 
Franko National Univ. of L’viv (Ukraine); G. I. Kotsyumbas, 
State Scientific-Research Control Institute of Veterinary 
Preparations and Fodder Additives (Ukraine)

Spectroscopic characteristics of bacterial cells depend on their 
sizes, refractive indexes of their components and surrounding 
environment. Interaction between bacterial cells and 3d3 type 
transition metals causes their optical characteristics’ changes. The 
results of investigations of light scattering properties of bacterial cells 
Desulfuromonas acetoxidans under the influence of 3d3 type transition 
metals is described. Desulfuromonas acetoxidans are gram-negative 
obligatory anaerobes, that have an ability to reduce S0 to Н2S. 
Sulfurbacteria have a great effect on biogeochemistry of the aquatic 
environments because of its ability to reduce and precipitate of toxic 
metals compounds. Using strains of these bacteria, which have a high 
heavy metals’ resistance, allow to neutralize the toxicity of hydrogen 
sulfide, which is the final product of dissimilation sulfurreduction, and 
heavy metals as the result of their particular binding and forming the 
unsoluble precipitations The changes of their size distributing in the 
process of cultivation and kinetic of growth activity was investigated. 
A method includes sounding of flow suspended bacterial cells by 
monochromatic coherent light, registration of signals of co-operation 
of sounding radiation with the explored microbiological objects 
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by detects amplitudes and durations of scattered light impulses. 
Distribution of particles by sizes is determined from the measured 
functional dependence of number of registered particles from 
amplitude and duration of the proper electric impulses on the output 
photoreceiver. The light scattering properties of bacteria cells were 
measured by determination of the size distributing in the interval 
of particle sizes 0,2-2,0 mkm. Concentration changes and relative 
content of the cells D. acetoxidans in the set intervals of sizes under 
the influence of 3d3 type transition metals have been observed. 
Correlation between changes of light-scattering properties and growth 
of bacterial cells Desulfuromonas acetoxidans under these conditions 
has been shown

8087-77, Poster Session

Image analysis of free diffusing 
nanoparticles in vitro
T. Wagner, S. O. Lüttmann, D. Swarat, Fachhochschule 
Dortmund (Germany); M. Wiemann, IBE GmbH (Germany); H. 
Lipinski, Fachhochschule Dortmund (Germany)

Based on the laser technology it is possible to visualize nanoparticles 
(NP) as light scattering objects by means of a conventional light 
microscope. NPs typically illuminated by a red or green laser beam 
scatter the light according to Huygens principle and thus become 
visible under the microscope. While particles are subject to Brownian 
motion their two dimensional projection onto the camera target shows 
them to be differently fast, differently bright, and differently shaped. 
Image series of visualized nanoparticles were used to calculate 
characteristic parameters. The dynamic behavior is described by the 
diffusion coeffcient of every visible particle and the fractal dimension 
of its track. The diffusion coefficient is calculated by evaluating the 
mean squared displacement of the track. Moreover the diffusion has 
been simulated by means of the monate-carlo-method in two and 
three dimensions. By use of the diffusion coefficient and exploiting the 
Stokes-Einstein-relation it is possible to calculate the particle diameter. 
The fractal dimension was estimated by the box-counting method 
method. 

Single images were furthermore used to analyse particle shape in more 
detail using image analysis methods. The visible geometric form of the 
NP is characterized by its circularity and bilateral symmetry parameter. 
Combining this information appears helpful to characterize particles 
sizes and forms in vitro. The selected particles had well known sizes 
and, in a way, typical values provided by the manufacturer which 
eased their characterisation. Nevertheless, the comparison of the 
mean diameter (measured and simulated) to the manufactors details 
confirmed that NPs within the sample indeed had the correct size.

8087-78, Poster Session

Detection and discrimination of normal 
and colorectal cancer serum using Raman 
spectroscopy
X. Li, T. Yang, Shenyang Ligong Univ. (China)

The serum of normal people, colon cancer patients and rectum 
cancer patients were investigated using Raman spectroscopy to find 
the diagnosis potential by the variation. Blood serum was collected 
from 46 colon cancer patients, 44 rectum cancer patients and 30 
normal people. The spectroscopy features of both the Raman peaks 
and the fluorescence background (the intensity and width of the 
Raman peaks and the fluorescence background function coefficients) 
were used as the selected parameters for further analysis. Principal 
component regression (PCR) and partial least square regression 
(PLSR) were used both on the original spectral data and the selected 
11 parameters of the LIF-Raman spectroscopy. The scatter plot of the 
principal components showed the discriminant results manipulated 
on the selected parameters works better than on the original one. 
And PCR performs more effectively than PLSR in the components 
extraction in our data. Then, linear discriminant analysis (LDA) was 
used to differentiating different groups. The PCR-LDA on the selected 
parameters resulted in a sensitivity of 86.36% for rectum cancer,and 
82.61% for colon caner. Our statistical evaluation suggested that 

LIF-Raman spectroscopy of human serum may be a useful tool for the 
diagnosis of colorectal cancer.

8087-79, Poster Session

Feature extraction of serum LIF-Raman 
spectroscopy for the diagnosis of colorectal 
cancer
X. Li, Sr., Shenyang Ligong Univ. (China); T. Yang, Shenyang 
Univ. of Technology (China)

The serum of normal people, colon cancer patients and rectum 
cancer patients were investigated using laser induced fluorescence 
(LIF) and Raman spectroscopy to find the diagnosis potential by the 
variation. The spectroscopy features of both the Raman peaks and the 
fluorescence background were used as the selected parameters for 
further analysis. Principal component regression (PCR) and partial least 
square regression (PLSR) were used on the LIF-Raman spectroscopy. 
PCR performs more effectively than PLSR in the components 
extraction in our data. Then, linear discriminant analysis (LDA) was 
used to differentiating different groups. The PCR-LDA resulted in a 
sensitivity of 80.85 % and a specificity of 86.36 % for rectum cancer, 
for colon cancer are 97.44 % and 82.61 %. Our statistical evaluation 
suggested that LIF-Raman spectroscopy of human serum may be a 
useful tool for the diagnosis of colorectal cancer.

8087-80, Poster Session

Validation of a 2D multispectral camera: 
application to dermatology/cosmetology on 
a population covering five skin phototypes
R. Jolivot, Univ. de Bourgogne (France); H. Nugroho, Univ. 
Teknologi Petronas (Malaysia); P. Vabres, Univ. de Bourgogne 
(France); M. H. Ahmad Fadzil, Univ. Teknologi Petronas 
(Malaysia); F. Marzani, Univ. de Bourgogne (France)

This paper presents the validation of a new multispectral camera 
specifically developed for dermatological application based on 
healthy participants from five different Skin PhotoTypes (SPT). 
The multispectral system provides images of the skin reflectance 
at different spectral bands, coupled with a neural network-based 
algorithm that reconstructs a hyperspectral cube of cutaneous 
data from a multispectral image. The flexibility of neural network 
based algorithm allows reconstruction at different wave ranges.
The hyperspectral cube provides both high spectral and spatial 
information. The study population involves 150 healthy participants. 
The participants are classified about their skin phototype according 
the Fitzpatrick Scale and population covers five of the six types. The 
acquisition of a patient is performed on three body locations, two skin 
areas exposed to the sun (hand, face) and one area non exposed to 
the sun (lower back) and each is reconstructed at 3 different wave 
ranges. The validation is performed by comparing data acquired from 
a commercial spectrophotometer with the reconstructed spectrum 
obtained from averaging the hyperspectral cube. The comparison 
was calculated between 430 to 740 nm due to the limit of the 
spectrophotometer used. The results reveal that the multispectral 
camera is able to reconstruct hyperspectral cube with a goodness 
of fit coefficient superior to 0,997 for the average of all SPT for each 
location. The study reveals that the multispectral camera provides 
accurate reconstruction of hyperspectral cube which can be used for 
analysis of skin reflectance spectrum.

8087-81, Poster Session

Using MAP to recover the optical properties 
of a biological tissue from reflectance 
measurements
A. Zidouk, I. B. Styles, The Univ. of Birmingham (United 
Kingdom)
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There exist numerous methods that aim to extract the optical 
parameters of a tissue by relating reflectance measurements to a 
theoretical model of light transport. During the parameter recovery 
process, assumptions are often made about the characteristics of the 
tissue. However, Incorrect assumptions lead to inaccurate or even 
erroneous results. We present a method based on the maximum a 
posteriori estimation technique to recover the concentrations of the 
main chromophores present in a biological tissue from reflectance 
measurements. The method provides correct results even in the 
presence of significant uncertainty in the underlying specification of 
the tissue. A preliminary analysis of the results obtained from simulated 
skin data suggests that the proposed MAP based method is a good 
parameter recovery technique that provides accurate estimates and is 
robust against a high level of uncertainty in the tissue’s model.

8087-82, Poster Session

RGB mapping of hemoglobin distribution in 
skin
D. Jakovels, J. Spigulis, L. Rogule, Univ. of Latvia (Latvia)

An experimental RGB imaging system based on commercial color 
camera was constructed, and its potential for mapping of hemoglobin 
distribution in skin was studied. Two types of LEDs (RGB and white 
“warm” LEDs) were compared as illuminators for acquiring images 
of vascular and pigmented skin malformations. A novel approach for 
studies of skin capillary refill by RGB analysis has been proposed and 
discussed.

RGB sensor can be used for simple multi-spectral imaging for 
mapping hemoglobin changes; spectral content of illumination plays 
significant role there. The best blood contrast can be achieved at 
hemoglobin distribution maps with the white LED illumination, and it 
can be useful also for monitoring of hemoglobin temporal changes. 
Melanin-corrected hemoglobin maps at RGB LED illumination filter 
out pigmented malformations, therefore could be applied to separate 
the vascular and pigmented malformations of skin. Simplicity, 
compactness and fast processing of parametric maps are the main 
advantages of the proposed design.

8087-83, Poster Session

Evaluation of a novel fiber optical probe for 
spatially and spectrally resolved reflectance 
(SRR) measurements of turbid media
H. Luckmann, Laser- und Medizin-Technologie GmbH, 
Berlin (Germany); S. Andree, C. Reble, Laser- und Medizin-
Technologie GmbH, Berlin (Germany) and Technische Univ. 
Berlin (Germany); I. Gersonde, J. Helfmann, Laser- und 
Medizin-Technologie GmbH, Berlin (Germany)

A fiber applicator for spatially resolved reflectance measurements is 
presented, which uses simultaneous read-out of spectrometers for 
each source-detector separation. Different calibration procedures are 
compared by using silicone as well as liquid phantoms

8087-84, Poster Session

Development of a fiber-based Raman probe 
for clinical diagnostics
I. Latka, S. Dochow, C. Krafft, Institut für Photonische 
Technologien e.V. (Germany); B. Dietzek, Friedrich-Schiller-
Univ. Jena (Germany); H. Bartelt, J. Popp, Institut für 
Photonische Technologien e.V. (Germany)

A basic problem intrinsic to many diagnostic procedures in the 
clinics as well as minimally invasive surgeries is the online in-vivo 
classification of tissue. This results in the sever problem that the 
borders between tissue sections of various degrees of disease 
progression cannot be identified easily. On technological cause of 
these problems is founded in the imaging modalities conventionally 

used, i.e. white-light endoscopy or fluorescence-based endoscopic 
imaging. These techniques allow for the extraction of only a limited 
parameter set for judging the physiological or pathological state 
of a tissue section. The latter technique furthermore relies on the 
administration of external labels, which in turn disturbs the native 
tissue.

The problems can be circumvented using Raman microspectroscopy 
as a diagnostic tool. This techniques allows to record a vibrational 
spectrum at each sampling point and therefore for deducing the 
molecular fingerprint of the sample. It has been shown that Raman 
spectroscopy in combination with advanced statistical methods can be 
used to identify and grade tissue samples. However, the conventional 
approach of judging excised tissue sections by Raman microscopy 
does not present an approach which can be readily used in the clinics.

Here we present our recent progress towards designing a fiber-based 
Raman probe, which - in perspective - might be incorporated into the 
working channel of a surgical endoscope. We will review the general 
design principle of such a device and the specific design strategy for 
our Raman probe. Furthermore, calibration experiments on human 
tissue sections are presented.

Financial support from the Fonds der Chemischen Industrie (B.D. 
and J.P.), the Europäischer Fonds für regionale Entwicklung (EFRE), 
the Thüringer Kultusministerium (TKM, B578-06001) and the Federal 
Ministry for Science and Education, BMBF (project Chemoprävent, 
FKZ 13N10508) is acknowledged.

8087-85, Poster Session

Multispectral photoplethysmography 
technique for parallel monitoring of pulse 
shapes at different tissue depths
L. Asare, E. Kviesis-Kipge, U. Rubins, O. Rubenis, J. Spigulis, 
Univ. of Latvia (Latvia)

The newly developed optical fiber biosensor comprises one 
3-wavelengths laser diode and a single photodiode with multi-channel 
signal output processing; special software was created for visualization 
and measuring of the MS-PPG signals. The contact sensor head 
was connected to the device by a 1 meter long cable. New method 
was used for measuring PPG signals - digital PPG without analogue 
amplifier and filters.

The signal was acquired by measuring the photodiode discharge time 
which is inverse to absorption rate. The emission wavelengths were 
405 nm, 660 nm and 780 nm. The biosensor operated in contact 
reflection mode, with simultaneous parallel recording of PPG signals at 
each wavelength. Analysis of the MS-PPG signal shapes and baseline 
variations at three wavelengths provided information on hemodynamic 
parameters at different vascular depths and could be useful in 
dermatology for assessment of skin damages and pathologies.

The multi-spectral photoplethysmography recordings were obtained 
from three male volunteers. Measurements were performed in a 
laboratory. Each volunteer was asked to relax and sit in the chair. 
The age of volunteers was between 20 and 30 years. The MS-PPG 
recording time was between 45 and 60 s. The recordings were taken in 
morning, afternoon and early evening for one week.

At the first step experimental data were treated with the PPG-analysis 
software which is a specially created original program. Using this 
program is possible to get some important hemodynamic parameters 
like Max ejection velocity, Stiffness index (SI) and Reflection 
index (RI). The program also is separating the mean single period 
photoplethysmography signals (SPPPG), making easier treatment 
of experimental data at the second step of analysis with help of the 
Origin program. The choice interval of experimental data with Origin 
contribution was calculating the normalized mean value of SPPPG for 
each of the used wavelengths. The results after treatment with both 
programs, demonstrates that normalized mean PPG signal shape at 
wavelength 405 nm was unlike to signals at red and NIR wavelengths, 
and also systolic pulse amplitude had a shift if we compare 
wavelengths 405 nm, 660 nm and 780 nm.

Our results suggest that further tests are necessary to understand 
the different PPG signal shape at wavelength 405 nm and the systolic 
pulse amplitude shift. From results seems also that time interval from 
foot to incisura was almost the same independently on the PPG 
pulse duration. After analysis of experimental data one may conclude 
that newly developed method might be useful in dermatology for 
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assessment of skin damages and pathologies for comparing MS-PPG 
signals between healthy and pathologic skin area.

8087-86, Poster Session

Photobleaching measurements of 
pigmented and vascular skin lesions: results 
of a clinical trial
J. Lesins, Univ. of Latvia (Latvia)

Timely detection and evaluation of skin pathologies is a topical 
problem of modern clinical diagnostics, because number of 
occurrence of such pathologies (incl., deadly melanomas) in Europe 
and throughout the world keeps on growing. The autofluorescence 
photobleaching intensity dynamics of in vivo skin and skin pathologies 
under continuous 532 nm laser irradiation have been studied. Overall 
the 47 human skin malformations were investigated by laser induced 
skin autofluorescence photobleaching analysis. 

Safety and well being of human subjects involved in a clinical trial have 
been provided according to permission of the local ethics committee.

The measurement setup comprises a cw laser (532 nm) with focusing 
output SMA-connector, Y-shaped optical fiber bundle for delivery 
of the laser radiation to the skin probe and the fluorescent light to 
spectrometer AvaSpec-2048-2 (via a laser-blocking filter) which was 
connected to PC.

Results of the present study show considerable sensitivity of skin 
pathologies of the AF photbleaching analysis method. Each of skin 
pathologies has a specific AFPB characteristic. This methodology 
has a great potential for fast and patient-friendly diagnostics in 
dermatology. Dynamics of AFPB intensity are mainly dependent on a 
variety of skin chromophore distribution of various pathologies. The 
more homogeneous is a certain pathology structure, the more regular 
is its bleaching (following the double-exponential model). The smallest 
intensity bleaching has been observed in cases of highly pigmented 
cellular nevus, though the most rapid bleaching refers to vascular 
formations as to cherry angioma and hemangioma.

8087-87, Poster Session

Melanoma-nevus differentiation by 
multispectral imaging
I. Diebele, I. Kuzmina, Univ. of Latvia (Latvia); J. Kapostinsh, A. 
Derjabo, SIA Riga Eastern Clinical Univ. Hospital (Latvia)

Cutaneous melanoma currently represents 5% of newly diagnosed 
cancer in men and 6% in women. It is the leading fatal illness arising 
in the skin and is responsible for 80% of deaths from skin cancer. By 
now only biopsy can determine exact malformation diagnose. Though 
biopsy can rise metastasizing, therefore noninvasive diagnostics is 
preferable. 

This clinical trial comprised 41 pigmented malignant and non-
malignant skin pathologies was performed in Latvian Oncology Center 
by multispectral imaging in the spectral range 450 - 950 nm with 10 
nm step. Overall 16 melanomas and 25 nevi were investigated in this 
study.

The set-up contained multispectral imaging camera Nuance EX with 
additional halogen lamps and Nicon objective. Images at different 
wavelengths were taken from each pigmented malformation. The 
Nuance program CRi was used to acquire average spectra of 
pigmented and normal skin areas. Overall 51 images at different 
wavelengths were taken from each pigmented malformation.

Analysis of data obtained in the spectral range 450-950 nm have led to 
a novel image processing algorithm capable to distinguish melanoma 
from pigmented nevi. The new differentiation parameter p was 
established as indication to melanoma. 

After analysis of the 16 available melanoma multi-spectral image 
sets, 12 showed clear response accordingly to the above-mentioned 
criterion, and the 4 remaining cases also generally corresponded to 
that, but with some deviations. The newly developed image processing 
methodology may be helpful for in-vivo melanoma differentiation from 
nevus by distant optical biopsy. The first results show that sensitivity of 
this approach may be up to 90 % or even higher.

8087-88, Poster Session

Bimodal spectroscopy for in vivo 
characterization of hypertrophic skin tissue: 
pre-clinical experimentation, data selection 
and classification
H. Liu, CRAN INPL (France); H. Gisquet, CHU Brabois Enfants 
(France); W. C. P. M. Blondel, CRAN INPL (France); F. H. 
Guillemin, Ctr. Alexis Vautrin (France)

Objective: The objective of this study was two folds: firstly, we would 
like to investigate the efficiency of bimodal spectroscopic technique 
in characterization of hypertrophic scarring tissue deliberately created 
on a preclinical model (rabbit’s ear); on the other hand, we evaluated 
the effect of an antiinflammatory medication (tacrolimus) in inhibiting 
hypertrophic formation on scarring tissue by using our bimodal 
spectroscopic system.

Study design: This study was conducted on 20 New Zealand Rabbits 
who had received hypertrophic scarring treatment on their ears. 
Fluorescence and Diffuse Reflectance spectra were collected from 
each scar, amongst which some had received tacrolimus treatment. 
Spectral features were extracted from collected data and analyzed 
to classify the scarring tissues into hypertrophic or non-hypertrophic 
ones by comparing to histological classification. Diagnostic algorithms 
were developed, in applying K Nearest Neighbor classifier on a set 
of spectral features extracted with our innovative feature extraction-
selection method. The efficiency of this classification algorithm was 
finally validated by comparing to histological classification with Leave-
one- out cross validation method.

Results and discussion: The accuracy for detecting the occurrence of 
hypertrophy on scar tissue was good (sensibility : 94.44%, specificity 
: 90.48%). The features used for classification were mainly extracted 
from the spectra exited at 360 and 410 nm.

This indicates that the difference between the spectra acquired 
from hypertrophic and non-hypertrophic tissue may be due to the 
different density of collagen and NADH, which have strong absorption 
properties at these wavelengths. On the other hand,one classifying 
feature extracted from AF spectra in the range of 626-648 nm maybe 
proves that hypertrophy developed in tissue scar could involve the 
change in local porphyrin concentration.

Conclusion : This study shows that bimodal spectroscopy has the 
potential to test pharmaceutical effect of drug in a more simple and 
non-invasive way.

8087-89, Poster Session

Model-based spectral analysis of photon 
propagation through nanoparticle-labeled 
epithelial tissues
C. Cihan, Bilkent Univ. (Turkey); D. Arifler, Department of 
Physics, Eastern Mediterranean Univ. (Cyprus)

There is currently a significant interest to develop optically active, 
molecular-specific labeling agents that can selectively bind to 
cancer biomarkers in tissues and enhance intrinsic optical signals. 
Metal nanoparticles strongly absorb and scatter light with distinct 
spectral features and can function as optical contrast enhancers 
for reflectance-based diagnosis of epithelial precancer. We carry 
out Monte Carlo simulations to model photon propagation through 
normal tissues, unlabeled precancerous tissues, and precancerous 
tissues labeled with gold nanospheres and we compute the spectral 
reflectance response of these different tissue states. Simulations 
employ various source-detector geometries that are commonly used 
for reflectance measurements in research settings. The results indicate 
that nanoparticle-induced changes in the spectral reflectance profile 
of tissues depend not only on the properties of these particles but also 
on the source-detector geometry used. When the source and detector 
fibers are oriented side by side and perpendicular to the tissue surface, 
the reflectance intensity of precancerous tissue is lower compared to 
that of normal tissue over the entire wavelength range simulated and 
the addition of nanospheres enhances this negative contrast. When 
the fibers are tilted toward each other, the reflectance intensity of 
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precancerous tissue is higher compared to that of normal tissue and 
labeling with nanospheres causes a significant enhancement of this 
positive contrast. The results also suggest that model-based spectral 
analysis of photon propagation through nanoparticle-labeled tissues 
provides a useful framework to quantify the extent of achievable 
contrast enhancement due to external labeling and to assess the 
diagnostic potential of nanoparticle-enhanced optical measurements.

8087-90, Poster Session

Spectral imaging as a potential tool for 
optical sentinel lymph node biopsies
J. D. O’Sullivan, P. R. Hoy, H. N. Rutt, Univ. of Southampton 
(United Kingdom)

Sentinel Lymph Node Biopsy is an increasingly standard procedure 
to help oncologists accurately stage cancers. It is performed as an 
alternative to the full axillary lymph node dissection in breast cancer 
patients, reducing the risk of long-term health problems associated 
with lymph node removal. It is currently performed using touch-print 
cytology, which can introduce a significant delay into the procedure, 
possibly even necessitating additional surgery. Spectral imaging is 
the process of forming an image whereby reflected intensities from 
a number of spectral bands are collected at each pixel in the image 
plane. We investigate the possibility of using spectral imaging to 
assess sentinel lymph nodes of breast cancer patients with a view 
to eventually developing an optical technique that we believe could 
significantly reduce the time required to perform this procedure. 
We investigate some previously reported spectra of normal and 
metastatic tissue in the visible and near infrared region by using 
them as the basis of dummy hyperspectral images. We analyse these 
hyperspectral images using the spectral angle map, a tool routinely 
used in other fields where spectral imaging is prevalent, such as 
Earth remote sensing. We simulate random noise in these images in 
order to determine whether the spectral angle map can continue to 
discriminate between normal and metastatic pixels as the quality of the 
hyperspectral images deteriorates. We show that even in cases where 
noise levels are up to 20% of the maximum reflectance, the spectral 
angle map can distinguish healthy pixels from metastatic. We believe 
that this makes spectral imaging a good candidate for further study in 
the development of an optical sentinel lymph node biopsy.

8087-91, Poster Session

Preliminary results of normalized 
autofluorescence imaging diagnostics in 
upper GI
A. Douplik, Friedrich-Alexander-Univ. Erlangen-Nürnberg 
(Germany)

To date the autofluorescence imaging diagnostics has been 
successfully applied as adjuvant imaging techniques in combination 
with conventional endoscopic surveillance in colon and lungs to assist 
early discover of dysplastic lesions, biopsy guidance and microsurgery 
navigation. Nevertheless, in upper GI, such as esophagus and 
stomach, the results of the autofluorescence endoscopy are reported 
contradictory and demonstrate a high false positive rate and reduced 
specificity. One of the approaches to improve the specificity of the 
autofluorescence diagnostics is to measure an intrinsic or normalized 
autofluorescence, the parameter completely or partially decoupled 
from the emission re-absorption and scattering by biological tissues, 
as opposed to the recent technique where the autofluorescence is 
measured as a product of the intrinsic autofluorescence, its absorption 
and scattering, i.e. so-called non-normalized autofluorescence. 
Deriving the normalized autofluorescence can improve the specificity 
of cancer diagnostics. The current work is preliminary clinical results of 
attempting transferring the spectroscopic findings into imaging mode. 
The preliminary results show that after applying a new algorithm of 
image processing the specificity increased by 20%.

8087-92, Poster Session

Method to determine optimal illumination 
wavelengths for gold nanoparticle detection 
in tissue using reflectance spectroscopy
P. B. García-Allende, C. Barriere, V. Sauvage, D. S. Elson, 
Imperial College London (United Kingdom)

Due to their potential noncytotoxic and facile immunotargeting, gold 
nanoparticles have become an important alternative as imaging 
agents allowing promising enhancements in cell and tissue imaging 
by techniques such as fluorescence and scattering imaging as well 
as photoacoustic tomography, and multiphoton plasmon resonance 
microscopy. Apart from cancer imaging and diagnostic purposes, gold 
nanoparticles can secondarily be employed for therapy, based on 
photothermal destruction of cancerous cells given their capability to 
efficiently convert absorbed light into localized heat. For these reasons, 
the translation of such recent advances in nanotechnology towards 
in vivo optical diagnostic imaging and therapy techniques in situ 
surgical settings would be a promising development. With this purpose 
in mind, a compact and integrated system to allow simultaneous 
multimodal imaging and image-guided nanoparticle mediated thermal 
therapy needs to be developed. This study focuses on using optical 
spectroscopy to guide the selection of important wavelengths for 
distinguishing nanoparticles from background tissue signals and it 
demonstrates the feasibility of a multi-spectral illumination approach 
for real-time mapping the presence of gold nanoparticles in bulk tissue 
by using multispectral reflectance imaging.

Diffuse reflectance spectra from fresh chicken breast tissue specimens 
were acquired using a hyperspectral imaging system. Some of these 
specimens were injected with gold nanoparticle solutions with varying 
concentration and shapes. The spectral data were processed by 
means of Principal Component Analysis (PCA) and wavelengths for 
illumination in a multispectral imaging endoscope were subsequently 
determined based on this approach. Selected spectral bands proved 
successful in clustering distinct nanoparticle solutions.

8087-93, Poster Session

Inflammatory infiltrates and 
misclassification in Raman-based optical 
biopsy
H. da Silva Martinho, Univ. Federal do ABC (Brazil)

Recent technological advances in fiber optics, light sources, detectors, 
and molecular biology have stimulated unprecedented development 
of optical methods to detect pathological changes in tissues. These 
methods, collectively termed “optical biopsy,” are nondestructive in 
situ and real-time assays. In special, Raman spectroscopy technique 
had been able to probe several biochemical alterations due to 
pathology development as change in the DNA, glycogen, phospholipid, 
non-collagenous proteins. All studies claimed that the optical biopsy 
methods were able to discriminate normal and malignant tissues. 
However, few studies had been devoted to the discrimination of very 
common subtle or early pathological states as inflammatory process, 
which are always present on, e.g., cancer lesion border. In this work 
we present a systematic comparison of optical biopsy data on several 
kinds of lesions were inflammatory infiltrates play the role (breast, 
cervical, and oral lesion). Our studies indicated that the Raman spectra 
of inflammatory infiltrates in the fingerprint region (500-1800 cm-1) 
usually misdiscriminates normal and pathological spectra. In fact, we 
were able to discriminate normal and abnormal tissues only the IFH 
case employing a relatively low wavenumber (530 - 580 cm-1) band. 
Thus it could be concluded that the fingerprint region has limited 
capability to discriminate inflammatory infiltrates. One alternative is 
to analyze the bands in the high frequency region (2800 - 3800 cm-1) 
that is related to O-H stretching modes of water molecule and CH3 
vibrations. This region had also an important advantage related to be 
almost fluorescence free and very suitable to be accessed via optical 
probes. Another option is observe the very low wavenumber (< 200 
cm-1) which is dominated by interatomic vibrations. In both cases 
technological advances are needed to improve the signal to noise ratio 
(high wavenumber option) and completely eliminates the fluorescence 
contamination (low wavenumber option).
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8087-94, Poster Session

A clinical Raman spectrometer for 
macroscopic mapping of cervical 
intraepithelial neoplasia
C. Reble, I. Gersonde, C. Dressler, J. Helfmann, D. Schädel, 
Laser- und Medizin-Technologie GmbH, Berlin (Germany); W. 
Kühn, G. Cichon, A. Schneider, Charité Universitätsmedizin 
Berlin (Germany); H. J. Eichler, Technische Univ. Berlin 
(Germany); G. Illing, Laser- und Medizin-Technologie GmbH, 
Berlin (Germany)

Raman spectroscopy has already proven to be suitable for the 
detection of cervical intraepithelial neoplasia (CIN) in a number of 
studies. 

In the current study we perform macroscopic Raman mapping on 
freshly excised coni from the cervix uteri. In contrast to a biopsy 
sample which is taken under colposcopic guidance from the most 
suspicious site, a single conus typically includes more than one CIN 
stage and also regions of normal tissue. Therefore, mapping of a whole 
conus provides data from multiple tissue types from one patient. 

In this contribution, we present the design of our measurement setup, 
which conserves the étendue of the spectrometer. The choice of optics 
was further guided by Monte Carlo simulations which were used to 
calculate the sampling volume, the detection efficiency and the local 
temperature rise for different measurement geometries. 

Choosing a measurement geometry with a suitable sampling volume is 
important because the discriminant potential of Raman spectroscopy 
may be reduced when the sampling depth of the macroscopic 
measurement geometry significantly exceeds the thickness of the 
epithelium of ≈200µm in which the neoplastic lesions develop. As the 
thickness of the epithelium varies spatially as well as inter-individually, 
we decided to design the instrument such that 50% (70%) of the signal 
originates from a depth less than 200 µm (300µm). This ensures that a 
sufficient fraction of the collected signal originates from regions close 
to the basal membrane.

Finally we present preliminary results of the ongoing study.

8087-95, Poster Session

Phantoms of normal and abnormal 
tissues for calibration of hyperspectral 
reflectance and multispectral fluorescence 
video endoscopy: toward gastrointestinal 
diagnostics
M. Hohmann, A. Douplik, Friedrich-Alexander-Univ. Erlangen-
Nürnberg (Germany) and Erlangen Graduate School in 
Advanced Optical Technologies (Germany); A. Nasution, 
Institut Teknologi Sepuluh Nopember (Indonesia); J. Mudter, 
M. Neurath, Friedrich-Alexander-Univ. Erlangen-Nürnberg 
(Germany); M. Schmidt, Friedrich-Alexander-Univ. Erlangen-
Nürnberg (Germany) and Erlangen Graduate School in 
Advanced Optical Technologies (Germany)

Cancer is the second most cause of death in the world after 
cardiovascular related disease. This paper presents the calibration 
and test results obtained by mean of a hyperspectral reflectance 
and multispectral fluorescence flexible video endoscope setup. Its 
application field is intended to be gastrointestinal cancer detection. We 
fabricated hard tissue phantoms which mimic different types of tissue 
in terms of its reflection and fluorescence properties for evaluation. 
The fluorescence and reflectance properties of the phantoms are set 
by varying the concentration of hemoglobin or fluorophores. The goal 
is to achieve a similar reflectance and fluorescence properties as in 
actual respective tissues in vivo. A modified endoscope was used to 
discriminate the normal and tumor tissue phantoms with reflectance 
and fluorescence measurements. This hyperspectral endoscope 
setup consists of a light source, a camera and a camera controller 
that are compatible for use with conventional video endoscopes and 
video monitors. This setup allows the operator to switch between 

conventional white light imaging mode (WLI) and hyperspectral 
imaging mode (HSI). A significant imaging contrast between normal 
and tumor tissue phantoms has been provided.

8087-96, Poster Session

Three years of treatment with once-yearly 
zoledronic acid influences the kinetics of 
bone matrix maturation in osteoporotic 
patients independent of bone turnover
S. Gamsjaeger, B. Buchinger, Ludwig Boltzmann Institut 
(Austria); J. A. Gasser, Novartis Institutes for Biomedical 
Research, Inc. (Switzerland); E. F. Eriksen, AUS Aker 
Universitetssykehus Trondheimsveien (Norway); E. P. Paschalis, 
K. Klaushofer, Ludwig Boltzmann Institut (Austria)

Zoledronic acid (ZOL) exhibits the greatest affinity for bone mineral 
to date amongst bisphosphonates. The purpose of the present study 
was to analyze biopsies (ZOL = 23, PLC =47) by means of Raman 
microspectroscopy (Senterra, Bruker Optik GmbH, laser 785nm, 
objective 50x) as a function of tissue age (based on tetracycline 
fluorescent labels) to determine whether ZOL therapy has an effect 
on the kinetics of maturation of newly formed bone matrix, relative 
proteoglycan content and mineral maturity/crystallinity in trabecular 
bone. 

There was a significant increase in the mineral/matrix ratio in both the 
ZOL- and placebo-treated patients as a function of tissue age. When 
the relative proteoglycan content was normalized for the amount 
of mineral, there was a decrease as a function of tissue age in the 
ZOL-treated patients. When the relative proteoglycan content was 
normalized to the amount of organic matrix, both groups exhibited 
similar profiles as a function of tissue age.

In conclusion, the results of the present study suggest once-yearly 
administration of intravenous ZOL for 3 years in humans affects the 
kinetics of matrix filling in by mineral and mineral crystallite maturation, 
independent of bone turnover.

8087-97, Poster Session

In vivo determination of absorption and 
scattering properties in rat cerebral cortex 
using single reflectance fiber probe with two 
source-collector geometries
I. Nishidate, Tokyo Univ. of Agriculture and Technology (Japan); 
S. Kawauchi, S. Sato, National Defense Medical College 
(Japan); M. Sato, Yamagata Univ. (Japan); M. Ishihara, M. 
Kikuchi, National Defense Medical College (Japan)

In this study, we present a method to determine the reduced scattering 
coefficients and the absorption coefficients of in vivo cerebral cortex 
based on the diffuse reflectance spectroscopy using single reflectance 
fiber probe with two source-collector geometries. In order to confirm 
the possibility of the method to evaluate changes in the optical 
properties of cerebral cortex, we performed in vivo experiments for 
exposed rat brain during the cortical spreading depression (CSD) 
evoked by the pinprick stimulation.

The experimental setup is consisted of a light source, bifurcated fiber, 
reflection fiber probe, and two spectrometers under the control of a 
personal computer. The bifurcated fiber has two fibers of the same 
diameter of 400 um side-by-side in the common end. The reflection 
fiber probe has one 600 um -diameter fiber in the center surrounded 
by six 600 um -diameter fibers. The common end of bifurcated fiber is 
connected to one end of the center fiber of reflection probe by a fiber 
connector. A halogen lamp light is used to illuminate the sample via 
one lead of bifurcated fiber and the center fiber of reflection probe. 
Diffusely reflected light from the sample is collected by both of one 
center fiber and six surrounding fibers as Rc (lambda) and Rs (lambda). 

The Monte Carlo simulation specified the dependences of Rc (lambda) 
and Rs (lambda) on absorption coefficient and the reduced scattering 
coefficient.
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Time courses of spectral data for the reduced scattering coefficients 
and absorption coefficients during pinprick-induced CSD were 
obtained by the proposed method. Hemodynamic response to 
CSD can be clearly observed in temporal changes in the reduced 
scattering coefficients and the absorption coefficients after the pinprick 
stimulation.

The results indicate the possibility of the method to evaluate the 
pathophysiological conditions of cerebral cortex.

8087-98, Poster Session

The in vivo monitoring method for traumatic 
brain injury of mouse based on near-infrared 
light intensity
W. Li, Z. Qian, X. Wang, X. Liu, Nanjing Univ. of Aeronautics 
and Astronautics (China)

A system based on near-infrared light intensity was proposed to 
monitoring traumatic brain injury (TBI) of mouse. The light source 
was 760/850nm dual-wavelength light emitting diode and was also 
modulated by square wave at 20Hz. The constant current bias circuit 
was used to decrease the effects of light source intensity fluctuation. 
In order to distinguish the dual-wavelength light intensity, the light 
source works at time-division multiplexed state. The reference signal 
and synchronizing signal must be sent to lock-in amplifier circuit 
and computer respectively from constant current bias circuit. The 
optoelectronic detectors collected light intensity. Then the data 
acquisition card sampled the analog signal to the computer. 

The modified Lambert Beer law was used to calculate the 
concentration of НHbO2 and НHb. The sensitivity matrix was defined to 
evaluate the effective detection region and depth of the probe. 

The model was made by intralipid solution of 20% concentration. The 
Nitrogen and Oxygen were added into the solution in turn. The results 
measured by proposed system were validated by the ISS Oximeter.

TBI mouse models were built by Feeney’s free-falling method. Two 
fibers connected with the optoelectronic detectors were put in the 
position of 1 mm and 2 mm distance from the light source.

The five groups of TBI mouse models show after TBI the concentration 
of HbO2 decreased and the concentration of Hb increased. The 
decreased concentration of HbO2 was larger than the increased 
concentration of Hb. Then the changes of the concentration of НHbO2 
and НHb according to the development of TBI was studied. The degree 
of the TBI in 1 hour is more severity than which in 24 hours, so the 
HbO2 decreased.

It can be concluded that the proposed system can be used to monitor 
the changes of TBI of mouse continuously and non-invasively.

8087-12, Session 4

Collagen matrices as a more suitable model 
for in vitro study of live cells using Raman 
microspectroscopy
F. Bonnier, P. Knief, A. D. Meade, J. Dorney, K. Bhattacharya, F. 
M. Lyng, H. J. Byrne, Dublin Institute of Technology (Ireland)

Three dimensional collagen gels are evaluated as matrices for the 
study of live cells by Raman

spectroscopy. The study is conducted on a human lung 
adenocarcinoma (A549) and a spontaneously immortalized human 
epithelial keratinocyte (HaCaT) cell line. It is demonstrated, using the 
Alamar Blue assay, that both cell models exhibit enhanced viability 
in collagen matrices compared to quartz substrates, commonly used 
for Raman spectroscopy. Using principal component analysis, it is 
shown that the Raman spectral analysis of cells in collagen matrices is 
minimally contaminated by substrate contributions and the cell to cell 
spectral variations are greatly reduced compared to those measured 
on quartz substrates. Furthermore, the spectral measurements are 
seen to have little contribution from the cell culture medium, implying 
that cultures can be kept viable over prolonged measurement or 
mapping procedures.

The lateral resolution of the system has been estimated to be <1.5 

mm making it possible to access the subcellular organization. Using 
K-means clustering analysis, it is shown that the different subcellular 
compartments of individual cells can be indentified and differentiated. 
The biochemical specificity of the information contained in the 
Raman spectra allows the visualization of differences in the molecular 
signature of the different sub-cellular structures. Furthermore, to 
enhance the chemical information obtained from the spectra, principal 
component analysis has been employed, allowing the identification of 
spectral windows with a high variability. The comparison between the 
loadings calculated and spectra from pure biochemical compounds 
enables the correlation of the variations observed with the molecular 
content of the different cellular compartments.

8087-13, Session 4

Numerical simulations for quantitative 
spectroscopic imaging in the sidestream 
dark-field microscopy configuration
A. Nadort, T. G. van Leeuwen, D. J. Faber, Academisch 
Medisch Ctr. (Netherlands)

Sidestream dark field (SDF) imaging is a clinical tool (“MicroscanН”) 
that generates high quality images of subsurface structures, such as 
the microcirculation. The geometry consists of ring-based illumination 
and a central imaging pathway so that only multiple scattered light 
will contribute to the image. By illuminating with multiple spectral 
bands we can obtain both spectral and structural information from the 
images. We believe this will initiate an advanced way of non-invasive 
quantitative spectroscopy. We have commenced to model light 
propagation in the multiple scattering dark field regime using numerical 
simulations and tissue optical phantom experiments.

The MicroscanН is modified by replacing the monochrome LED based 
illumination for fiber based illumination to enable spectroscopic 
imaging. To validate the geometry for numerical simulations we 
started straightforward by illuminating with only one fiber and using 
homogeneous tissue simulating phantoms. The phantoms covered a 
broad range of scattering and absorption values. 

For the numerical simulations we used an open source Monte 
Carlo program with high flexibility in defining the light source and 
detector geometry as needed in this set-up. We used a ray tracing 
algorithm to derive the positions of the emerging photons on the 
CCD camera. The resulting simulated images follow the intensity 
distribution of the experimentally obtained images very well. We thus 
have developed a numerical analysis method with the correct SDF-
geometry incorporated, which gives us a very flexible tool to analyze 
the SDF-images in terms of reflectance and path length distributions. 
In addition, we can include structural elements, such as cylinders, into 
the Monte Carlo geometry to simulate the microcirculation and develop 
a model for quantitative analysis of images based on structural and 
spectral information.

8087-14, Session 4

A biosafety study on nonlinear optical 
imaging
G. Thomas, Erasmus MC (Netherlands); O. Nadyarnykh, J. van 
Voskuilen, H. C. Gerritsen, Utrecht Univ. (Netherlands); H. J. C. 
M. Sterenborg, Erasmus MC (Netherlands)

Interest in development of high-resolution optical imaging of tissue 
structure for in vivo diagnostics has been on the surge lately. Nonlinear 
optical imaging which is based on multi-photon absorption or second 
harmonic generation, has become a powerful tool in the same field. 
This is due to its advantages over conventional imaging techniques, 
such as its ability to provide intrinsic 3-D optical tissue sectioning, with 
deeper tissue penetration by longer wavelength and minimal out-of-
plane photo-bleaching. However, the elevated peak intensity required 
for multi-photon processes while imaging in vivo could result in 
formation of cyclic pyrimidine dimers (CPD) in the cellular DNA leading 
to mutations. Failure to repair these mutations could then lead to 
carcinogenesis in the long run. Nevertheless the risk of carcinogenesis 
should always be analysed in comparison with that of biohazards one 
is exposed to on a regular basis.
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In this study, Chinese Hamster Ovary cells were imaged in vitro at 
varying peak intensities from the femtosecond pulsed laser, whereas 
the positive control was exposed to UV radiation simulating a typical 
solar exposure. The extent of DNA damage in the exposed cells was 
quantified using the immuno-fluorescent technique involving primary 
antibodies that bind specifically to CPDs. Subsequently, experiments 
were performed on mice in a similar manner to evaluate the relative 
risk for an in vivo scenario. The results and ensuing calculations in 
this study compare the lifetime risk of carcinogenesis due to a yearly 
nonlinear optical biopsy at reasonable imaging peak intensities to the 
same arising from a routine outdoor exposure to the UV radiations from 
sunlight.

8087-15, Session 5

Quantitative fiberoptic spectroscopy for 
noninvasive, realtime medical diagnosis
H. J. C. M. Sterenborg, S. C. Kanick, Erasmus MC 
(Netherlands); U. Gamm, Consultant (Germany); J. B. Aans, 
R. L. van Veen, D. J. Robinson, A. Amelink, Erasmus MC 
(Netherlands)

Optical biopsy for non-invasive diagnosis of disease is an ongoing 
challenge to biomedical optics. Extensive clinical studies on the 
measurement of optical properties of tissue using spatially resolved 
steady-state diffuse reflectance spectroscopy revealed that human 
tissues often are too inhomogeneous for diffusion theory to work 
accurately enough for reliable clinical diagnosis. Due to the large 
sampling volumes and the wavelength dependent pathlengths of 
the detected photons accurate measurements have appeared to 
be impossible in non-homogenous media. Differential Pathlength 
Spectroscopy, a spectroscopic measurement technique using 2 
optical fibers, has been developed to overcome this problem by 
reducing the sampling volume and using a predetermined pathlength. 
Using this method the spectra obtained could be analyzed in terms 
of Mie and Raleigh scattering, micro vascular parameters (StO2, tHb 
and vessel diameter) and additional absorbers such as billirubin and 
beta-carotene. Recently we developed a method to estimate photon 
pathlengths for single fiber spectroscopy. This allows for similar 
spectral measurements in a much smaller diameter.

The different approaches have so far been evaluated in more than 
500 patients for various clinical applications varying from surface 
measurements on skin and oral cavity, endoscopic measurements in 
bronchi, esophagus, colon and through biopsy needles in brain, breast 
and different types of lymph nodes. 

Clinical measurements have been performed with home made 
scientific instruments. Recently a the University spin off company 
Luminostix has finished a first medical prototype that is currently in 
tprocess of being CE marked. 

In the presentation I will give an overview of the technology involved, 
the challenges to get the technology into the clinic and I will discuss 
the latest clinical results.

8087-16, Session 5

Diagnostics of tumor cells by combination 
of Raman spectroscopy and microfluidics
U. Neugebauer, S. Dochow, C. Krafft, Institut für Photonische 
Technologien e.V. (Germany); T. Bocklitz, Friedrich-Schiller-
Univ. Jena (Germany); J. H. Clement, Universitätsklinikum Jena 
(Germany); J. Popp, Institut für Photonische Technologien e.V. 
(Germany) and Friedrich-Schiller-Univ. Jena (Germany)

Tumor cells can disseminate from solid tumors and circulate in the 
peripheral blood of cancer patients all over the whole body and 
participate in metastasis. These circulating tumor cells are very rare 
and therefore difficult to detect. However, they are of utmost interest 
as they offer a high potential for tumor diagnostics and cancer therapy 
selection and monitoring. A reliable identification of the rare tumor cells 
from a blood sample would mean a huge simplification in diagnosis 
compared to computer tomography, magnet resonance imaging, 
positron emission tomography or an invasive tissue biopsy. Within 

the research initative “Jenaer Zell-Identifizierungs-Gruppe” (JenZIG) 
we design new methods for cell identification, micromanipulation and 
sorting based on spectroscopic methods and microfluidic systems. 
Previously, we could show that it is possible to distinguish by means of 
Raman spectroscopy different cell types that are present in peripheral 
blood such as leukocytes, leukemic cells and solid tumour cells 
when they are fixed and dried on CaF2 plates [1]. Furthermore, it was 
possible to extend this classification model to cells kept in aqueous 
buffer [2]. On the way to an automated cell sorting and identification 
device two combined Raman spectroscopy microfluidic setups have 
been realized [3] and will be presented in this contribution. The first 
is based on a quartz capillary with a square cross section which is 
connected to a syringe pump system (Scheme 1). Cells are retained 
stable in space in a surrounding flow by means of optical traps and are 
Raman spectroscopically investigated. The second, more advanced 
setup, comprises a microfluidic chip with a flow focusing unit, a 
trapping structure and a Y junction for flow switching between the two 
outlets and therefore will also allow for cell sorting. .Raman spectra of 
individual cells which can be found in peripheral blood are acquired in 
both experimental setups. Leukocytes are isolated from the peripheral 
blood of patients. Breast carcinoma derived tumour cells (MCF-7, 
BT-20) and myeloid leukaemia cells (OCI-AML3) are prepared from cell 
cultures. With the help of supervised statistical methods it is possible 
to develop classification models which allow the differentiation of 
the different cell types in aqueous buffer in a non-contact, label-free 
manner and therefore, open the way towards a non-destructive, 
powerful and sensitive optical-based tumor diagnostic method.
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8087-17, Session 5

High-resolution vital fluorescence imaging 
for in vivo detection of microscopic residual 
disease in cancer surgery
J. Q. Brown, J. Mueller, Duke Univ. (United States); J. Mito, 
Duke Univ. Medical Ctr. (United States); Z. T. Harmany, Duke 
Univ. (United States); D. G. Kirsch, Duke Univ. Medical Ctr. 
(United States); R. M. Willett, Duke Univ. (United States); 
J. Geradts, Duke Univ. Medical Ctr. (United States); N. 
Ramanujam, Duke Univ. (United States)

Incomplete surgical tumor resection is a significant clinical problem 
which leads to a reduction in survival for many cancer patients. We 
describe the development and validation of a methodology for high-
resolution vital fluorescence imaging for detection of microscopic 
residual tumor in incomplete cancer resection surgeries. We 
propose the use of simple, topically-applied fluorescent stains in 
combination with optical microscopy systems which are able to resolve 
micromorphological features. In this paper, we will describe the proof-
of-principle of the staining and imaging approach in human tissue, 
using the breast as an example; we will describe the optimization and 
validation of the imaging methodology for tumor margin detection 
in a pre-clinical murine sarcoma model, using a high resolution 
microendoscope (HRME) as the imaging system; we will describe our 
efforts towards the development of image processing algorithms which 
aid in detection and quantification of residual tumor in the presence of 
otherwise normal tissues; and finally, we will describe the development 
and characterization of a clinically-viable large field sectioning 
microscope (LFSM) which is designed and optimized to meet the 
resolution, time, and surface coverage requirements for detection of 
residual carcinoma in the tumor bed clinically. As a result of our work, 
we demonstrate that high resolution vital fluorescence imaging is a 
feasible approach for in vivo detection of microscopic residual disease 
left behind in an incomplete tumor resection surgery.
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8087-18, Session 5

Spatially modulated multispectral light 
to guide localized spectroscopy of 
lumpectomy margins
A. M. Laughney, V. Krishnaswamy, Dartmouth College 
(United States); D. J. Cuccia, Modulated Imaging Inc. (United 
States); T. B. Rice, B. J. Tromberg, Beckman Laser Institute 
and Medical Clinic (United States); W. A. Wells, Dartmouth 
Hitchcock Medical Ctr. (United States); K. D. Paulsen, B. W. 
Pogue, Dartmouth College (United States)

This work validates the use of multispectral spatially modulated 
structured light to guide assessment of surgical margins for cancer 
involvement up to 1-2mm in depth, the clinical criterion for breast 
conserving therapy. Candidates for breast conserving therapy 
may have tumors up to 5cm in diameter, but most spectroscopy 
tools involve fiber bundles that cannot sample the full tissue field 
at a resolution sufficient to account for specimen heterogeneity. 
Multispectral modulated imaging (MI) employs spatial frequency 
domain sampling and model-based analysis of the spatial modulation 
transfer function to rapidly sample wide-field optical properties 
with sensitivity to sub-millimeter features at four NIR wavelengths. 
Mapping of chromophore distributions and scattering parameters 
by multispectral MI identifies suspicious lesions in the surgical 
field for further characterization using a dark-field in situ scanning 
spectroscopy platform designed to image thick tissues at a resolution 
sensitive to pathology. Accuracy and sensitivity of quantified 
parameters are assessed in phantoms and a murine model. Breast 
tissue will be imaged across clinically relevant pathologies to study 
the combined use of these systems to differentially quantify benign, 
invasive and in situ carcinomas during breast conserving surgery. 
Classification of scattering parameters extracted from localized tissue 
volumes has already demonstrated diagnostic success; quantification 
of diffuse optical parameters with MI will further address the resolution-
sampling tradeoff. Combination of multispectral MI with localized 
broadband spectroscopy is expected to improve classification ability 
and the dynamic range of optical properties measured because two 
light-transport mechanisms are probed.

8087-19, Session 6

Quantitative spectral imaging for 
intraoperative breast tumor margin 
assessment
B. Yu, J. Q. Brown, J. Y. Lo, T. M. Bydlon, H. L. Fu, S. A. 
Kennedy, M. Junker, Duke Univ. (United States); T. F. Kuech, 
Univ. of Wisconsin-Madison (United States); J. Geradts, L. 
Wilke, N. Ramanujam, Duke Univ. (United States)

The pathologic margin status is an important predictor of local 
recurrence of an invasive or in-situ cancer after breast conserving 
surgery and currently there are no widely accepted tools for intra-
operative margin assessment. In this presentation, we provide an 
overview of our effort on multiple strategies in developing quantitative 
spectral imaging for intraoperative detection of residual cancer at the 
margins of excised breast tumors. In one strategy, we maximize the 
number of channels a traditional spectrometer can image so that most 
margins can be surveyed in a single placement. In another strategy, 
we employ state-of-the-art optoelectronics technology to construct an 
integrated spectral imaging system with a miniature custom designed 
imaging array with high degree of automation for breast tumor margin 
assessment.

8087-20, Session 6

Breast imaging using the Twente 
photoacoustic mammoscope: new clinical 
measurements
M. Heijblom, Univ. Twente (Netherlands) and Medisch 

Spectrum Twente (Netherlands); D. Piras, W. Xia, J. van 
Hespen, Univ. Twente (Netherlands); J. Klaase, F. van den 
Engh, Medisch Spectrum Twente (Netherlands); T. van 
Leeuwen, Univ. Twente (Netherlands) and Academisch Medisch 
Ctr. (Netherlands); W. Steenbergen, S. Manohar, Univ. Twente 
(Netherlands)

Worldwide, yearly about 450,000 women die from the consequences 
of breast cancer. Unfortunately, current imaging modalities are not 
optimal in discriminating benign from malignant tissue. Visualizing 
the malignancy-associated increased hemoglobin concentrations 
might significantly improve early diagnosis of breast cancer. Since 
photoacoustic imaging can visualize hemoglobin in tissue with optical 
contrasts and ultrasound-like resolutions, it is potentially an ideal 
method for early breast cancer imaging. 

The Twente Photoacoustic Mammoscope (PAM) has been developed 
specifically for breast imaging. In 2006, the system was tested in a 
pilot study. PAM proved to be feasible for detecting invasive breast 
cancer. Recently, a large clinical study has been started in the 
Medisch Spectrum Twente in Oldenzaal. Within the period of 1.5 
years, up to 100 patients with different types of breast lesions will 
be measured using PAM. In PAM, the breast is slightly compressed 
between a window for laser light illumination and a flat array ultrasound 
detector. The measurements are performed using a Q-switched 
Nd:YAG laser, pulsed at 1064 nm and a 1 MHz unfocused ultrasound 
detector. Three-dimensional data is reconstructed using a modified 
backprojection reconstruction algorithm. Those reconstructed images 
are compared with conventional imaging and pathology and used 
to find photoacoustic malignancy markers. Moreover, results will be 
used to guide developments in photoacoustic mammography in order 
to pave the way towards an optimal technique for early diagnosis of 
breast cancer.

8087-21, Session 6

Devising an endoluminal bimodal probe 
which combines autofluorescence and 
reflectance spectroscopy with high-
resolution MRI for early stage colorectal 
cancer diagnosis: technique, feasibility and 
preliminary in-vivo (rabbit) results
A. Ramgolam, R. Sablong, CREATIS-LRMN INSA (France); 
H. Saint-Jalmes, Univ. de Rennes 1 (France); B. Bou-Saïd, 
Institut National des Sciences Appliquées de Lyon (France); S. 
Bouvard, CERMEP (France); O. Beuf, CREATIS-LRMN INSA 
(France)

Colorectal cancer ranks amongst the cancers with the highest cure 
rates. However it still accounts for more than 639 000 deaths per 
year worldwide for more than 1.2 million cases. One basic reason 
behind these contrasting facts is that flat adenomas which are 
precursors of colorectal cancer and develop mainly underneath the 
mucosal layer barely modify the morphological aspect of the colonic 
mucosa during their early stage development. Thus the early stage 
diagnosis through White Light Endoscopy (WLE) is quite tricky. In an 
attempt to provide more sensitive diagnostic tools, several techniques 
such as Optical Coherence Tomography (OCT), autofluorescence 
spectroscopy, virtual colonoscopy and endoscopic ultrasound are 
currently being investigated or clinically tested. In the light of these 
innovations, we hereby present an alternative bimodal technique 
coupling High Resolution Magnetic Resonance Imaging (HR-MRI) to 
optical spectroscopy for early stage colorectal cancer diagnosis. We 
have designed and built an endoluminal bimodal probe capable of both 
acquiring High spatial Resolution MR images which allows mucosal 
and sub mucosal complex differentiation (morphological data) and 
measure autofluorescence and diffuse reflectance spectroscopic data 
(biochemical data through ‘optical biopsy’). We highlight how these 
2 different techniques complement each other to offer an innovative 
and early stage colorectal cancer diagnostic tool. The evolution of the 
endoluminal probe from MR Imaging and single point autofluorescence 
spectroscopy to MR Imaging and dual zone (2 points) autofluorescence 
and diffuse reflectance spectroscopy is discussed and the highly 
promising preliminary results obtained on an organic phantom and in-
vivo on a rabbit are also presented.
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8087-22, Session 6

The use of infrared spectroscopy to 
estimate the gross biochemistry associated 
with different colorectal pathologies
J. J. Wood, T. Cook, N. Shepherd, N. Stone, C. A. Kendall, 
Gloucestershire Hospitals NHS Foundation Trust (United 
Kingdom)

Purpose: Histopathology provides the gold standard assessment 
of tissue biopsies from colonoscopy. Infrared spectroscopy can 
potentially map biochemical changes across a tissue section 
distinguishing between different disease states. This could aid the 
pathologist or lead to automated histopathological processing. The 
purpose of this study was to determine relative changes in biochemical 
composition in different colorectal pathologies using infrared 
spectroscopy. 

Methods: Tissue biopsies taken at colonoscopy were snap frozen. 10 
micron thick sections were mounted on CaF2 slides and thawed to 
room temperature. 3-D spectral datasets (2 spatial dimensions and 
one spectral) were obtained from specimens using a Perkin Elmer 
infrared imaging system in transmission mode. Contiguous tissue 
sections stained with H&E were reviewed by a senior Consultant 
Pathologist for comparison. Reference spectra from pure biochemicals 
(Sigma-Aldridge) were measured. These were compared to the tissue 
spectra by calculating the dot product. This provided a correlation 
estimate between the tissue and the biochemical spectra, the results 
displayed as a pseudocolour image. In addition, ordinary least squares 
analysis was used to estimate the relative proportions of biochemical 
constituents from regions of interest.

Results: Biochemical dot product correlation maps were obtained 
for 5 different colorectal pathologies; normal, hyperplastic polyps, 
adenomatous polyps, cancer and ulcerative colitis. Varying 
distributions and proportions of DNA, glycogen, lipids and proteins 
were illustrated when comparing different tissue types.

Conclusion: Infrared spectroscopy provides biochemical information 
about different colorectal pathologies. This information may aid the 
diagnosing pathologist and help develop automated histopathological 
processing.

8087-23, Session 6

Development of optical fiber head probes 
for infrared endoscopic medical diagnosis
M. Brandily, B. Bureau, C. Boussard-Pledel, Univ. de Rennes 1 
(France); O. Loreal, l’Hôpital Pontchaillou (France); V. Monbet, 
J. Lucas, Univ. de Rennes 1 (France)

Fiber evanescent wave spectroscopy (FEWS), exploring the mid-
infrared domain, is sensitive to the molecular composition of biological 
samples (tissue, blood ...). FEWS coupled to chalcogenide glass fiber 
has proved to be a powerful technology for the study of biomedical 
samples, in particular for the detection of foodborne pathogens in 
the food processing industries and for non invasive diagnosis in the 
medical domain. Recent important progress in the quality and the 
design of chalcogenide fibers have enabled to obtain optical fiber 
with a miniaturized head-probe which can be used for endoscopic 
measurements. Chemometric methods, such as PCA and PLS, allowed 
to differentiate between, for instance, healthy and non healthy tissue 
on human body biological liquid. Thus, FT-IR spectroscopy carried 
out with chalcogenide optical fiber is becoming an efficient tool for 
physician.

8087-24, Session 6

Identification of dysplastic cervical cells 
in unstained Pap smear slides using light 
scattering spectroscopy
K. Lane, M. Hunter, E. Cibas, I. Georgakoudi, Tufts Univ. 
(United States)

The Papanicolaou smear has led to significant decreases in the 
mortality associated with cervical cancer in the developed countries 
where it has been used as a screening tool. However, its performance 
varies widely and its use has been limited in developing countries, 
which lack predominantly the trained personnel needed to perform and 
evaluate the test. In this study, we evaluated the use of light scattering 
spectroscopy as a method to identify pre-cancerous cells within 
unstained Pap smear slides. We used specimens from two normal 
patients and two patients with high grade squamous intraepithelial 
lesions (HSILs) and we evaluated a total of 15 normal and 13 abnormal 
cells, 7 of which were classified as HSIL. We acquired light scattering 
spectra in the 450 to 710 nm range using focused linearly polarized 
illumination. Backscattered light was collected along the parallel and 
perpendicular polarization directions relative to the incident light and 
the differential intensity was examined in detail. We found that there 
were significant differences both in the intensity and the wavelength 
dependence in the light scattering spectra acquired from normal 
and pre-cancerous cells. Using both logistic regression and principal 
component analysis approaches to characterize these differences, we 
were able to classify correctly 13 out of 15 normal cells and 10 out of 
13 abnormal cells. All 7 HSILs were classified correctly. Therefore, light 
scattering spectroscopy could offer a simple, automated approach for 
evaluating Pap smear slides.

8087-25, Session 6

Fluorescence lifetime imaging endoscopy
G. T. Kennedy, I. H. Munro, S. Coda, A. J. Thompson, Imperial 
College London (United Kingdom); B. Viellerobe, F. Lacombe, 
Mauna Kea Technologies (France); A. Thillainayagam, M. A. 
A. Neil, G. W. Stamp, D. S. Elson, C. Dunsby, P. M. W. French, 
Imperial College London (United Kingdom)

We describe fluorescence lifetime imaging (FLIM) endoscopes being 
developed for in vivo applications. For depth-resolved imaging with 
subcellular resolution, we employ a proximally scanned imaging fibre 
bundle probe and time correlated single photon counting to implement 
confocal FLIM endomicroscopy. This has been applied to image 
Förster resonance energy transfer (FRET) in live cells and has been 
developed into a compact portable instrument for clinical applications. 
For tissue screening and guided biopsy applications, we have 
developed portable wide field imaging FLIM endoscopes for handheld 
operation.

8087-26, Session 7

Nano-sensitizers for multi-modality optical 
diagnostic imaging and therapy of cancer
M. C. Olivo, National Univ. of Ireland, Galway (Ireland) and 
Royal College of Surgeons Ireland (Ireland) and National Univ. 
of Singapore (Singapore)

We report novel nano-sensitizers as specific oral cancer optical probes 
for the detection and monitoring of cancer progression in a orthotopic 
tumor model using advanced state-of-the-art multi-modality in-vivo 
optical imaging technology such as in-vivo 3D confocal fluorescence 
endomicroscopic imaging, optical coherence tomography (OCT) with 
improved optical contrast using nano-gold and Surface Enhanced 
Raman Scattering (SERS) based imaging and bio-sensing. These 
techniques can be used in tandem or independently as in-vivo optical 
biopsy techniques to specifically detect and monitor oral cancer 
cells in-vivo. These nano-sensitisers can also act as tumour specific 
therapeutic photosensitizers for photodynamic therapy of oral cancer 
coupled with additional photothermal effects rendered by plasmonic 
heating effects of gold nanoparticles. This nanosensitizer based optical 
biopsy imaging technique has the potential to provide an alternative 
to tissue biopsy and will enable clinicians to make real-time diagnosis, 
determine surgical margins during operative procedures and perform 
targeted treatment of oral cancer.
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8087-27, Session 7

Monte Carlo simulation for cerebral 
structure detection by using diffuse optical 
imaging
C. Chuang, C. Lee, C. Chen, National Taiwan Univ. (Taiwan); Y. 
Hsieh, C. Wang, National Chiao Tung Univ. (Taiwan); C. Sun, 
National Yang-Ming Univ. (Taiwan)

The techniques of CT and MRI are the most commonly used 
instrumental aids in the diagnosis of dementia and Alzheimer’s 
disease. Besides, optical imaging of the brain is a rapidly growing 
field because it has attracted considerable interest recently due to 
a number of theoretical advantages in comparison with other brain 
imaging modalities. The near-infrared light is moderately absorbed 
by water, hemoglobin, and other significant body substances and 
thus can penetrate several centimeters inside the human brain. 
Brain atrophy is concomitant with Alzheimer’s disease and other 
degenerative dementias, therefore, the difference of optical properties 
between normal subjects and patients, who with brain atrophy such 
as dementia and Alzheimer’s disease, can indicate the status of brain 
structure. In our study, the photon migration in human brain of the 
normal adult and Alzheimer’s subjects with various source-detector 
separations are analyzed based on time-resolved three-dimensional 
Monte Carlo simulation. The whole brain MRI structure image is 
introduced as modeling in simulation. The three-dimensional brain 
model consists of scalp, skull, CSF layer, gray matter, and white 
matter. The backscattered diffuse photons from each layer in brain 
are recorded by marking the deepest layer for brain status analysis. 
The expanded CSF layer affects the behavior of photon migration as 
waveguide effect thus the detected light distribution on brain surface 
implies the significant difference between normal adult and Alzheimer’s 
subjects.

8087-28, Session 7

Dynamic changes in skin chromophore 
concentrations and skin temperatures 
using hyperspectral and thermal imaging 
techniques
H. J. Noordmans, J. H. Klaessens, R. de Roode, R. M. 
Verdaasdonk, Univ. Medical Ctr. Utrecht (Netherlands)

Assessing pathologic or physiologic conditions of tissue can be a 
challenging task, normally determined by visual inspection or with 
point measurements over time. With the advent of hyper-spectral 
and thermal imaging techniques it has become possible to study 
physiologic changes in a quantitative way.

 

Materials and methods: A liquid crystal tunable filter of Cri Inc. in 
combination with a monochrome camera of PixelFly QE is used 
to create hyper-spectral scans of tissue. By letting the filter switch 
between 4-5 wavelengths, a hyper-spectral cube with dimensions 
696x512 (pixels) x n (wavelengths) is acquired repeatedly over time 
generating a series of hyper-spectral cubes. Then, for each spatial 
and time point it is determined how much oxy-hemoglobin or deoxy-
hemoglobin is present in the reflection spectrum. A thermocamera 
from FLIR with a resolution of 640x480 has been used to capture 
thermographic pictures over time.

Application 1: Focus of epilepsy

An epilepsy patient had recurring seizures every five minutes with 
tonic spasms in one hand, continuing for 24 hours a day. MR images 
and intracranial EEG recordings demonstrated seizure onset in the 
primary motor hand area. After removing the intracranial electrode 
grid, the exposed cortex was imaged using a hyper-spectral camera 
mounted to the surgical microscope. During a 7 minute scan, groups of 
4 wavelength images were captured at 10 s interval. By calculating the 
oxy-hemoglobin concentration, a local increase of oxygen was seen 
in the motor cortex of the hand, corresponding to the intracranial EEG 
findings. 

Application 2: Assessing anesthetic block

To assess the effectiveness of a local anesthetic block, blood 

perfusion images were acquired with the hyper-spectral camera and 
skin temperature images were acquired with the IR thermal camera. 
Anesthesia was performed by administering Ropivacaine around the 
brachialis plexus. This causes nerve blocks towards the arm and hand 
resulting in dilatation of the blood vessels which induce an increase of 
blood flow and, consequently, an increase of the skin temperature and 
blood perfusion in the lower arm and hand.

Conclusion: Both hyper-spectral imaging and thermographic imaging 
are promising modalities to assess pathologic and physiologic 
conditions of tissue over time. For the next future, we want to stabilize 
and redesign the imaging systems to make them more usable for 
clinical practice.

8087-29, Session 7

Intraoperative 5-ALA fluorescence detection 
in intramedullary tumors
P. Zelenkov, I. Shevelev, A. Potapov, D. Golbin, N. Konovalov, 
A. Gousha, A. Nazarenko, J. Kuszel, D. Rotin, N.N. Burdenko 
Neurosurgical Institute (Russian Federation); S. G. Kuzmin, 
State Research Ctr. NIOPIK (Russian Federation); V. B. 
Loschenov, P. N. Grachev, T. Saveljeva, A. M. Prokhorov 
General Physics Institute (Russian Federation)

Background: fluorescence guidance with 5-ALA is an established 
method for resection of malignant brain gliomas. However, little is 
known about utility of this method in surgery of intramedullary tumors. 

Methods: 13 patients with cervical and thoracic intramedullary tumors 
were studied. Prior to surgery patients were administered with 5-ALA 
20 mg/kg per os. 5-ALA-induced PPIX fluorescence was visually 
detected using blue light and fluorescence filter and quantitatively 
measured by laser spectroscopy. Ratio of tumor/normal spinal cord 
fluorescence was calculated. Tumor morphology was confirmed 
immunohistochemically.

Results: Morphological pattern included 9 ependymomas, 3 pilocytic 
astrocytomas, 1 glioblastoma. Bright visible fluorescence was 
observed in 8 of 9 ependymomas with tumor/normal cord ratio of 10 
to 34. Although no visible fluorescence was found in 1 ependymoma, 
laser spectroscopy showed fluorescence ratio of 11 and histology 
revealed hemorrhagic infiltration of the tumor that could diminish 
visible fluorescence. Small tumor remnants were revealed with 
fluorescence in 2 cases after ependymoma removal. In pilocytic 
astrocytomas, 1 of 3 showed moderate visible fluorescence with ratio 
up to 10. Highest fluorescence intensity was found in glioblastoma with 
ratio up to 42. 

Conclusions: Intramedullary ependymoma accumulates PPIX following 
5-ALA administration as well as glioblastoma and some pilocytic 
astrocytomas. Intensity of fluorescence enables visual intraoperative 
detection of tumor tissue. 5-ALA-induced fluorescence guidance may 
be a helpful modality in surgery of intramedullary tumors.

8087-30, Session 8

Raman, FTIR and CARS microspectroscopy 
for detection of brain metastasis
N. Bergner, Institut für Photonische Technologien e.V. 
(Germany); B. F. M. Romeike, Universitätsklinikum Jena 
(Germany); R. Reichart, R. Kalff, Friedrich-Schiller-Univ. Jena 
(Germany); T. Meyer, Institut für Photonische Technologien 
e.V. (Germany); B. Dietzek, J. Popp, Institut für Photonische 
Technologien e.V. (Germany) and Friedrich-Schiller-Univ. Jena 
(Germany)

Vibrational spectroscopy methods are novel tools to visualise chemical 
component in tissue without staining. Among the most frequently 
used technique is the Fourier transform infrared (FTIR) spectroscopy. 
FTIR images recorded with a FPA detector have been demonstrated 
to identify the primary tumours of brain metastases (Krafft, Shapoval 
et al. 2006). However, the strong absorption of water makes it difficult 
to transfer the results to nondried tissues. Raman spectroscopy 
with near infrared excitation can be used instead and allows to 
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collect the chemical fingerprint of native specimens. Therefore, 
Raman spectroscopy is a promising tool for tumour diagnosis in 
neurosurgery. The specific fingerprint region of the Raman spectra 
allows distinguishing between tumour and non tumour brain tissue 
(Krafft, Sobottka et al. 2005). Further progress is can be expected 
using nonlinear spectroscopic imaging methods such as coherent anti-
Stokes Raman spectroscopy (CARS) that enables to obtain pathologic 
information in video rate (Meyer, Bergner et al. 2010). Scope of the 
study is to compare FTIR, Raman and CARS images to visualize the 
tumour border and identify spectral features for classification. 

Materials and Methods: Brain metastases were obtained from patients 
undergoing surgery at the university hospital. Brain tissue sections 
were shock frozen, cryosectioned, dried and the same areas were 
imaged with all spectroscopic method. To visualise the chemical 
components, multivariate statistical algorithms were applied for 
data analysis. Furthermore a classification model was trained using 
supervised algorithm to predict a diagnosis.

Results: Brain tumors are characterized by decreased spectral 
contributions of haemoglobin, lipids and cholesterol. All techniques 
are able to visualize the tumour border. This additional information can 
be an important decision support for the neurosurgeons. Supervised 
algorithm (LDA, SVM) shows that FTIR and Raman spectroscopy are 
able to predict the primary tumour of a carcinoma of unknown primary 
(CUP).

Conclusion: In the future, Raman spectroscopy and CARS microscopy 
will be extended to a larger number of tumor types, which allows a fast 
ex vivo diagnosis of non-dried tissue samples directly in the operating 
theater. Furthermore both methods can be transferred to an in vivo 
situation.

Acknowledgements: Financial support of the European Union via the 
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8087-31, Session 8

Fluorescence wavelength-time matrix 
acquisition for biomedical tissue 
diagnostics
W. R. Lloyd III, R. H. Wilson, L. Chen, Univ. of Michigan (United 
States); G. D. Gillispie, Fluorescence Innovations, Inc. (United 
States); M. Mycek, Univ. of Michigan (United States)

A specialized transient digitizer system was developed for 
spectroscopic collection of fluorescence wavelength-time matrices 
(WTMs) from biological tissues. The system is compact, utilizes fiber 
optic probes for clinical compatibility, and offers rapid collection of 
high signal-to-noise ratio (>100) time- and wavelength- resolved 
fluorescence. Wavelength-resolved measurement range is 300-800 
nm with ≥ 0.01 nm steps. Time-resolved measurement depth is 128 
ns with fixed 0.2 ns steps. At each selected emission wavelength, 
a time-resolved decay curve is measured and the resultant data set 
constitutes a fluorescence WTM. The system is compatible with 
excitation sources operating in excess of 25 kHz. For multi-fluorophore 
samples, measuring time-resolved decays at different wavelengths 
enables advanced analysis via lifetime fitting, as relative fluorophore 
contributions to total fluorescence decay change with wavelength. 
Advantages to employing the system for tissue diagnostics are the 
compact table-top footprint (~30 cm x 60 cm), ease of use, rapid 
collection speeds, and high signal-to-noise, information-rich data, 
enabling non-invasive and quantitative sensing. WTM measurements 
on tissue simulating phantoms with realistic human tissue properties 

are discussed, illustrating the ability of the instrument to resolve 
exogenous or endogenous fluorescence from multiple fluorophores in a 
clinical or tissue-engineered sample for optical tissue diagnostics and/
or monitoring.

8087-32, Session 8

Imaging of experimental rheumatoid 
arthritis using a new polymer-conjugated 
NIR-dye
B. Ebert, C. Weissbach, T. Dziekan, J. Voigt, R. Macdonald, 
Physikalisch-Technische Bundesanstalt (Germany); I. 
Gemeinhardt, Charité Universitätsmedizin Berlin (Germany); 
K. Licha, P. Welker, J. Berger, M. Schirner, mivenion GmbH 
(Germany)

We applied optical imaging as an emerging modality for the detection 
of inflammation without ionizing radiation. Newly developed optical 
imaging probes consisting of a targeting carrier molecule and a 
near-infrared (NIR) fluorescent dye were used for a more specific 
demarcation of inflamed regions following a molecular imaging 
approach. Fluorescent dyes absorbing and emitting light in the NIR 
spectral range are advantageous due to the relative transparency of 
tissue and blood compared to visible light. Collagen-induced arthritis 
(CIA) in rats, an accepted experimental model which includes synovitis 
and pannus formation and the inflammatory hypoxic environment 
which leads to angiogenesis, was investigated.

We have used an in-house developed device for imaging of rheumatoid 
arthritis in the NIR spectral range following intravenous administration 
of contrast agents. The imaging device consists of a compact light 
emitting diode (LED) emitting at  = 750 nm and an EMCCD camera 
for detection. Fluorescence images of rats were analyzed by applying 
appropriate regions of interest over the area of ankle joints. Different 
stages of inflammatory joint diseases in the experimental rat model in 
vivo were demarcated after injection of the new inflammation-targeted 
polymeric NIR contrast agent.

Imaging studies allowed the monitoring of the probe kinetics in the 
diseased animals using different i.v. doses. The application of the new 
dendritic polyglycerol sulfate, involving the NIR fluorophore ICG as a 
reactive label, resulted in clear enhancement of fluorescence intensity 
in affected joints compared to control joints. The method has the 
potential to be extended to other polymer-based targeted molecular 
NIR fluorescence probes. Since the realized conjugate employs 
components of easy chemical access and a high biotolerability, a 
translation of this imaging approach for arthritis detection in man 
and possibly a use for therapy response monitoring seems feasible 
as alternative to imaging conjugates based on biologic targeting 
molecules.

8087-33, Session 8

Dynamic multiphoton imaging of reversible 
and irreversible thermal changes in collagen 
tissues
V. A. Hovhannisyan, P. Su, C. Dong, National Taiwan Univ. 
(Taiwan)

Thermal damage of chicken dermis and tendon, bovine leg tendon, 
purified collagen from rat tail and other collagen contained tissues 
were investigated with the use of multiphoton microscopy and 
spectroscopy. Samples were heated in a temperature-controlled 
water bath at temperatures in the 18-90°C range. Femtosecond laser 
radiation (750 -820 nm) was used for second harmonic generation 
(SHG) and two-photon auto-fluorescence excitation in collagen fibers. 
SHG time-lapse imaging and analysis of intensity decay allowed to 
establish that the collagen thermal destruction depended on both 
temperature and heating time, and can be modeled by the Arrhenius 
equation. In particular, temporal dependence of SHG intensity from 
the chicken dermal collagen was single exponential during isothermal 
treatment at temperatures above 60º C. Activation energy and 
frequency factor of collagen thermal denaturation in investigated 
tissues were determined using temporal decay of the SHG intensity 
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measured at different constant temperatures. 

Furthermore, partially reversible thermal change in collagen 
morphology was registered and investigated using multiphoton 
imaging. A simple laser system and procedure were proposed for a 
real-time monitoring the collagen fiber structural modification during 
the heating within a microscopic volume of 1 nl.

8087-34, Session 8

Hyperspectral video endoscope for intra-
surgery tissue classification using auto-
fluorescence and reflectance spectroscopy
T. Arnold, M. De Biasio, R. Leitner, Carinthian Tech Research 
AG (Austria)

Video endoscopy gives physicians the ability to inspect inner regions 
of the human body using a camera and only minimal invasive optical 
instruments. It has become an every-day routine in clinics all over the 
world. State of the art video endoscopy systems use HDTV cameras 
instead of PAL/NTSC cameras. But, despite a vast literature on in-
vivo and in-vitro experiments with multi-spectral point and imaging 
instruments that suggest that additional diagnostic information is 
available in the visible spectrum, the technological evolution from 
colour to hyper-spectral video endoscopy is overdue. Up to now 
spectral imaging equipment was too slow to acquire hyper-spectral 
image stacks at reasonable video rates. Recently the availability of 
fast and versatile acousto optical tunable filters (AOTF) with switching 
times below 50 microseconds made the application of a hyper-spectral 
video endoscope technically feasible. This paper presents a hyper-
spectral video endoscopy system which utilizes a combination of 
auto-fluorescence imaging and white-light reflectance spectroscopy 
for intra-surgery tissue classification. The results of the first clinical 
study consisting of 59 cases of otolaryngoscopic examinations and 
thorax surgeries are discussed in this paper. The main focus of this 
application is the detection of tumor tissue, although hyper-spectral 
video endoscopy is not limited to cancer detection. The results show 
that hyper-spectral video endoscopy exhibits a large potential to 
become an important imaging technology for medical imaging devices 
that provide additional diagnostic information about the tissue under 
investigation.

8087-35, Session 8

Morphological and molecular analysis of the 
collagen fibers in inflammatory process
L. F. C. Carvalho, Univ. Federal do ABC (Brazil); M. Alves, São 
José dos Campos Dental School (Brazil); C. A. Soares, Univ. 
Federal do ABC (Brazil); J. D. Almeida, São José dos Campos 
Dental School (Brazil); H. da Silva Martinho, Univ. Federal do 
ABC (Brazil)

Collagen changes in lamina propria can be observed in some 
pathological process, such as chronic inflammations, and these 
changes can be seen by histological analysis, but not at the molecular 
level. This study aimed to analyze the structural changes of collagen 
resulting from inflammatory processes in oral mucosa, making 
comparative analysis between the histopathology and the Raman 
spectra. We evaluated six tissues of inflammatory fibrous hyperplasia 
(IFH) and six specimens of normal mucosa (NM), both located in 
buccal mucosa. The samples were evaluated by histopathological 
examination by two techniques: hematoxylin-eosin and Massons 
trichrome stain for morphological analysis, and Raman Spectroscopy 
for molecular analysis. The spectra obtained were converted to 
ASCII format, processed and analyzed using box plots in Minitab 
14.1 software. Histological analysis observed by both types of stains 
performed showed differences in collagen fibers, which presented as 
thin fibers and arranged in parallel direction in NM. In inflammatory 
samples collagen fibers are thick, mature and not organized. A 
comparative analysis of the spectra obtained showed differences 
in the regions of 700cm-1 (CS stretch related to cystine), 856cm-
1 (CC stretch related to proline and hydroxyproline), 920cm-1 (CC 
stretch ring proline), 1043cm-1 (proline), 1319cm-1 (CH3, CH2 twist), 
1439cm-1 (CH3, CH2 twisting), 1580cm-1 (C=C stretching), 1730 

cm-1 (?/collagen III). The inflammatory process causes degradation 
in collagen fibers, this phenomenon occur because the enzymes 
and lipoproteins affect direct the cellular matrix. All these changes 
can be related to molecular structure of collagen and is associated 
with the inflammatory process. The information concerning collagen 
fibers is observed principally by ANOVA test, and 856cm-1, 920cm-1 
1439cm-1 regions achieved a better results for separation the samples. 
get a better intensity discrimination. We conclude that molecular 
analysis of samples of NM and IFH by Raman spectroscopy showed 
significant differences related mainly to the vibrational modes o 
proline, hydroxyproline and CH3, CH2 twisting, the level of information 
provided by morphological analysis is limited.

8087-36, Session 8

Optical spectroscopy for quantitative 
sensing in human pancreatic tissues
R. H. Wilson, M. Chandra, W. R. Lloyd III, L. Chen, Univ. 
of Michigan (United States); J. Scheiman, D. Simeone, B. 
McKenna, Univ. of Michigan Health System (United States); M. 
Mycek, Univ. of Michigan (United States)

Pancreatic adenocarcinoma has a five-year survival rate of only 6%, 
largely because current diagnostic methods cannot reliably detect 
the disease in its early stages. The currently-used diagnostic method, 
endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA), 
has a sensitivity of only 54% in the setting of chronic pancreatitis 
(inflammation). Therefore, there is a clinical need for a technique to 
reliably detect pancreatic cancer and distinguish the disease from 
chronic pancreatitis. Optical spectroscopy has shown significant 
promise for in vivo tissue diagnostics in other organs. Here, we 
present the results of a study to examine the potential of reflectance 
and fluorescence spectroscopy to assist with cancer diagnostics 
in the human pancreas. The first collection of wavelength-resolved 
reflectance and fluorescence spectra and time-resolved fluorescence 
decay curves from human pancreatic tissues (normal pancreas, chronic 
pancreatitis, adenocarcinoma) was acquired with clinically-compatible 
instrumentation from patients undergoing pancreatic surgeries at the 
University of Michigan (U-M) Medical Center within 30 minutes of 
surgical excision. Mathematical models of reflectance and fluorescence 
extracted parameters related to tissue morphology and biochemistry 
that were statistically significant for distinguishing between pancreatic 
tissue types. These parameters included a nuclear enlargement factor, 
the total hemoglobin concentration, and the fractional contribution 
of extracellular collagen to the intrinsic fluorescence. The modeling 
results suggested that reflectance and fluorescence have the potential 
to provide quantitative, minimally-invasive means of distinguishing 
pancreatic adenocarcinoma from normal pancreatic tissue and 
chronic pancreatitis. The findings of this study suggest that optical 
spectroscopy has the potential to assist with detection of pancreatic 
disease in a clinical setting.

8087-37, Session 8

Near-infrared Raman spectroscopy for 
detection of gastric cancer peritoneal 
dissemination in vivo
J. Ma, Ocean Univ. of China (China); W. Mao, Qingdao Univ. 
(China); M. Xu, L. Gong, Y. Gao, R. Zheng, Ocean Univ. of 
China (China)

The nude mice injected with human gastric cancer cells (SGC-7901) 
in their peritoneums were chosen as the animal models of gastric 
cancer peritoneal dissemination in this research. The Raman spectra 
at 785nm excitation of both these nude mice which were in different 
tumor planting periods and the normal counterpart were taken in vivo 
in the imitate laparotomy. 205 spectra were collected. The spectra of 
different tissue types were compared and classified by Support Vector 
Machine (SVM) algorithm. The results showed significant differences 
between normal and malignant tissues. The gastric cancer foci had 
lower Raman intensities at 870, 1330, 1450, and 1660cm-1, but 
higher at 1007, 1050, 1093 and 1209cm-1, compared with normal 
tissues. Additionally, the spectra of malignant tissues had two peaks 
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around 1330 cm-1 (1297cm-1 and 1331cm-1), while the spectra of 
normal tissues had only one peak (1330cm-1). The differences were 
attributed to the intensities of the stretching bands of the nucleic 
acid, protein and water. These features could be used to diagnose 
gastric cancer. The Support Vector Machine (SVM) algorithm was 
used to classify these spectra. For normal and malignant tissues, 
the sensitivity, specificity and accuracy were 95.73%, 70.73% and 
90.73%, respectively, while for different tumor planting periods, they 
were 98.82%, 98.73% and 98.78%. The experimental results show 
that Raman spectra differ significantly between cancerous and normal 
gastric tissues, which provides the experimental basis for the diagnosis 
of gastric cancer by Raman spectroscopy technology. And SVM 
algorithm can give the well generalized classification performance 
for the samples, which expands the application of mathematical 
algorithms in the classification.

8087-38, Session 9

Diagnostics and treatment of tumours using 
laser techniques
K. Svanberg, Lund Univ. Hospital (Sweden)

Applications of optical and laser spectroscopy to the medical field, 
including photodynamic therapy (PDT) and laser-induced fluorescence 
diagnostics (LIF) for cancer treatment and diagnostics, respectively, 
will be presented. Photodynamic therapy in conjunction with LIF 
for demarcation of the treatment target area will be discussed. To 
overcome the limited light penetration in superficial illumination 
interstitial delivery (IPDT) with the light transmitted to the tumour via 
optical fibres has been developed. Interactive feed-back dosimetry 
is of importance for optimising this modality and such a concept has 
been developed and will be presented. Special emphasis will be on 
prostate cancer therapy with interstitial PDT. 

The most important prognostic factor for cancer patients is early 
tumour discovery. If malignant tumours are detected during the non-
invasive stage, most tumours show a high cure rate of more than 
90%. There is a variety of conventional diagnostic procedures, such 
as x-ray imaging. More advanced results are given in computerised 
investigations, such as CT-, MRI- or PET-scanning. Laser-induced 
fluorescence (LIF) for tissue characterisation is a technique that can 
be used for monitoring the biomolecular changes in tissue under 
transformation from normal to dysplastic and cancer tissue before 
structural tissue changes are seen at a later stage. The technique is 
based on UV or near-UV illumination for fluorescence excitation. The 
fluorescence from endogenous chromophores in the tissue alone, or 
enhanced by exogenously administered tumour seeking substances 
can be utilised. The technique is non-invasive and gives the results 
in real-time. LIF can be applied for point monitoring or in an imaging 
mode for larger areas, such as the vocal cords or the portio of the 
cervical area. The possibility to combine LIF and PDT will be discussed 
and illustrated with clinical examples from many specialities, such as 
dermatology, gynaecology and laryngology. 

A new method where free gas (oxygen or water vapour) in the human 
sinus cavities is detected will be described. The technique is based on 
gas absorption spectroscopy in scattering media. The method can also 
be used to study the gas exchange in between the nasal cavity and the 
different sinuses in the facial region.

8087-39, Session 9

Determination of chromophore 
concentrations from spatially resolved skin 
measurements
S. Andree, I. Gersonde, J. Helfmann, Laser- und Medizin-
Technologie GmbH, Berlin (Germany)

Spectrally and spatially resolved skin measurements are presented. A 
Monte Carlo-based lookup table is used to infer optical parameters. 
Tissue layer structure is accounted for by using appropriate distance 
ranges to determine optical parameters. The effect of chemical 
environment on beta-carotene extinction is investigated.

8087-40, Session 9

Hyperspectral characterization of 
bioploymer diffusion in human skin
J. E. Hernandez-Palacios, Univ. of Oslo (Norway); I. J. Haug, 
Norwegian Univ. of Science and Technology (Norway); 
Ø. Grimstad, Univ. Hospital of Trondheim (Norway); L. L. 
Randeberg, Norwegian Univ. of Science and Technology 
(Norway)

Hyperspectral imaging is an imaging modality which combines imaging 
and spectroscopy. The objectives of this study were to investigate if 
hyperspectral fluorescence imaging is a suitable tool for monitoring 
diffusion of macromolecules in ex vivo human skin, and to identify if the 
present camera design is well suited for such applications. The camera 
was specially constructed for situations with low photon counts based 
on the design of the VNIR 1600 camera (Norsk Elektro Optikk AS). Four 
skin samples from patients undergoing abdominoplasty were used. 
One sample was left untreated and three different fluorescent solutions 
were applied to the epidermal side of the remaining skin samples 
(Alexa488 and Alexa532, with and without biopolymers). The samples 
were incubated for 48 hours to allow for drug diffusion and then 
stored (4 ºC) until the measurements. Fluorescence was measured on 
skin cross sections, using a laser source for excitation (488/514 nm). 
Fluorescence profiles were extracted from the images as a function 
of depth into the sample. The results prove that the current camera 
is capable of gathering high quality data even with weak fluorescent 
signals, and that such measurements can be used for extracting 
information about diffusion properties. Further work will include 
additional measurements and a more thorough theoretical analysis.

8087-41, Session 9

Non-invasive imaging of skin cancer using 
two photon microscopy with fluorescence 
lifetime imaging
R. Patalay, C. B. Talbot, I. H. Munro, Imperial College London 
(United Kingdom); H. G. Breunig, K. Koenig, JenLab GmbH 
(Germany); Y. Alexandrov, S. Warren, M. A. Neil, P. M. W. 
French, A. Chu, Imperial College London (United Kingdom); 
G. W. Stamp, The Royal Marsden NHS Foundation Trust 
(United Kingdom); C. Dunsby, Imperial College London (United 
Kingdom)

We explore the potential of multispectral fluorescence lifetime imaging 
(FLIM) using two photon microscopy as a non-invasive technique 
for the diagnosis of skin lesions. Cells contain fluorophores such as 
elastin, keratin, collagen, FAD and NADH. This endogenous contrast 
allows cells to be imaged without the addition of exogenous contrast 
agents and allows the in vivo state of cells and tissues to be studied.

A modified DermaInspect® multiphoton tomography system was used 
to excite autofluorescence at 760nm in vivo and on freshly excised 
ex vivo tissue. This instrument simultaneously acquires fluorescence 
lifetime images in four spectral channels between 380-700 nm 
using time-correlated single photon counting and can also provide 
hyperspectral images. The multispectral fluorescence lifetime images 
were spatially segmented and binned to determine lifetimes for each 
cell by fitting to a double exponential lifetime model. 

A comparative analysis between the cellular lifetimes from different 
diagnoses is presented, using a range of techniques and statistical 
methods. The diagnostic value of using multi-spectral FLIM with four 
spectral channels will also be discussed.

8087-42, Session 10

Differentiation of eumelanin and 
pheomelanin in skin lesions using transient 
absorption microscopy
M. C. Fischer, T. Matthews, M. J. Simpson, I. Piletic, M. Selim, 
W. Warren, Duke Univ. (United States)
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Nonlinear microscopies (most commonly, two-photon fluorescence, 
harmonic generation, and coherent anti-Stokes Raman scattering) 
have had notable successes in imaging a variety of endogenous and 
exogenous targets in recent years. These methods generate light at a 
color different from any of the exciting laser pulses, which makes the 
signal relatively easy to detect. Our work has focused on developing 
microscopy techniques using a wider range of nonlinear signatures. 
Here we describe a technique that can access transient absorption - a 
general term that includes, more specifically, multi-photon absorption, 
excited state absorption, and ground state depletion. In general, these 
signatures do not generate light at a different color and we rely on the 
advantages of femtosecond laser pulse shaping methods to amplify 
the signals and make them visible (for example, using heterodyne 
detection of the induced signal with one of the co-propagating laser 
pulses). This technique combines the wide range of absorptive 
contrast (electronic or vibrational) with the advantages of nonlinear 
microscopy, such as increased scattering immunity, sectioning 
capability, and increased penetration depth. As a first demonstration 
we have shown that we can image hemoglobin and its oxygenation in 
live animals. Most recently, we have shown that we can differentiate 
between different types of melanin in pigmented skin lesions. We have 
imaged the microscopic distribution of eumelanin and pheomelanin 
in a variety of tissue samples and have found that melanomas tend 
to be more melanized, contain more eumelanin, and have chemically 
heterogeneous melanin distributions than benign lesions. In this 
contribution we describe our experimental setup to image transient 
absorption in tissue, present results on the comparison of different 
type of skin lesions, and report on progress towards developing a 
clinically relevant diagnostic imaging modality.

8087-43, Session 10

In vivo morphologic and spectroscopic 
investigation of psoriasis
D. Kapsokalyvas, R. Cicchi, N. Bruscino, Univ. degli Studi 
di Firenze (Italy); D. Alfieri, Light4tech Firenze S.r.l. (Italy); D. 
Massi, T. Lotti, F. S. Pavone, Univ. degli Studi di Firenze (Italy)

Psoriasis is an autoimmune disease of the skin characterized by 
hyperkeratosis, hyperproliferation of the epidermis, inflammatory 
cell accumulation and increased dilatation of dermal papillary blood 
vessels. Cases of psoriasis were investigated in vivo with optical 
means in order to evaluate the potential of in vivo optical biopsy. 
A Polarization Multispectral Dermoscope was employed for the 
macroscopic observation. Features such as the ‘dotted’ blood vessels 
pattern was observed with high contrast. High resolution image 
sections of the epidermis and the dermis were produced with a custom 
made Multiphoton Microscope. Imaging extended from the surface 
of the lesion down to the papillary dermis, at a depth of 200 µm. In 
the epidermis, a characteristic morphology of the stratum corneum 
found only in Psoriasis was revealed. Additionally, the cytoplasmic 
area of the cells in the stratum spinosum layer was found to be 
smaller than normal. In the dermis the morphological features were 
more pronounced, where the elongated dermal papillae dominated 
the papillary layer. Their length exceeds 100µm, which is a far greater 
value compared to that of healthy skin. These in vivo observations are 
consistent with the ex vivo histopathological observations, supporting 
both the applicability and potentiality of multispectral dermoscopy and 
multiphoton microscopy in the field of in vivo optical investigation and 
biopsy of skin.

8087-44, Session 10

In vivo TPEF-SHG microscopy for detecting 
collagen remodeling after laser micro-
ablative fractional resurfacing treatment
R. Cicchi, D. Kapsokalyvas, M. Troiano, P. Campolmi, C. 
Morini, T. Lotti, F. Pavone, Univ. degli Studi di Firenze (Italy)

Second-harmonic generation and two-photon excited fluorescence 
microscopy were used in combination in the same optical system for 
in-vivo imaging. This work aimed at detecting collagen remodeling 
and reorganization in living subjects following laser micro-ablative 
fractional rejuvenation treatment. Treated regions in the forearm of 

volunteers covering a wide age range were imaged with two-photon 
microscopy before and after the treatment. A strong age-dependence 
of the treatment effectiveness was found, demonstrating a negligible 
effect in very young subjects (age < 30 years) face to a significant 
synthesis of new collagen in the most aged subjects ( age > 70 years). 
The amount of newly synthesized collagen as well as its organization 
were evaluated by means of both visual examination of two-photon 
images and two image analysis methods, respectively based on 
second-harmonic to autofluorescence ageing index of dermis (SAAID) 
scoring and on grey-level co-occurrence matrix (GLCM) analysis. The 
obtained results demonstrate the performance of laser fractional micro 
ablative rejuvenation without the need of an invasive biopsy as well as 
the wide applicability range of applications for multiphoton microscopy 
in clinical dermatology.

8087-45, Session 11

Toward clinically relevant speeds and depth 
in 3D microcirculation imaging
M. J. Leahy, Univ. of Limerick (Ireland)

In recent years the ability to capture exquisite high resolution images 
of the microcirculation has become available in research labs [1]. 
Clinically deployment depends on their ability to address an unmet 
clinical need and clinically important events often happen over periods 
of seconds; heart beat, breathing, endothelial dependent and other 
forms of vasomotion. However, these instruments generally take 
several hours to render 3D images of the microcirculation and often 
the images require significant ‘touch-up’. The microvascular bed is a 
living and dynamic system where flow can change 100-fold and vessel 
diameter can change enormously in response to metabolic and other 
requirements. Indeed with the resolution now possible, one can see 
vessels appear and disappear (collapse), since many smaller vessels 
especially in the skin are normally closed. 

Recently, we have developed an number of techniques aimed at 
imaging the microcirculation in two (TiVi) [2] and three dimensions 
(cross-correlation OCT and an absorption-based tomographic system) 
[3,4] which we hope will provide imaging at clinically useful speeds and 
depths. This paper will introduce these techniques and highlight the 
challenges which currently prevent 3D microcirculation at sub-second 
speeds.

1. Microcirculation Imaging. (Wiley-VCH), Leahy, M.J. editor, 2011.

2. O’Doherty, J., McNamara, P.M., Fitzgerald, B.W. and Leahy, M. J., 
Dynamic microvascular responses with a high speed TiVi imaging 
system J. Biophotonics 1-5 (2010)

3. Jonathan, E. Enfield, J., and Leahy, M.J. 2010. Correlation mapping 
method for generating microcirculation morphology from optical 
coherence tomography (OCT) intensity images. J. Biophotonics 
(published online 17 December 2010). 

4. McNamara, P.M., Jonathan, E., O’Connell, M. and Leahy, M. J. 
Development of an absorption-based tomographic system for mapping 
the human microvasculature, SPIE BiOS Photonics West 2011 Oral, 
Proceedings of SPIE [7898 49].

The authors would like to acknowledge the support of the IRCSET 
(Irish Research Council for Science, Engineering & Technology) for 
funding this project. This research was also supported by the National 
Biophotonics Imaging Platform (NBIP) Ireland funded under the Higher 
Education Authority PRTLI Cycle 4, co-funded by the Irish Government 
and the European Union - Investing in your future.

8087-46, Session 11

Characterization of atherosclerotic plaque-
depositions by infrared, Raman, and CARS 
microscopy
C. Matthäus, G. Bergner, C. Krafft, Institut für Photonische 
Technologien e.V. (Germany); B. Dietzek, Friedrich-Schiller-
Univ. Jena (Germany); B. Brehm, B. F. M. Romeike, 
Universitätsklinikum Jena (Germany); J. Popp, Institut für 
Photonische Technologien e.V. (Germany) and Friedrich-
Schiller-Univ. Jena (Germany)
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Arterial plaque-depositions that are associated with atherosclerosis 
are mainly composed of proteoglycans, triglycerides, cholesterol, 
cholesterol-ester and crystalline calcium. From histopathological 
characterizations it is known that the composition of these plaques 
can vary to a great extent, and is likely to be related to various 
cardiovascular diseases, nutrition and/or medication. The individual 
plaque components can be spectroscopically easily identified. 
Furthermore, spectroscopic imaging technologies offer the 
possibility to study the plaque compositions in a more quantitative 
manner than traditional staining techniques. Here, we compare the 
potential of IR, Raman and CARS microscopy to characterize the 
constitution of atherosclerotic plaques as well as the structure of 
the surrounding tissue. For data analysis and image reconstruction 
spectral decomposition algorithms such as vertex component analysis 
(VCA) were introduced. The results are in good agreement with the 
histopathology. Aim of the study is to correlate the compositional 
characteristics of atherosclerotic plaques with individual disease 
patterns.

Acknowledgements: Financial support of the European Union via the 
“Europäischer Fonds für Regionale Entwicklung” (EFRE) and the “ 
Thüringer Ministerium für Bildung, Wissenschaft und Kultur” (project: 
B714-07037) is highly acknowledged.

8087-47, Session 12

Novel fiber tip sensor for pH measurement 
in gastroesophageal apparatus
F. Baldini, G. Ghini, A. Giannetti, F. Senesi, C. Trono, Istituto di 
Fisica Applicata Nello Carrara (Italy)

Subject of the present paper is the design, manufacture and 
characterization of a novel optical fiber sensor for the continuous 
measurement of pH in the gastro-oesophageal apparatus. 
Requirements coming for physicians for this type of application are: 
pH range between 1 and 8 pH units, accuracy better than or equal to 
0.1 pH units; response time less than 40 s. One single pH indicator, 
methyl red, was used to cover the full range of interest, covalently 
immobilised on controlled pore glass (CPG) with pore size of 700 Å. 
The novel fiber tip sensor is constituted by two plastic optical fibers, 
one connected to the optical source and the other one coupled to the 
photodetector. The distal end of each fiber is cut at an angle capable 
to assure the total reflection of the optical radiation and the CPG with 
immobilized methyl red are immobilized on the lateral external surface, 
by a procedure previously developed: the plastic fibers were heated 
up to their softening point (roughly 80 °C) and the CPG were pressed 
on them in order to form a thin pH-sensitive layer. In this way the light 
guided by the input fiber is totally reflected at its end, is modulated 
by pH values crossing the CPG layer and, after the total reflection at 
the second fiber tip, is coupled back to the output fiber and sent to a 
spectrophotometer. An halogen lamp is used as optical source. Both 1 
mm and 0.25 mm plastic optical fibres were used. Using the smallest 
fibres, the diameter of the full probe is of the order of 0.5 mm, well 
below the dimensions of the glass microelectrodes actually used for 
gastric pH measurements.

8087-48, Session 12

Transmural differences in myocardial 
oxygen extraction estimated by quantitative 
diffuse reflectance spectroscopy during 
coronary bypass surgery
T. Lindbergh, Linköping Univ. (Sweden) and Linköping Univ. 
Hospital (Sweden); H. Ahn, Z. Szabó, Linköping Univ. Hospital 
(Sweden) and Linköping Univ. (Sweden); M. Larsson, T. 
Strömberg, Linköping Univ. (Sweden)

Quantitative diffuse reflectance spectroscopy (qDRS) utilizes spectral 
differences between incident and backscattered light intensity for 
quantifying tissue absorption and scattering. In qDRS, measurements 
with a calibrated spectroscopy system are input to a photon migration 
model representing the human myocardium, for estimation of 
myocardial tissue chromophore content and status. Tissue absorption 
was modeled as the sum of the vascular chromophores (hemoglobin, 

Hb), tissue chromophores (myoglobin, Mb), and cellular chromophores 
(cytochromes), all responsible for oxygen transport and cellular uptake. 
Only the sum of Hb+Mb can be determined due to spectral similarities. 
Two different fiber optical probes were used to obtain simultaneous 
recordings of surface and intramuscular spectra from human 
myocardium during coronary artery bypass grafting surgery. The 
probes were calibrated using liquid optical phantoms and an empirical 
light transport model.

The results showed that epicardial oxygen extraction was lower than 
subendocardial oxygen extraction. The effect was found to be more 
prominent during surgical phases involving cardiac arrest induced 
by aortic cross-clamping and infusion of cold crystalloid solution in 
the coronary arteries. In a majority of the cases, suboendocardial 
oxygenation were close to zero as a result of induced cardiac arrest, 
while the epicardial oxygenation remained unchanged. This indicates 
that the myocardium is subject to non-neglible subendocardial oxygen 
extraction even during surgery involving cardiac arrest. At cardiac 
arrest and the blood emptying of the heart, the fraction of Hb+Mb was 
reduced more pronounced intramuscular then at surface, indicating a 
larger blood contribution intramuscularly.

The suggested qDRS method has the potential of becoming a valuable 
tool in clinical practice, as it has the unique ability of monitoring the 
coronary vessel oxygen delivery, the myocardial mitochondrial oxygen 
uptake, and the transmural differences in the chromophores of interest.

8087-49, Session 12

Characterization of cytochrome c as marker 
for retinal cell degeneration by uv/vis 
spectroscopic imaging
J. Hollmach, J. Schweizer, G. Steiner, L. Knels, R. H. W. Funk, 
E. Koch, Technische Univ. Dresden (Germany)

Retinal diseases like age-related macular degeneration have become 
an important cause of visual loss depending on increasing life 
expectancy and lifestyle habits. Due to the fact that no satisfying 
treatment exists, early diagnosis and prevention are the only 
possibilities to stop the degeneration. 

The protein cytochrome c (cyt c) is a suitable marker for degeneration 
processes, because it is involved in the apoptotic pathway. The local 
distribution and oxidative state of cyt c in living cells allow information 
about the progression of the cell degeneration. Since cyt c exhibits 
characteristic absorption bands between 400 and 600 nm wavelength, 
uv/vis spectroscopic imaging was used for its characterization in 
retinal ganglion cells. The large amount of data, consisting of spatial 
and spectral information, was processed by multivariate data analysis. 
The challenge consists in the separation of the molecular information 
of cyt c from the background signal. Extended Multiplicative Scatter 
Correction in combination with cluster analysis was performed in 
order to identify cyt c within the spectral dataset. The obtained 
centroid spectra reveal characteristic absorption bands of cyt c as 
well as background signals. The corresponding image of the cluster 
assignment displays spots of high cyt c concentration. The results 
demonstrate that uv/vis spectroscopic imaging in conjunction with 
sophisticated multivariate methods is a suitable tool to characterize cyt 
c under in situ conditions.

8087-50, Session 12

Detection of early metabolic alterations 
in the ocular fundus of diabetic patients 
by time-resolved autofluorescence of 
endogenous fluorophores
D. Schweitzer, L. Deutsch, Friedrich-Schiller-Univ. Jena 
(Germany); M. Klemm, Technical Univ. Ilmenau (Germany); S. 
Jentsch, M. Hammer, J. Dawczynski, U. A. Müller, Friedrich-
Schiller-Univ. Jena (Germany)

Purpose: To detect metabolic alteration in ocular fundus of diabetic 
patients by objective methods before morphologic alterations are 
visible. Method: Measurements of the time-resolved autofluorescence 
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(FLIM) were performed by a modified laser scanner ophthalmoscope. 
Pulse lasers (446/468nm, 70ps, 80MHz) excite the fundus. An IR 
laser (820nm) is aplied for image registration. Autofluorescence is 
separated in channel 1(490-560nm) and channel 2(560-700nm). 
Dynamic autofluorescence is detected by time-correlated single 
photon counting. The detected fluorescence signal is a sum of 
fluorophores in all fundus layers and is 3-exponentially fitted. The 
shortest lifetime T1 corresponds to retinal pigment epithelium and the 
middle lifetime T2 to neuronal retina. The longest lifetime T3 originates 
from connective tissue and is also influenced by fluorescence of 
crystalline lens. 41 healthy subjects (mean age 55.5±21 years), 17 
diabetic patients type 1 (mean age 41.1± 14.4 years, and 65 type 2 
diabetic patients (mean age 64.4±9.3 years) were included. Results: 
In healthy subjects, most frequent parameters in ch1 were: Amplitude 
A1=88%, A2=10%, A3=2%, Lifetime T1=60 ps, T2=400 ps, T3=2.8 ns. 
In early stage of expected diabetic retinopathy, when no alterations are 
detectable at the fundus by available ophthalmologic devices, changes 
were found predominantly in ch1: A1=84%, A2=12.5%, A3=3.5%, 
T1=70ps, T2=430ps, T3=3.6ns. Differences in lifetime histograms of 
healthy subjects and diabetic patients result in information of missing 
or additional acting fluorophores in Diabetes. Conclusion: FLIM in 
ophthalmology has the potential for detection of pathologic alterations 
at cellular level and can be used for control of patient specific therapy.

8087-51, Session 12

Using 2D correlation and multivariate 
analysis combined with plasmonic 
effects to expand the use of Raman 
microspectroscopy in biomedical 
applications
M. Marro Sánchez, S. Raj, S. Rao, ICFO - Instituto de 
Ciencias Fotónicas (Spain); A. Taubes, P. Villoslada, Institut 
d’Investigacions Biomèdiques Agustí Pi Sunyer (Spain); D. 
Petrov, ICFO - Instituto de Ciencias Fotónicas (Spain)

Raman spectroscopy is a promising technique in biomedical studies 
due to its non invasive character and specificity but there are still 
some limitations that need to be overcome to set this technique as a 
really useful optical technique in biomedicine. Micro-Raman spectra 
of biomedical samples are inherently complex and weak. One of the 
ways to increase the Raman output is to use Surface Enhanced Raman 
Spectroscopy (SERS). Combining it with statistical techniques like 2D 
correlation and multivariate analysis can improve the applicability of 
Raman spectroscopy in biomedicine but it has yet not broadly used 
and their strengths have not been investigated. Specifically, to the 
best of our knowledge, this shows the first study using 2D correlation 
applied to SERS biomedical data.

Therefore, the aim of this talk is to present several examples showing 
the effective use of 2D correlation and multivariate analysis of Raman 
data obtained using SERS probes in some cutting edge biomedical 
research applications. Specifically we studied: 1) the dynamic 
measurement of pH in living cells after Photodynamic Treatment, 2) 
the changes in the SERS spectra of a single DNA molecule while 
stretching, 3) the dynamics of chemical composition in retina tissue 
when a neuroinflammation process is induced. 

The results showed great improvements in the study and diagnosis 
of the biomedical samples with Raman microspectroscopy. The 
analysis revealed useful and other-wise inaccessible information about 
the dynamics of the processes and the composition of the samples 
investigated. This suggests that the use of these statistical techniques 
is promising to use for daily biomedical research and analysis.

8087-52, Session 13

Image-based fluorescence recovery 
after photobleaching (FRAP) to dissect 
vancomycin diffusion-reaction processes in 
Staphylococcus aureus biofilms
S. Daddi Qubekka, Univ. Paris-Sud 11 (France); R. Briandet, 
INRA-AgroParisTech (France); F. Waharte, Institut Curie 

(France); M. Fontaine-Aupart, K. Steenkeste, Univ. Paris-Sud 
11 (France)

In natural environment, bacteria mainly live as structured and organised 
matrix-encased communities known as biofilms. In these communities, 
microorganisms demonstrate coordinated behaviour and are able to 
perform specific unwanted functions such as dramatic resistance to 
antimicrobials that can lead to major public health problems such as 
hospital acquired infections. It is now recognized that the appearance 
of such specific biofilm traits is intimately related to the three-
dimensional organisation of the biological edifice, and results from 
multifactorial processes involving both the physiological properties of 
microorganisms and the nature of the extracellular matrix. 

What makes antimicrobial activity in biofilms different from that in 
culture suspensions can be explored by probing the diffusion and 
reaction of antimicrobials in in situ conditions. To this aim, Confocal 
Laser Scanning Microscopy (CLSM) allowed significant advances 
in particular in deciphering the functions of the extracellular matrix. 
Recently, the emergence of fluorescence labelled antibiotics allowed 
the direct visualisation of these molecules penetration through the 
organized biostructures by time-lapse microscopy. Hence it was 
revealed that the EPS matrix was not everytime an obstacle to the 
penetration of antibiotics through the biofilm thickness while a total 
tolerance of biofilm cells to the antibiotic was observed in the same 
time. Such effect can be due to a specific physiological state of S. 
aureus cells in biofilms (e.g. biofilm related physiology, slow-growth 
or senescence), but also to local diffusion/reaction limitations of the 
antibiotic that can prevent the interaction between the drug and the 
bacterial envelop target. The framework of this study was hence to 
dissect non-invasively these molecular processes. For this purpose, 
we used an original image-based FRAP protocol developed by our 
group (image acquisition, data sorting and dedicated analysis tools), 
that can be readily applied by anyone familiar with a CLSM, and well 
adapted to study with accuracy the diffusion of molecules as small 
as antibiotics inside biofilms. The present study is related to BODIPY-
vancomycin diffusion-reaction in Staphylococcus aureus biofilms by 
reference to free BODIPY molecule. Whatever the biofilm zone which is 
photobleached, we observed a total recovery of fluorescence for free 
BODIPY. By contrast, no or partial fluorescence return was observed 
for BODIPY-vancomycin, revealing the absence of free diffusing 
antibiotic in some parts of the biofilms. This result is consistent with 
complementary measurements performed by fluorescence intensity 
imaging, fluorescence lifetime imaging and FCS which ascertained the 
interaction between the antibiotic and the targets of the cells envelope 
inside biofilms, although the molecule is biologically inactive. 

All together, this study demonstrates in situ the possible access of 
BODIPY-vancomycin to its bacterial targets in biofilms, even in the 
presence of an organic matrix. This fundamental result turns the 
mechanism of S. aureus tolerance to vancomycin toward a specific 
bacterial physiology in biofilm such as slow growth or senescence, 
biological consequences of nutrients and gas gradients through the 
biofilm matrix.

8087-53, Session 13

Time-resolved fluorescence spectroscopic 
investigation of cationic polymer/DNA 
complex formation
C. D’Andrea, A. Bassi, P. Taroni, D. Pezzoli, A. Volonterio, G. 
Candiani, Politecnico di Milano (Italy)

Gene delivery vectors can be broadly categorized into viral and non-
viral ones. Although viral vectors are most commonly used, they share 
several drawbacks, including oncogenicity. Hence, non-viral gene 
delivery systems have the potential to create viable pharmaceuticals 
from nucleic acids. This class of vectors has drawn significant attention 
and their use in clinical trials is increasing. Cationic polymer/DNA 
complexes (polyplexes) are commonly used as non-viral vehicles. 
In this context, a strong demand of analytical tools to study the 
state of DNA in polyplexes, their complexation and, hence, to better 
understand the dynamics of DNA release is increasing.

In this work, time-resolved fluorescence spectroscopy of the DNA dye 
SYBR Green I was carried out to characterize cationic polymer/DNA 
complex formation in water. Both fluorescence amplitude and lifetime 
proved to be very sensitive to polymer/DNA ratio (Charge Ratio, 

Conference 8087: Clinical and Biomedical  
Spectroscopy and Imaging II



Return to Contents TEL: +44 (0)29 2089 4747 · info@spieeurope.org 35

+/-). In particular lifetime information provides useful insight into the 
polyplex formation, as a possible monitoring of adequate shielding of 
DNA in polyplexes. Moreover, as compared to steady state methods, 
the time-resolved technique allows one to improve the quantification 
of polyplex assembling. In fact, it disentangles fluorescence lifetime 
from amplitude, while steady state techniques are only sensitive to 
fluorescence intensity. These preliminary results show that time-
resolved fluorescence spectroscopy can provide a significant support 
for the chemico-physical characterization of polyplex formation and 
disassembly. Further studies are in progress to investigate the potential 
advantages of this technique at different stages of the transfection 
process (polyplex formation and disassembly in batch, polyplex 
internalisation by cells and transfection).

8087-54, Session 13

A point-of-care system for biopsy diagnosis 
for differentiation of benign and malignant 
prostate tissue
C. E. Gerich, J. L. Opitz, S. Derenko, T. Härtling, Fraunhofer-
Institut für Zerstörungsfreie Prüfverfahren (Germany); M. 
Toma, M. Sergon, S. Füssel, Universitätsklinikum Carl Gustav 
Carus Dresden (Germany); R. Nanke, J. Fehre, Siemens 
AG (Germany); M. Wirth, G. Baretton, Universitätsklinikum 
Carl Gustav Carus Dresden (Germany); J. Schreiber, T. 
Han, Fraunhofer-Institut für Zerstörungsfreie Prüfverfahren 
(Germany); S. Lee, IM Healthcare (Korea, Republic of)

GOALS: Improving cancer diagnosis is one of the important challenges 
at this time. The precise differentiation between benign and malignant 
tissue is for the findings in biopsies of the utmost significance. A new 
diagnostic system that fa-cilitates the classification of benign and 
malignant tissue would be appreciated. After a successful feasibility 
study with a laboratory set-up a prototype was build up with the 
TCSPC measurement method. The proofed algorithms from the 
above named study with focus on the cooperative behaviour of cells 
with the ‘fractal dimension’ DF as value for the dignity of the tissue 
were optimised as well as the sensibility and the automatisation of 
the evaluation. DF is in our under-standing the slope of the non-
exponential time decay.

MATERIAL AND METHODS: 60 prostates were obtained directly after 
radical prostatectomy and from each specimen 12 punch biopsies 
were taken by means of well defined urological pattern. Time-resolved 
fluorescence spectra were re-corded for until 14 different measurement 
points for each biopsy. The pathologist evaluated each measurement 
point separately. The results of the finding and the DF-value (fractal 
dimension) were correlated for each point and then analysed with 
statistical methods.

RESULTS: Although the difficulties of the correct correlation 
(measurement point - finding) based on shrinking of the tissue the 
results supply a probability p > 90%.

CONCLUSION: This new clinical study confirms the chosen 
evaluation method of the feasibility study with similar good results. A 
standardisation of the workflow in the daily routine of a clinical centre 
could be reached.

8087-55, Session 13

Exhaled nitric oxide measurements, 
comparison between different sensors: 
impacts of technical factors
J. Mandon, Radboud Univ. Nijmegen (Netherlands); P. J. F. M. 
Merkus, Radboud Univ. Nijmegen Medical Ctr. (Netherlands); 
S. M. Cristescu, F. J. M. Harren, Radboud Univ. Nijmegen 
(Netherlands)

Exhaled nitric oxide is a useful indicator in the diagnostic and 
management of asthma in children. Until now, a lot of different sensors 
have been proposed to measure the concentration of NO in breath: 
chemiluminescence-based sensors, electrochemical analyzers and 
optical sensors based on lasers. To incorporate exhaled NO as a 

trustable routine clinical indicator, it is important to well understand all 
technical factors influencing the concentration value including: device 
used for measuring, method of collection (online or offline), time of day, 
initial NO concentration in the air, and expiratory flow rate.

In this study, we present the performance of thermoelectrically 
cooled, continuous-wave, quantum cascade laser in combination 
with wavelength modulation spectroscopy for the detection of nitric 
oxide (NO) at the sub-part-per-billion by volume (ppbv) level. Using an 
astigmatic multiple-pass absorption cell with an optical path length of 
76 m, we achieved a detection limit of 0.5 ppbv at 1 s averaging.

In the medical point of view, we show how the technical factors 
are impacting measurements. As an example, current guidelines 
recommend the online single-breath measurement at the expiratory 
flow rate of 50 mL/s. This recommendation presents a critical limitation 
in the interpretation of the exhaled NO, as a single exhalation with a 
constant exhalation flow rate doesn’t give relative contributions from 
the airways and alveoli. The present study performs simultaneous 
measurements of exhaled nitric oxide in children and adolescents with 
corticosteroid treated allergic asthma with different conditions (i.e., 
sampling devices, flow rates, time of the day).

8087-56, Session 13

Accuracy of vessel diameter estimated from 
a vessel packaging compensation in diffuse 
reflectance spectroscopy
I. Fredriksson, M. Larsson, T. Strömberg, Linköping Univ. 
(Sweden)

The spectrum of diffusely backscattered light from tissue primarily 
depends on the light absorbing chromophores and scattering particles 
confined within the sampling volume. In addition, the distribution of 
the chromophores can have a significant effect on the spectrum. This 
occurs when blood is concentrated in the vessels (vessel packaging). 
If this effect is omitted when analyzing the spectrum, estimated tissue 
parameters such as blood volume fraction and oxygen saturation will 
be incorrect.

When compensating for the vessel packaging effect in a model based 
analysis, the average vessel diameter is estimated during the fitting 
process. The estimated vessel diameter may be clinically valuable, for 
example in cancer diagnostics. Before it can be used as a clinical tool, 
its accuracy has to be evaluated, which is the aim of this paper.

The accuracy was evaluated using Monte Carlo simulations of skin 
models containing discrete blood vessels of various diameters. Optical 
properties valid for the visible wavelength range were used, and 
except for vessel diameter and vessel distribution, also other tissue 
properties such as melanin concentration and scattering properties 
were varied. Two different methods were used to compensate for 
the vessel packaging effects: a numerical method using a previously 
presented compensation factor for tissue absorption, and a new 
method based on identification of Monte Carlo simulations of varying 
vessel distributions. Both methods improved spectral fitting, and 
these are compared. The results show a promising degree of accuracy 
and continued research for using the estimated vessel diameter as a 
clinical tool is worthwhile.

8087-57, Session 13

DCT-SVM-based multi-classification of 
mouse skin precancerous stages from 
autofluorescence and diffuse reflectance 
spectra
F. Abdat, Ctr. de Recherche en Automatique de Nancy (France)

Cancer progression is characterized by morphological and functional 
modifications of biological tissues (cells and extracellular matrix 
proteins). AutoFluorescence (AF) and Diffuse Reflectance (DR) are 
sensitive to such modifications but provide spectra from which 
diagnostic information cannot be extracted straight forward. In 
order to use AF and DR as tools to diagnose cancer, dedicated data 
analysis algorithms needs to be developed including preprocessing, 
data reduction, identification and selection of discriminative spectral 
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features and classification. In previously published works, our team 
showed that discriminative spectral features could be extracted from 
a priori shape knowledge of spectra (e.g. slopes, intensity, areas under 
the curve, etc.) and that Principal Component Analysis (PCA) could be 
used to reduce the spectral data set. In this paper, we chose to base 
both feature extraction as well as reduction of the data set on Discrete 
Cosine Transform (DCT). This method replaces the initial data set on 
by another smaller one with new variables that are linear combinations 
of the initial ones. Such a method is more general than the previous 
one we used (selecting spectral features among the initial data set). 
It allows more flexibility in the choice of the new variables which is a 
potential advantage. Results show that DCT gives better results for 
AF spectra than for DR spectra. This study shows that bimodality 
and spectral resolution allow an increase in diagnostic accuracy. This 
accuracy can get as high as 79% when combining the 3 distances for 
bimodality.

8087-58, Session 13

Visualizing gold nanorods and their 
fluorescence emission in breast cancer cells
L. Hartsuiker, P. van Es, W. Petersen, R. Rayavarapu, A. 
Lenferink, A. A. Poot, L. W. M. M. Terstappen, T. G. van 
Leeuwen, S. Manohar, C. Otto, Univ. Twente (Netherlands)

Gold nanorods (GNR) are rapidly emerging for use in biomedical 
applications due to their biocompatibility and their favourable optical 
properties. Conventional tumour imaging suffers from low contrast 
with respect to the surrounding tissue, but by administering GNR to 
the tumour site, high contrast non-invasive cancer imaging can be 
achieved, which is essential for diagnostics and treatment of early 
stage carcinomas.

The Raman signals of non-aggregated GNR in solution are dominated 
by broadband emission. The nature of the emission was attributed 
to fluorescence emission processes and is in agreement with 
observations by others. 

We used single-cell confocal Raman imaging with low laser doses to 
establish chemical fingerprints of live SKBR3 cells. Comparison of the 
Raman spectra and images of “GNR-activated” cells with those of 
unperturbed cells enabled the study of the interaction of GNR with live 
SKBR3 cells.

Raman spectra of GNR-areas on and inside cells revealed both 
broadband and narrowband features, which are spatially related to 
the GNR distribution. The GNR fluorescence emission dominates the 
fingerprint region (500-1800 cm-1) with a variety of shapes, implying a 
change of optical properties of the GNR upon entering the cells. Both 
passive and active uptake of GNR appears to take place, resulting in 
the accumulation of GNR in intracellular vacuoles. 

In addition, scanning electron microscopy (SEM) images were made 
of both single and clustered GNR on and in the cells. The observation 
of individual nanoparticles enabled us to quantify numbers of 
nanoparticles and distributions of nanoparticles on the cells.

8087-59, Session 13

Fluorescence spectroscopy for the 
detection of oral cancer: clinical study of 
150 subjects
A. L. Francisco, Univ. Estadual de Campinas (Brazil); L. H. 
Azevedo, Univ. de São Paulo (Brazil); C. A. Lopes Pinto, L. 
P. Kowalski, Fundação Antônio Prudente (Brazil); C. Kurachi, 
Univ. de São Paulo (Brazil)

Oral cancer is among the most prevalent cancers worldwide, and 
even though our knowledge on prevention and treatment has been 
improving, still most oral cases are diagnosed at advanced stages, 
significantly affecting morbidity and mortality rates. Early cancer 
diagnosis can improve these statistics. Fluorescence spectroscopy 
for cancer detection has been presented as potential tool to improve 
cancer diagnostics, but just a few clinical studies are reported. We 
present the results of a clinical study with 150 subjects: 55 oral cancer 
patients, 35 treated patients without clinical lesion, 30 patients with 
premalignant lesion, and 30 normal volunteers. The homemade 
fluorescence spectroscopy system is composed by: excitation laser 
at 408 nm and 532 nm, USB spectrometer, interrogation probe, and a 
laptop. Patient measurements were taken at the clinical lesion and, if 
possible, at a normal contralateral site. At the normal volunteers, the 
oral mucosa was interrogated at inner mucosa of the lower lip, lateral 
border of the tongue, floor of the mouth, hard palate, gingiva, and 
buccal mucosa. A biopsy was taken from all interrogated lesions and 
the histopathology diagnosis used as gold standard. Different spectra 
processing was performed based on qualitative spectral characteristics 
and multivariate data analysis. .Squamous cell carcinoma and 
premalignant lesions could be discriminated from oral normal mucosa 
based on the processed fluorescence spectra. This optical technique, 
a non-invasive and non-destructive measurement with fast response, 
shows great potential as an auxiliary tool for oral cancer diagnosis. 
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8088-01, Session 1

Assessment of cortical response during 
motor task in adults by a multimodality 
approach based on fNIRS-EEG, fMRI-EEG, 
and TMS
A. Torricelli, D. Contini, M. Caffini, L. Zucchelli, R. Cubeddu, 
Politecnico di Milano (Italy); L. Spinelli, Istituto di Fotonica e 
Nanotecnologie (Italy); E. Molteni, A. M. Bianchi, G. Baselli, 
S. Cerutti, Politecnico di Milano (Italy); E. Visani, I. Giglioli, D. 
Rossi Sebastiano, E. Schiaffi, F. Panzica, S. Franceschetti, 
Fondazione I.R.C.C.S. Istituto Neurologico Carlo Besta (Italy)

A multimodality approach based on fNIRS-EEG, fMRI-EEG and TMS 
was used on adult volunteers during motor task aiming at optimizing 
a functional imaging procedure to be eventually used on patients with 
movement disorders.

8088-02, Session 1

Activated brain or superficial vein? the 
physiological origin of systemic artefacts in 
functional near infrared spectroscopy
E. P. Kirilina, Freie Univ. Berlin (Germany); A. Jelzow, 
Physikalisch-Technische Bundesanstalt (Germany); A. Heine, 
M. Niessing, A. Jacobs, Freie Univ. Berlin (Germany); H. 
Wabnitz, R. Macdonald, R. Brühl, B. Ittermann, Physikalisch-
Technische Bundesanstalt (Germany); I. Tachtsidis, Univ. 
College London (United Kingdom)

Functional near-infrared spectroscopy (fNIRS) is a non-invasive 
technique for studying the functional organisation in the human 
brain by measuring task-evoked changes in tissue concentration of 
oxygenated and deoxygenated haemoglobin.

A major challenge in fNIRS arises from its high sensitivity to 
haemodynamic fluctuations in the scalp. Superficial fluctuations 
contribute on the one hand to the physiological noise of fNIRS, 
impairing the signal-to-noise ratio, and may on the other hand be 
attributed to cerebral changes, leading to false positives in fNIRS 
experiments. Here we explore the physiological origin of task-evoked 
superficial signals in fNIRS and present a method to separate them 
from cortical signals. We used complementary fNIRS, fMRI, MR-
angiography and peripheral physiological measurements (heart rate, 
blood pressure, skin conductance, skin blood flow) to study activation 
in the frontal lobe during continuous performance task. The General 
Linear Model including additional predictor modulating systemic 
changes in the skin is applied for fNIRS data analysis.

We found that skin blood volume strongly depends on the cognitive 
state and that sources of task-evoked systemic signal in NIRS are 
co-localized with veins draining the scalp. Task-evoked superficial 
artefacts were mainly observed in concentration changes of 
oxygenated haemoglobin and could be effectively separated from 
cerebral signals by GLM-analysis. Temporal correlation of fNIRS and 
fMRI signals with blood pressure and heart rate traces indicate two 
possible physiological origins of the systemic artefact: Task-evoked 
blood pressure changes or venous vasoconstriction induced by 
increased sympathetic outflow during the task.

Changes in sympathetic outflow and increased blood pressure 
accompany almost any cognitive and emotional process, we therefore 
expect scalp vessel artefacts to be present in a wide range of 
fNIRS settings used in neurocognitive research. Therefore a careful 
separation of fNIRS signals from activated brain and the scalp is a 
necessary precondition for unbiased fNIRS brain activation maps.

8088-03, Session 1

Simultaneous measurement of time-domain 
fNIRS and physiological signals during a 
cognitive task
A. Jelzow, Physikalisch-Technische Bundesanstalt (Germany); 
I. Tachtsidis, Univ. College London (United Kingdom); E. 
Kirilina, M. Niessing, Freie Univ. Berlin (Germany); R. Bruehl, H. 
Wabnitz, Physikalisch-Technische Bundesanstalt (Germany); 
A. Heine, Freie Univ. Berlin (Germany); B. Ittermann, R. 
Macdonald, Physikalisch-Technische Bundesanstalt (Germany)

Functional near-infrared spectroscopy (fNIRS) is a commonly used 
technique to measure the cerebral vascular response related to brain 
activation. It is known that systemic physiological processes, either 
independent or correlated with the stimulation task, can influence the 
optical signal making its interpretation challenging. In the present work 
we studied both types of processes for a cognitive paradigm that is 
frequently applied in neuroscience. We performed measurements on 15 
healthy volunteers during a continuous word performance task (word 
CPT). The changes in oxy- and deoxyhemoglobin were recorded using 
a time-domain NIRS system on the frontal lobe (bilateral Brodmann 
Area 10, one source and two detectors on either side). The optical data 
was analyzed in terms of depth-selective moments of distributions 
of times of flight of photons through the tissue. In addition, systemic 
physiological signals, i.e. mean blood pressure, heart rate, respiration, 
galvanic skin response, scalp blood flow (flux) and red blood cells 
concentration changes (by a laser Doppler system), were recorded 
simultaneously for all subjects. For each subject, cerebral activation 
was localized by a subsequent fMRI experiment using the same CPT.

We calculated individual block averages and grand averages of 
systemic and optical data from the corresponding time series. For 
these measurements on the prefrontal cortex the magnitude of 
the activation signal was found to be considerably smaller than, 
e.g. for a motor task. We investigated the temporal behavior and 
mutual correlations between hemoglobin changes and the systemic 
processes. Mean blood pressure and heart rate showed significant 
increases during the activation period. Relative flux and RBC 
concentration changes had a more heterogeneous response. The 
correlation of optical and systemic data was found to differ for NIRS 
signals corresponding to different depth sensitivities.

8088-04, Session 1

Noninvasive evaluation of cerebral 
hemodynamics during Acetazolamide 
challenge: a diffuse optics and transcranial 
Doppler study
P. Zirak, ICFO - Instituto de Ciencias Fotónicas (Spain); R. 
Delgado-Mederos, L. Dinia, J. Martí-Fàbregas, Hospital de la 
Santa Creu i Sant Pau (Spain); T. Durduran, ICFO - Instituto de 
Ciencias Fotónicas (Spain)

Acetazolamide(1g/10ml saline) was used as stimulus to assess the 
cerebral-vasomotor-reactivity(CVR). We have combined: diffuse-
correlation-spectroscopy(DCS) to measure local relative-cerebral-
blood-flow(rCBF); near-infrared-spectroscopy(NIRS) to measure 
oxy-hemoglobin(HbO2) and deoxy-hemoglobin(Hb) concentration 
changes, and transcranial-Doppler(TCD) to measure relative-blood-
flow-velocity(rCBFV) in middle-cerebral-artery (MCA). Ten healthy 
controls (8 male, 2 female, age (27.5, IQR-26-34) years (median- 
Interquartile range (IQR)) and 12 patients (10 male, 2 female, age (65.5, 
IQR-60-74), 50% symptomatic) with hemodynamically significant 
carotid artery steno-occlusions (>70%) in right or left internal-carotid-
artery(ICA) were recruited in the measurements. The exclusion criteria 
was stenosis >50% contralateral to the severe ICA steno-occlusive 
side. We have found a significant increase in HbO2, rCBF and rCBFV 
values for healthy subjects and affected and normal sides of the 



European Conferences on Biomedical Optics 2011 · www.spie.org/ecbo Return to Contents38

patients. Moreover, the DCS and TCD measures are in agreement for 
patients affected(p=0.115) and normal(p=0.5994) sides as well as the 
healthy controls(p=0.27). In addition, while we did not find a significant 
difference between the NIRS, DCS and TCD values for the affected 
and normal sides of the patients, the rCBFV and HbO2 measures for 
the affected sides show a tendency to decrease. Based on a power 
calculation of our current results, we believe that a higher powered 
study of ~30 patients would discriminate the hemodynamic measures 
between healthy controls and the patients. We expect to have this 
number of patients (>30) in coming 3 months. Grant support: Fundació 
Cellex Barcelona, Marie Curie IRG and Institute de Salud Carlos III(FIS).

8088-05, Session 1

Very low frequency cortical hemodynamic 
oscillations during slow wave sleep 
measured with near-infrared spectroscopy
J. Virtanen, T. Näsi, Aalto Univ. School of Science and 
Technology (Finland)

Near-infrared spectroscopy (NIRS) can be used to measure 
spontaneous cortical and systemic hemodynamic oscillations caused 
by neuronal activity, the autonomic nervous system, and vasomotion. 
While spontaneous cerebral electrical oscillations during sleep have 
been studied extensively, their connection to hemodynamic changes is 
less well understood. In particular the hemodynamic characteristics of 
slow-wave sleep (electroencephalogram (EEG) dominated by 0.5-2 Hz 
delta waves) have been all but neglected in NIRS studies.

We carried out a series of 30 all-night NIRS-EEG sleep measurements 
on 13 healthy volunteers (9 males, 4 females) using a short source-
detector separation (1 cm) to probe scalp tissue and two long 
separations (4 and 5 cm) to probe cortical tissue on the right forehead. 
In five out of the 13 subjects, we found evidence of spontaneous 
cortical hemodynamic oscillations at approximately 0.008 Hz 
(120-second cycle). The NIRS data for these five subjects was 
analyzed using Welch’s power spectral density (PSD) estimate. The 
PSD data showed that the oscillations were present primarily in slow-
wave sleep, although they were also visible to some extent in light 
sleep.

The oscillations affected both oxy- ([HbO2]) and deoxyhemoglobin 
([HbR]) concentrations, and were in opposite phase in [HbO2] and 
[HbR]. However, it is not clear whether they result from fluctuations 
in cerebral metabolic activity or vasomotion. We were able to rule out 
systemic fluctuations and instrumental artifact as a cause, since the 
oscillations were present only at long source-detector separations, 
indicating cortical origin, and consistently in the same subjects. 
The oscillations may be connected to B waves (0.008-0.033 Hz) in 
intracranial pressure that have also been observed in cerebral blood 
flow measurements with transcranial Doppler, but further research is 
needed to evaluate this hypothesis.

8088-06, Session 2

Robot-assisted motor activation monitored 
by time-domain optical brain imaging
O. Steinkellner, H. Wabnitz, Physikalisch-Technische 
Bundesanstalt (Germany); S. Schmid, R. Steingräber, 
Technische Univ. Berlin (Germany); H. Schmidt, J. 
Krüger, Fraunhofer-Institut für Produktionsanlagen und 
Konstruktionstechnik (Germany); R. Macdonald, Physikalisch-
Technische Bundesanstalt (Germany)

Robot-assisted motor rehabilitation proved to be an effective 
method to improve therapy outcome in stroke patients and may 
be applied in addition to conventional hand-to-hand therapy. In 
order to analyze and understand structural changes inside the brain 
during motor rehabilitation and for further optimization of therapy, it 
is desirable to develop a monitor to provide objective measures of 
the rehabilitation progress. Rehabilitation therapy is based on the 
training of physiological body and limb movement patterns. Hence, 
an assessment of localization and strength of the hemodynamic 
response by functional magnetic resonance imaging is often not 

feasible. Optical measurements can be a more suitable option. They 
measure the hemodynamic responses to brain activation, i.e. changes 
in hemoglobin concentrations. However, since the exercises inherently 
run the risk of causing movement artifacts, this problem has to be 
considered in the design of the experiment. We used optical brain 
imaging with a portable time-domain near-infrared reflectometer. Data 
analysis based on statistical moments of time-of-flight distributions of 
diffusely reflected photons provides a suitable representation of the 
intracerebral signals. The second centralized moment, variance, is not 
only preferentially sensitive to cortical absorption changes induced 
by the changing oxygen content of the brain tissue, but also less 
susceptible to superficial artifacts.

Four healthy volunteers performed two robot-assisted distal upper 
extremity activities with adjustable counterforce, in particular wrist 
flexion-extension and forearm pronation-supination, in comparison 
with an unassisted squeeze ball exercise. A special headgear 
arranging four measurement positions to include parts of the pre- and 
postcentral gyrus provided a good overlap with the expected activated 
areas. In all subjects several of the four detection channels showed 
a response. In some cases indications were found of a change in 
localization of the activated area. The method offers the potential to 
track treatment progress directly at the physical exercise.

8088-07, Session 2

Simultaneous imaging of cortical 
haemoglobin oxygenation and blood flow 
with RGB reflectometry and LASCA during 
stroke in rats
A. Steimers, RheinAhrCampus Remagen (Germany); M. 
Gramer, M. Takagaki, R. Graf, Max-Planck-Institut für 
Neurologische Forschung (Germany); M. Kohl-Bareis, 
RheinAhrCampus Remagen (Germany)

Optical imaging is widely used as a tool for the assessment of brain 
function and pathological tissue. Two dominant aims in neurological 
research are the quantification of haemoglobin oxygenation and 
blood flow changes as key parameters for an understanding of 
neurometabolic-vascular coupling. Illuminating the exposed cortex with 
a cw light source and observing the back scattered light with a CCD 
camera is a suitable approach for mapping of haemoglobin changes 
[1]. Another more reliable spectroscopic resolution is accomplished 
by combining a RGB (red, green, blue)-LED and a RGB-(colour) 
camera. It has already been shown that this RGB-reflectometry is 
able to record small changes in haemoglobin oxygenation associated 
with neurometabolic and neurovascular coupling [2]. We now extend 
this by integrating laser speckle contrast analysis (LASCA) to enable 
a simultaneous measurement of both parameters, haemoglobin and 
blood flow changes. For this aim we exploit that these two methods 
use different spectral ranges. A 2-CCD camera separates the NIR laser 
light (for LASCA) and the reflected visible light (for haemoglobin) on 
two different CCDs. A high temporal resolution of 12 Hz was achieved 
by the use of multi- and manycore computing.

8088-08, Session 2

Anatomical brain atlas for NIRS 
measurements of brain activation
M. Caffini, L. Zucchelli, D. Contini, R. Cubeddu, L. Spinelli, 
Politecnico di Milano (Italy); D. A. Boas, Massachusetts 
General Hospital (United States); A. Torricelli, Politecnico di 
Milano (Italy)

The use of anatomical brain atlases has been recently introduced in 
the analysis tools of NIRS data of brain activation and good spatial 
localization of the brain activation has been proved. We have collected 
data from volunteers subjects during various protocols such as hand 
grasping motor tasks, visual activation tasks and go-nogo cognitive 
tasks. A proper optical probe to be placed on the scalp has been 
designed for each different study using a square arrangement of 
sources and detectors in order to cover the expected activated areas. 
Photon diffusion simulations have been run in a segmented MRI atlas 
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geometry using a CUDA GPU Monte Carlo software and then an 
inverse problem has been solved to obtain a map of the variations of 
the absorption coefficient at two different wavelengths (690 nm end 
820 nm). Oxyhemoglobin and deoxyhemoglobin concentrations have 
been then computed via Lambert-Beer law. This atlas based analysis 
has been performed together with the traditional oxyhemoglobin 
and deoxyhemoglobin time series analysis and a comparison of the 
visualization is presented. Further analysis could involve the use of 
time of flight information in order to improve depth resolution.

8088-09, Session 2

A non-contact time-domain scanning brain 
imaging system: results of proof of principle 
tests
M. Mazurenka, A. Jelzow, H. Wabnitz, B. Ebert, Physikalisch-
Technische Bundesanstalt (Germany); D. Contini, Politecnico 
di Milano (Italy); L. Spinelli, Consiglio Nazionale delle Ricerche 
(Italy); A. Pifferi, A. Dalla Mora, A. Tosi, Politecnico di Milano 
(Italy); R. Macdonald, Physikalisch-Technische Bundesanstalt 
(Germany)

We report on the development of a scanning non-contact brain imager, 
based on a new technique in time-resolved near-infrared spectroscopy, 
null source-detector distance approach. The scanning approach allows 
to image an area of about 10 cm^2 with small adjustable scanning 
steps, i.e. high density of mapping points. 

The feasibility of the proposed method was tested with a single-point 
confocal optical setup without beam scanning so far. A set of test 
measurements was performed on a liquid phantom with a small black 
polyvinyl chloride (PVC) cylinder as a target which was translated in X 
direction to emulate the optical scanning and estimate lateral spatial 
resolution, and Z direction to estimate the depth sensitivity of the 
instrument. The photons scattered by the phantom were detected by 
a newly developed state-of-art time-gated single-photon avalanche 
photodiode (SPAD) to retrieve late only photons, bearing information 
from the deeper layers of the phantom. The experimental results 
were in good agreement with both Monte Carlo simulations of a local 
perturbation, convolved with the instrumental response function and 
results obtained with a contact fiber-based system, proving that our 
approach is suitable for the development of a high density topological 
NIRS brain imaging system.

Additionally, the SPAD detector was compared to a commercially 
available fast-gated iCCD camera. It has been shown that, due to its 
better dynamic range, SPAD is capable to detect later photons than 
the iCCD camera, and hence, a scanning system equipped with the 
time-gated SPAD promises better depth sensitivity. Thus the time-
gated SPAD is the detector of choice for the further development of the 
non-contact confocal brain scanner.

8088-10, Session 2

Comparison of MRI and diffuse optical 
methods for calculating relative changes in 
the cerebral metabolic rate of oxygen
D. L. Minkoff, Univ. of Pennsylvania (United States); T. 
Durduran, ICFO - Instituto de Ciencias Fotónicas (Spain); M. 
N. Kim, D. Hance, E. M. Buckley, Univ. of Pennsylvania (United 
States); M. Tobita, J. Wang, J. H. Greenberg, J. A. Detre, The 
Univ. of Pennsylvania Health System (United States); A. G. 
Yodh, Univ. of Pennsylvania (United States)

The cerebral metabolic rate of oxygen (CMRO2) is an important 
physiological parameter for assessing neurological activity. Diffuse 
correlation spectroscopy (DCS) is a non-invasive optical technique 
measuring relative changes in microvascular cerebral blood flow (CBF) 
continuously at the bedside. When combined with diffuse optical 
spectroscopy (DOS; also known as NIRS), it is possible to use an 
all-optical approach to estimate CMRO2 using Fick’s law. CMRO2 is 
often estimated using hypercapnia-calibrated MRI, which relies upon 
the assumption that CMRO2 does not change during hypercapnia. 

Since the all-optical method for estimating CMRO2 does not rely upon 
this assumption, we are examining its validity by comparing the two 
methods during hypercapnia and hyperoxia using concurrent arterial 
spin labeling (ASL) MRI, DCS, and DOS. We are further examining 
deviations from the idealized behavior to investigate the influence of 
partial volume effects on DOS/DCS estimates of CMRO2 and to help 
elucidate discrepancies between ASL and DCS measurements of CBF.

8088-11, Session 2

Time-resolved and spectral-resolved optical 
imaging to study brain hemodynamics in 
songbirds
S. Mottin, Univ. Jean Monnet Saint-Etienne (France); B. 
Montcel, Univ. Claude Bernard Lyon 1 (France); H. Guillet 
de Chatellus, Univ. Joseph Fourier (France); S. Ramstein, C. 
Vignal, N. Mathevon, Univ. Jean Monnet Saint-Etienne (France)

Contrary to the intense debate about brain oxygen dynamics and 
its uncoupling in mammals, very little is known in birds. In zebra 
finches, picosecond optical tomography (POT) with a white laser and 
a streak camera can measure in vivo oxy-hemoglobin (HbO2) and 
deoxy-hemoglobin (Hb) concentration changes following physiological 
stimulation (familiar calls and songs). POT demonstrated sufficient 
sub-micromolar sensitivity to resolve the fast changes in hippocampus 
and auditory forebrain areas with 250 µm resolution. The time-course 
is composed of (i) an early 2s-long event with a significant decrease 
in Hb and HbO2, respectively -0.7 µMoles/L and -0.9 µMoles/L (ii) 
a subsequent increase in blood oxygen availability with a plateau 
of HbO2 (+0.3µMoles/L) and (iii) pronounced vasodilatation events 
immediately following the end of the stimulus. One of the findings of 
our work is the direct link between the blood oxygen level-dependent 
(BOLD) signals previously published in birds and our results. 
Furthermore, the early vasoconstriction event and post-stimulus 
ringing seem to be more pronounced in birds than in mammals. These 
results in bird, a tachymetabolic vertebrate with a long lifespan, can 
potentially yield new insights for example in brain aging.

8088-12, Session 2

Performance assessment of time-domain 
optical brain imagers
H. Wabnitz, Physikalisch-Technische Bundesanstalt 
(Germany); A. Pifferi, A. Torricelli, Politecnico di Milano (Italy); 
M. Mazurenka, O. Steinkellner, A. Jelzow, R. Macdonald, 
Physikalisch-Technische Bundesanstalt (Germany); D. Contini, 
L. Zucchelli, L. Spinelli, Politecnico di Milano (Italy); F. Martelli, 
P. Di Ninni, G. Zaccanti, Univ. degli Studi di Firenze (Italy); M. 
Kacprzak, P. Sawosz, A. Liebert, Institute of Biocybernetics 
and Biomedical Engineering (Poland); R. Cubeddu, Politecnico 
di Milano (Italy)

To facilitate the development of novel approaches and technologies 
for time-domain optical brain imaging within in the European project 
“nEUROPt”, the performance of various instruments has to be 
assessed and compared. First, a number of basic tests are performed, 
including characterization of the temporal instrument response function 
and estimation of the responsivity of the detection system. 

Two other, “high-level” protocols aim at the evaluation of the capability 
of the instruments to retrieve potentially clinically relevant physical 
quantities. They are performed on accurately characterized liquid 
phantoms, based on Intralipid and ink. The “MEDPHOT protocol” 
developed previously [Pifferi et al., Appl. Opt. 44 (2005) 2104-14] is 
applied to assess accuracy, linearity, noise, stability, and reproducibility 
of measurements of absorption and reduced scattering coefficients in 
homogenous phantoms in reflection geometry. 

In the present “nEUROPt” project a novel, specific protocol has been 
developed to study the performance of instruments - in conjunction 
with data analysis - to detect, localize and quantify absorption changes 
in the cortex and to eliminate the influence of extracerebral tissue. 
The tests include the determination of contrast and contrast-to-noise 
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ratio, depth selectivity and lateral spatial resolution as well as accuracy 
and linearity. Two types of inhomogeneous phantoms are used, (i) a 
homogeneous phantom with movable black cylindrical inclusions of 
various size and (ii) a two-layered phantom with varied absorption in 
both compartments. Data analysis is based on various semi-empirical 
approaches to derive absorption changes from changes in time-
resolved diffuse reflectance, but can be extended to include more 
advanced methods of reconstruction. 

We report details of the protocols together with results of the 
measurements according to these protocols performed with various 
brain imagers devised for use in clinical studies as well as instruments 
based on novel approaches. We interpret the results by combining the 
findings of all three protocols.

8088-13, Session 2

Comparison of temporal response to 
cerebral blood flow measured by laser 
speckle flowgraphy and laser Doppler 
flowmetry
M. Kusano, H. Nakayama, Keio Univ. (Japan); H. Takuwa, K. 
Masamoto, National Institute of Radiological Sciences (Japan); 
E. Okada, Keio Univ. (Japan); I. kanno, National Institute of 
Radiological Sciences (Japan)

The measurements of CBF of small animals have been conducted to 
investigate neurovascular coupling. Two-dimensional CBF map can be 
measured by laser speckle flowgraphy (LSFG). However, the temporal 
resolution of laser speckle flowgraphy using a CCD camera is less than 
that of laser Doppler flowmetry (LDF). In this study, CBF changes in 
somatosensory cortex of awake mice evoked by whisker stimulation 
are measured by LSFG and LDF. The CBF maps were calculated by 
LSFG for every 0.2 s whilst a time constant of LDF instrument was 0.1 
ms. The duration of the stimulation changed to evaluate the temporal 
response of LSFG. In the case of 20-second stimulation, two peaks 
can be observed shortly after the onset of the stimulation and at 
around the end of the stimulation in the both time courses measured 
by LSFG and LDF. The CBF change is increased with an increase in 
stimulus frequency. In the case of 2-second stimulation, one peak 
can be observed shortly after the onset of the stimulation in the both 
time courses. The correlation between time course of CBF change 
measured by LSFG and that by LDF are calculated to compare the 
temporal response of the both methods to CBF. The time courses of 
CBF measured by LSFG highly correlate with those by LDF. These 
results indicate that the temporal response of LSFG is sufficient to 
measure CBF change evoked by brain activations.

8088-14, Session 3

Comparative study of algorithms to derive 
changes in hemoglobin concentrations from 
time domain near infrared spectroscopy 
measurements
N. S. Zolek, A. Liebert, D. Milej, M. Kacprzak, Institute of 
Biocybernetics and Biomedical Engineering (Poland); W. Weigl, 
Medical Univ. of Warsaw (Poland); A. Torricelli, L. Spinelli, 
D. Contini, M. Caffini, L. Zucchelli, R. Cubeddu, Politecnico 
di Milano (Italy); A. Jelzov, O. Steinkellner, H. Wabnitz, 
Physikalisch-Technische Bundesanstalt (Germany); S. P. Koch, 
J. M. Steinbrink, Charité Universitätsmedizin Berlin (Germany)

A comparison of different methods used by various groups of the 
nEUROPt consortium for the analysis of time domain near infrared 
spectroscopy signals acquired during brain stimulation trials will 
be presented. This study was based on measurements on healthy 
subjects with stimulation of the motor cortex. The measurement 
campaign was performed in three laboratories (Politecnico di 
Milano - Italy, Physikalish-Technische Bundesanstalt - Germany, 
and the Institute of Biocybernetics and Biomedical Engineering 
Polish Academy of Sciences - Poland) and using three time domain 
brain imagers constructed by the partners. A common standardised 

measurement protocol was agreed and applied. The algorithms 
used for the calculation of changes in oxy- and deoxyhemoglobin 
concentration are based on evaluation of (i) statistical moments 
of measured distributions of times of flight of photons (DTOF), (ii) 
time windows defined in the DTOFs and (iii) the classical analysis 
of attenuation of light. The obtained changes of haemoglobin 
concentrations differ in amplitude but the shapes of the responses 
are similar. The presented comparison of the results of measurements 
obtained using different algorithms represents a step towards 
standardization of signal processing in time domain near infrared 
spectroscopy measurements.

8088-15, Session 3

Experimental estimation of the sensitivity 
profile of time-resolved reflectance 
measurement in a two-layered physical 
phantom mimicking human head
P. Sawosz, M. Kacprzak, Institute of Biocybernetics and 
Biomedical Engineering (Poland); W. Weigl, Medical Univ. of 
Warsaw (Poland); N. S. Zolek, S. Wojtkiewicz, R. Maniewski, A. 
Liebert, Institute of Biocybernetics and Biomedical Engineering 
(Poland)

In NIRS measurements carried out on the head the light penetration 
depth and spatial distribution of probability of photons penetration 
should be considered for proper interpretation of the acquired 
signals. Sensitivity profiles of the measured signals to the absorption 
changes can be estimated with the use of theoretical methods. In the 
presented study, we propose an experimental method for estimation 
of the probability distribution of light penetration in optically turbid 
medium. A time-gated, intensified CCD camera was applied in a plane 
perpendicular to the axes of source and detector. Two fibers, delivering 
femtosecond light pulses (wavelength of 760 nm) were attached to 
the edge of the two-layered phantom and separated by a distance 
of 3 cm. The phantom was constructed using a human skull filled 
with intralipid, water and ink solution mimicking intracerebral tissues. 
For each fiber images of time resolved distributions of probability of 
photons penetration in the medium were acquired. Assuming that 
the numerical aperture of the emission and detection optics are the 
same, the sensitivity profiles can be estimated by convolving images 
measured for two source positions. The sensitivity profiles were 
obtained for different delays between detection gate and laser pulse 
and for different positions of sources pairs on the skull. Obtained 
results suggest that imaging of the sensitivity profile of time-resolved 
reflectance measurement can be carried out with the use of the 
intensified CCD camera. The constructed setup may allow to study 
more complex structures, especially multi-layered tissue phantoms or 
non-homogeneities buried in the turbid medium.

8088-16, Session 3

Non-invasive determination of the optical 
properties of the human head using a neural 
network
M. Jäger, A. Kienle, Univ. Ulm (Germany)

STUDENT PAPER AWARD

Non-invasive methods for early detections of a variety of cephalic 
diseases has become an important research area in recent years. 
There is an urgent necessity required for the development of robust 
and fast methods for precise determination of the brain absorption 
which are not influenced by the hemodynamics of the upper layers. 
First of all it is important to understand the light propagation in the 
human head in order to characterize the hemodynamics of the brain. 
Monte Carlo simulations and solutions of the diffusion theory are used 
to describe the light propagation in a four- and five-layered model 
of the head. For the inverse problem a neural network is applied 
to calculate the absorption coefficient of the brain and the optical 
properties of scalp and skull.

The neural network is capable to calculate the absorption coefficient 
of the brain from simulated time-resolved reflectance curves with an 
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RMS error of less than 6%. This result was achieved from calculated 
and with Gaussian noise modified time-resolved reflectance curves. 
Thereby the used optical properties and the thicknesses of the different 
layers in the human head were not known exactly.

In addition we showed that the optical properties of scalp and skull 
can be determined from spatially resolved reflectance curves using a 
neural network. The obtained RMS error is within the above assumed 
inaccuracy that was applied for the determination of the absorption 
coefficient of the brain. In the future the neural network will be verified 
on measurements of multi-layered liquid and epoxy resin phantoms.

8088-17, Session 3

Three-dimensional superposition of diffuse 
optical tomography results and subjacent 
anatomic structures
C. Habermehl, C. H. Schmitz, Charité Universitätsmedizin 
Berlin (Germany); J. Mehnert, S. Holtze, Max-Planck-Institut 
für Kognitions- und Neurowissenschaften (Germany); J. M. 
Steinbrink, Charité Universitätsmedizin Berlin (Germany)

Near infrared spectroscopy and diffuse optical tomography (OT) 
reveal no information about the measurement’s underlying anatomical 
structures. An independent anatomical mapping of OT results onto 
the subject’s or a generic brain model is desirable, especially when 
regions prone to large inter-subject variability are studied. We show 
two methods to map OT data from high density fiber grids onto 
anatomical structures. The forward model that we use to predict the 
light propagation in the head is based on one generic anatomical 
MR scan. Both approaches use this generic atlas to translocate the 
coordinates of the optical fiber grid corners from the experimental 
setup to the FEM model space. 1) The fiducial mark approach uses the 
spatial normalization of the subject’s MR-scan (with marked corners 
of the fiber grid) and the generic MR-scan serving as template. This 
leads to a translocation of the fiber pad coordinates to the FEM-Model 
space without losing structural information. 2) The anatomic landmark 
approach can be used without an individual MR-scan. 19 reference 
points and the position of the fiber pad corners are determined using 
photogrammetry software. These coordinates are then translocated 
to the FEM model space by solving the least square problem of the 
subject’s and the model’s reference points. Finally, the corresponding 
positions for the optical fibers can be defined in the FEM mesh that is 
used to predict the light propagation. We illustrate and compare both 
methods and show results from a vibrotactile stimulation experiment in 
humans.

8088-18, Session 3

Segmentation of magnetic resonance 
images to construct human head model for 
diffuse optical imaging
K. Kurihara, Y. Takahashi, Keio Univ. (Japan); H. Kawaguchi, T. 
Obata, National Institute of Radiological Sciences (Japan); E. 
Okada, Keio Univ. (Japan)

Diffuse optical tomography (DOT) has been applied to measure 
hemodynamic responses related to brain activation. This technique 
can reconstruct the three-dimentional image of hemodynamic changes 
in brain using spatial sensitive profile (SSP). The SSP can be obtained 
from the analysis of light propagation in the head by Monte Carlo 
simulation (MC) or finite element method (FEM). Recently, three-
dimensional head models of which geometry is based upon segmented 
magnetic resonance (MR) head images have been used in these 
simulations. In this study, the extraction of the superficial tissues which 
affects the light propagating in the brain from the MR head images is 
investigated to facilitate the construction of the head models for DOT. 
The MR head images were acquired with three pulse sequences. In 
the proposed tool, scalp, skull and CSF regions were extracted from 
the MR images using suitable pulse sequence to enhance accuracy of 
the extraction. The scalp and skull were extracted from the MR head 
image in which the scalp gives bright signal and skull gives dark signal. 
The CSF was extracted from another head image in which the CSF 

gives bright signal. The difference image between the images extracted 
by the proposed method and manual analysis, and the difference 
image between the images by previous method and manual analysis 
were caluculated to evaluate the accuracy of the extraction by the 
proposed tool. The results of extraction by the proposed method were 
improved compare with those by the previous tool.

8088-19, Session 4

Simulating light propagation: towards 
realistic tissue models
H. G. Akarçay, J. Ri&#269;ka, Univ. Bern (Switzerland)

We present here a tool for Monte Carlo simulations of polarized 
light transport in three-dimensional biological tissue samples. This 
simulation tool is easily adaptable to a wide range of scenarios thanks 
to a user interface that allows the generation of complex and intricate 
tissue models as well as various illuminating beam profiles. The user 
can create both multiple tissue layers and more complex geometries 
by combining spheres, cylinders and half-spaces. Each modelled 
physical region can be assigned its own specific optical properties: 
absorption and scattering coefficients, refractive index and scattering 
law. The scattering law models currently utilized by the tool are the Mie 
scattering law and the polarized version of the generalized Henyey-
Greenstein scattering law: these models can be customized by 
modifying the appropriate parameters. This generates in turn look-up 
tables from which the photons’ new propagation direction and new 
polarization state are numerically sampled at each scattering event. 
Moreover, a tracing method is used to track the propagating photons 
and handle the reflection/transmission processes (using the Fresnel 
relations) that arise when the photon encounters an interface between 
two different media. Virtual CCDs coupled with polarizers are used to 
carry out the imaging of the backscattered and transmitted light. The 
Mueller matrix of the sample can be constructed from the measured 
changes that occur in the polarization states (encoded for each photon 
in a corresponding complex Jones vector) of the propagating photons. 
The simulation tool is also able to generate visualizations of the 
propagating light’s temporal and spatial profiles (such as the energy 
distribution in the sample).

8088-20, Session 4

Analytical solutions of the radiative transfer 
equation for the fluence and radiance in 
infinite turbid media
A. Liemert, A. Kienle, Univ. Ulm (Germany)

We derived simple and fast analytical solutions of the radiative transfer 
equation (PN) for the fluence and radiance in an infinitely extended 
medium. The obtained solutions were compared with Monte Carlo 
simulations.

Within the stochastic nature of the Monte Carlo method an exact 
agreement was found in the steady-state and time domains. In many 
relevant cases low order approximations of the analytical solutions 
for the fluence are almost exact. In case of the radiance, the solution 
calculated with the SPN-approximation and, especially, that of the 
diffusion approximation showed relatively large errors compared 
to solutions of the RTE, whereas the differences for the fluence are 
smaller.

As an example, the derived solutions can be applied to retrieve 
the optical properties by means of a turnable single fiber which is 
used to measure the radiance inside scattering media caused by an 
isotropically emitting fiber. An applications is, e.g., the monitoring 
of drug concentrations during photodynamic therapy. In literature, 
the P3-approximation was used for these calculations. However, in 
many cases the P3-solution, although being much more exact than 
the diffusion equation, might still cause significant errors due to its 
approximations.

The obtained formulae can be used as a starting point to derive 
analytical solutions of the RTE for finite geometries, e.g. a semi-infinite 
scattering medium, which include the exact boundary conditions at 
the interface to non-scattering media. In addition, the derived solutions 
can be used to improve existing methods using approximative 
boundary conditions, e.g. the extrapolated boundary conditions.
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8088-21, Session 4

Fluorescence light transfer in biological 
tissues by coupled time-dependent 
parabolic simplified spherical harmonics 
equations
J. Bouza-Domínguez, Y. Bérubé-Lauzière, Univ. de Sherbrooke 
(Canada)

Light propagation modeling is an important component of diffuse 
optical tomography (DOT) reconstruction algorithms as it allows 
predictions that can then be compared with actual measurements. 
This work is a natural extension of a previous model we developed 
for light propagation in biological tissues to the more complex case of 
describing the whole forward problem of fluorescence light transfer. 
Time-domain data are known to be information richer than other 
types of data, but they remain relatively unexploited compared to 
continuous-wave or frequency domain data. We present a system of 
time-dependent simplified spherical harmonic equations to model 
the propagation of both excitation and fluorescence light in biological 
tissues in the time domain. The system comprises two coupled sets 
of parabolic partial differential equations and associated boundary 
conditions for describing the time evolution of the excitation and 
fluorescence light fields, along with the coupling of the two fields 
through the fluorescence dynamics that involve the lifetime of the 
fluorophore considered. These equations are numerically solved using 
finite elements and finite differences for the spatial and temporal 
dependencies of the fields. Such modeling will prove important in 
fluorescence diffuse optical tomography (FDOT) image reconstruction 
algorithms exploiting time-domain data. FDOT requires a forward 
model that can accurately describe the propagation of both the 
excitation and the fluorescence light fields. We provide results for the 
propagation of excitation and fluorescence light in a small animal with 
an organ filled with a fluorescent probe.

8088-22, Session 4

A finite-volume algorithm for modeling 
light transport with the simplified spherical 
harmonics approximation
L. D. Montejo, H. Kim, A. H. Hielscher, Columbia Univ. (United 
States)

In this work we introduce the finite volume (FV) approximation to the 
simplified spherical harmonics (SPN) equations for modeling light 
propagation in tissue. SPN equations with partly reflective boundary 
conditions are discretized using a cell-centered FV scheme on 
unstructured grids. The resulting system of linear algebraic equations 
is solved with the generalized minimal residual (GMRES) algorithm, 
a type of Krylov subspace iterative method. The accuracy of the 
FV-SPN algorithm is validated through numerical simulations of light 
propagation in a numerical phantom with embedded inhomogeneities. 
For comparison, the benchmark algorithm is a FV implementation of 
the radiative transfer equation (RTE). Solutions obtained using the 
FV-SPN (N>1) algorithm are compared to solutions obtained with the 
RTE and the diffusion equation (SP1). The SP3 solutions obtained 
using the FV-SPN algorithm are better approximations to the RTE than 
the diffusion equation (SP1). Solutions using the SP3 algorithm were 
obtained 9.95 times faster than solutions with the RTE.

8088-23, Session 4

Importance of considering exact boundary 
conditions of the probe geometry on 
determination of the optical properties of 
turbid media
O. Fugger, A. Kienle, Univ. Ulm (Germany)

Light propagation in semi-infinite turbid media was studied in the 
steady-state domain by taking into account exact boundary conditions 
at the medium surface caused by different probe geometries. In 

literature mostly the whole interface of the surface of the medium 
is considered as one boundary condition for the whole surface. By 
contrast, when applying exact boundary conditions, the surface 
interface shifts from medium/air to medium/probe depending on where 
the probe head covers the medium surface. Different Monte Carlo 
simulations were performed by means of a voxel-based program to 
obtain the spatially resolved reflectance at defined distances from the 
incident beam. The influence of the probe geometry was evaluated 
by comparing the reflectance especially at distances far away from 
the incident beam for the different studied probe geometries and 
by fitting the reflectance data with diffusion theory assuming non-
exact boundary conditions, i. e. medium/probe interface for the 
whole surface. In addition, the relative errors for the fitted absorption 
coefficient µa and the reduced scattering coefficient µs’ are outlined.

8088-24, Session 4

Spectral reflectance fitting based on Monte 
Carlo simulation using a multi-layered skin 
tissue model
Y. Aizu, Muroran Institute of Technology (Japan); T. Maeda, 
Kushiro National College of Technology (Japan); T. Kuwahara, 
T. Hirao, Shiseido Co., Ltd. (Japan)

We developed a nine-layered skin tissue model for Monte Carlo 
simulation of spectral reflectance in a visible wavelength region. 
By using this model, we investigated behaviours of spectral 
reflectance for various values in optical and geometrical parameters 
(scattering coefficient, absorption coefficient, anisotropy parameter, 
refractive index, and thickness) for each of nine layers. These results 
demonstrate interesting dependence of spectral form on those 
parameters, and are quite informative as a library for the spectral 
fitting procedure. By reference to these results, a simulated spectrum 
can be produced to agree well with measured spectrum with finding 
appropriate optical and geometrical parameter values. This approach 
provides a flexible spectral fitting means to measured results and 
estimation of change in the parameters in skin tissue. Example of 
fitting was presented for a measured sample spectrum obtained from 
the normal human forearm skin. The result demonstrates a good 
agreement between simulated and measured spectra.

8088-25, Session 5

Compressive diffuse optical tomography
M. Suzen, A. Giannoula, T. Durduran, ICFO - Instituto de 
Ciencias Fotónicas (Spain)

Diffuse optical tomography (DOT) is the 3D, non-invasive, 
reconstruction of the tissue optical properties for biomedical 
applications. DOT suffers from severe under-sampling which leads 
to image artifacts requiring a large number of measurements to 
minimize these artifacts. We have recently introduced a compressed 
sensing (CS) framework for DOT which uses a sparsifying basis, 
l1-regularization and random sampling to reduce the number of 
measurements that are needed to achieve a certain accuracy. In fact, 
it allows for sub-Shannon-Nyquist limit sampling of the signals when 
certain conditions are met. We introduce CS for DOT, demonstrate 
the utility its utility using numerical simulations and discuss the latest 
progress of CS for DOT. Overall, the results show improvements 
in comparison to “traditional” linear reconstruction methods. 
Furthermore, CS is shown to be more robust against the reduction of 
measurements.

8088-26, Session 5

Optical projection tomography for light 
scattering media
V. Y. Soloviev, S. R. Arridge, Univ. College London (United 
Kingdom)

Optical tomography uses light for visualization of three-dimensional 

Conference 8088:  
Diffuse Optical Imaging III



Return to Contents TEL: +44 (0)29 2089 4747 · info@spieeurope.org 43

structure of transparent and semi-transparent objects. Presence of 
light scattering in semi-transparent objects can be addressed by using 
Monte-Carlo methods or employing the Radiative Transfer Equation 
(RTE). We consider an approximation to the RTE, which is based on 
the assumption that scattering media consist of weakly and highly 
scattering regions, whose transport coefficients differ by an order of 
magnitude. Such situation is quite common in the nature. For instance, 
atmosphere with clouds or live embrio can serve as examples of 
such light scattering media. We also make an assumption that the 
phase function can be approximated by first two terms in its Fourier 
series expansion. This assumption let us use the telegraph equation 
approximation for the light transport inside highly scattering inclusions. 
For the present, we neglect refractive index variation in the medium.

Image reconstruction approach employs angularly selective intensity 
measurements. Thus, optical parameters of a scattering medium are 
reconstructed by using optical projection datasets and scattered light 
outgoing from the medium at some angles with respect to the direct 
radiation. The direct radiation is assumed in a form of parallel rays 
entering the medium. The image reconstruction algorithm is based on 
the variational framework and involves repeated numerical solution of 
first and second order differential equations in the Fourier domain.

8088-27, Session 5

Diffuse optical tomography of absorption 
in biological media using time-dependent 
parabolic simplified spherical harmonics 
equations
J. Bouza-Domínguez, Y. Bérubé-Lauzière, Univ. de Sherbrooke 
(Canada)

We present a diffuse optical tomography (DOT) algorithm for 
absorption imaging in biological tissues using time-domain (TD) optical 
measurements. It is generally accepted that TD data conveys the 
richest information about the spatial distribution of optical properties in 
tissues. In the presence of vascularized tissues or, in general, of highly 
absorbing heterogeneities (including injected fluorescent compounds), 
transport-like equations are to be favored as forward models in DOT to 
accurately model light propagation. A simplified spherical harmonics 
approximation to the radiative transport equation (the TD-pSPN 
model) we previously derived serves as the forward model in our 
DOT algorithm, which uses full time-domain optical measurements. 
The inverse problem is formulated as a constrained least-squares 
optimization problem solved using a nested analysis and design 
method. We perform several numerical experiments for a medium that 
mimics a slice of a small animal with an absorptive inclusion. We use 
typical values of the optical coefficients found in biological tissues 
in the near-infrared (NIR) spectrum, including high absorption values 
for the inclusion. We are able to recover the absorption distribution 
accurately (spatial distribution and corresponding values) in all the 
cases with the order N = 3 of the TD-pSPN model.

8088-28, Session 5

A semi-analytical perturbation model for 
diffusion tomogram reconstruction from 
time-resolved optical projections
A. B. Konovalov, V. V. Vlasov, A. S. Uglov, Russian Federal 
Nuclear Ctr. - All-Russian Research Institute of Experimental 
Physics (Russian Federation); V. V. Lyubimov, S.I. Vavilov State 
Optical Institute (Russian Federation)

This paper proposes a perturbation model for time-domain diffuse 
optical tomography in the flat layer transmission geometry. We derive 
the analytical representation of the weighting function that models 
the imaging operator by using the diffusion approximation of the 
radiative transfer equation and the perturbation theory by Born. 
To evaluate the weighing function for the flat layer geometry, the 
Green’s function of the diffusion equation for a semi-infinite scattering 
medium with the Robin boundary condition is used. For time-domain 
measurement data we use the time-resolved optical projections 
defined as relative disturbances in the photon fluxes, which are caused 

by optical inhomogeneities. To demonstrate the efficiency of the 
proposed model, a numerical experiment was conducted, wherein 
a rectangular scattering object with two absorbing inhomogeneities 
and the randomly inhomogeneous component was reconstructed. 
Test diffusion tomograms are recovered by means of the multiplicative 
algebraic reconstruction technique modified by us to attain better 
convergence of the iterative procedure. It is shown that nonstandard 
interpretation of the time-domain measurement data makes it 
possible to use different time-gating delays for regularization of the 
reconstruction procedure. To regularize the solution, we state the 
reconstruction problem for an augmented system of linear algebraic 
equations. At the recent stage of study the time-gating delays for 
regularization are selected empirically.

8088-29, Session 5

A semi-analytic method for continuous-
wave diffuse optical tomography
R. P. K. Jagannath, P. K. Yalavarthy, Indian Institute of Science 
(India)

Diffuse optical tomography (DOT) involves estimation of tissue optical 
properties using non-invasive boundary measurements. The inverse 
problem of DOT is nonlinear, ill-posed, and ill-determined. The recovery 
of the absorption coefficient in DOT largely relied on the use of model-
based image reconstruction technique and the procedure is to match 
the modeled data iteratively with the experimental measured data. In 
this iterative procedures, a large matrix, called the sensitivity matrix 
(Jacobian), is calculated to find the update of the absorption coefficient 
in each iteration. Calculating the Jacobian consumes 70% of the 
computation time in each iteration.In this study, we propose a semi-
analytic approach, that uses modified Beer’s Law for updating the 
Jacobian along with calculation of forward data. It is shown that the 
reconstructed distributions match with the traditional reconstruction 
results within 1%. The computational speed-up using this approach 
could be up to a factor of seven when compared with the traditional 
reconstruction.

8088-30, Session 6

Hyperspectral fluorescence tomography of 
quantum dots using the simplified spherical 
harmonics equations
A. D. Klose, Columbia Univ. (United States)

Hyperspectral excitation-resolved fluorescence tomography (HEFT) 
offers an alternative way how fluorescence tomography (FT) of 
quantum dots could be performed. It only uses a single excitation 
source with tunable wavelength selection for fluorescence stimulation. 
No spatial source-detector multiplexing is required for the purpose of 
three-dimensional image reconstruction. This approach suggests a 
technologically simpler design, but still providing image reconstruction 
results comparable to images obtained by conventional FT. The 
excitation field is a function of tissue absorption that varies over three 
orders of magnitudes between 560 nm and 660 nm. The relative 
amount of excited quantum dots is, therefore, wavelength-dependent 
as well and the emission strength of the fluorescent reporter 
probes will encode for their location inside tissue. Subsequently, 
the fluorescence light is measured on the surface at only a single 
wavelength, but for different partially overlapping wavelength bands 
of the excitation spectrum. The partial current on the tissue surface 
is cast into an algebraic system of equations, which is solved for the 
unknown quantum dot distribution with an expectation-maximization 
(EM) method. Last, the light propagation model for predicting the 
boundary current is based on two coupled diffusion equations of a SP5 
radiative transfer model with partially reflective boundaries. It is solved 
with a parallel blocking-off finite-difference method. In vivo and ex vivo 
image reconstruction results will be presented.
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8088-31, Session 6

Toward absolute quantification in CW-fDOT 
systems: use of a priori information
A. Planat-Chrétien, A. Koenig, J. Coutard, L. Hervé, M. 
Brambilla, J. Dinten, Commissariat à l’Énergie Atomique 
(France)

The use of continuous wave fluorescence-enhanced diffuse optical 
tomography (CW-fDOT) is attractive for its simplicity and effective cost. 
However in continuous excitation mode, there is no way to determine 
the optical parameters preventing the absolute quantification of the 
fluorescence distribution in the object. This is a limitation for the 
biologist end-user, since comparison of fluorescence amount between 
organs is impossible without further calibration procedure. We show 
in this paper that the reconstructed fluorescence depends on the local 
diffusion coefficient and demonstrate that the a priori knowledge of 
specific optical parameters may lead to the reconstruction of absolute 
quantification of the fluorophore distribution. In this context, we point 
out the potentiality of a bimodal instrument coupling functional and 
morphological information to provide information on the distribution of 
organs. Its association to an atlas enables an absolute quantification 
of fluorophore distribution. We give some results achieved thanks to 
the fDOT algorithm we developed for cylindrical geometries. Finally 
we validate the use of atlases to achieve absolute quantification by 
simulations of heterogeneous phantoms with multiple fluorescent 
inclusions.

8088-32, Session 6

Development of image reconstruction 
algorithms for fluorescence diffuse optical 
tomography using total light approach
S. Okawa, Y. Yamada, The Univ. of Electro-Communications 
(Japan); H. Yamamoto, FUJIFILM Corp. (Japan); Y. Miwa, Univ. 
of Tsukuba (Japan)

Near-infrared biomedical optical imaging attracts much attention in 
recent years. Especially, fluorescence diffuse optical tomography 
(FDOT) is an imaging technology that reconstructs the distributions of 
fluorophores in biological tissues in vivo. It allows us minimally invasive 
and continuous observations of the behaviors of the drugs tagged by 
fluorophores in specific subjects. Therefore, it is useful for pre-clinical 
testing of newly developed drugs using small animals. 

To improve the performance of FDOT, we have developed a technique 
of the total light approach using continuous wave light for excitation. 
Basically, the total light is calculated with excitation and emission 
lights, and from the total light, the absorption coefficients of the 
medium without the fluorophore can be reconstructed by use of DOT 
algorithm. By subtracting the absorption coefficients calculated with 
the total light from that with the excitation light, the distribution of 
fluorophor is reconstructed. We have also developed an algorithm that 
incorporates the concept of truncated singular value decomposition 
(TSVD) into the algebraic reconstruction technique (ART) in the 
inverse process. The performance of this algorithm is demonstrated 
by simulation of FDOT for a numerical phantom of a mouse using 
the numerically generated measurement data containing noises. The 
experimental setup had 1 source (CW LD, 730nm) and 11 detectors 
(PD, 750-785nm), which were installed in a rotation unit where the 
object was inserted. So a set of 12 x 11 = 132 data was obtained 
which was used for 2D image reconstruction. The phantom made of 
silicone rubber containing TiO2 and carbon particles had a shape of 
mouse. Our CW measurement system and the reconstruction algorithm 
reconstruct the distribution of the fluorophore, and the proposed 
modification of the ART improves the robustness to noises.

8088-33, Session 6

Multi-wavelength diffusive optical 
tomography using independent component 
analysis and time reversal algorithms
M. Alrubaiee, B. Wu, The City College of New York (United 
States); M. Xu, Fairfield Univ. (United States); W. Cai, S. K. 
Gayen, The City College of New York (United States)

Optical imaging using independent component analysis (OPTICA) 
and time reversal optical tomography (TROT) approaches are used to 
detect, locate, and obtain cross-section images of two tumor pieces 
inside a model human breast assembled using ex vivo human breast 
tissues and configured as a semi-cylindrical slab of uniform thickness. 
The experimental arrangement realized a multi-source probing scheme 
to illuminate an end face (source plane) of the slab sample using 
750 nm, 800 nm and 830 nm beams of laser light. A multi-detector 
signal acquisition scheme measured transmitted light intensity 
distribution on the other end face (detection plane). This combined 
multi-source probing and multi-detector sensing approach culminated 
in multiple spatial and angular views of the sample necessary for 
target localization. The perturbations in light intensity distribution in 
the detection plane were analyzed using the OPTICA and the TROT 
approaches to obtain locations of the tumor pieces. A back-projection 
technique provided cross-section images and estimates of cross 
section of the targets within the sample. The estimated locations and 
dimensions of targets are in good agreement with the results of a 
corroborating magnetic resonance imaging experiment and known 
values.

8088-34, Session 6

Extended-Kalman-filter-based image 
reconstruction for stationary diffuse optical 
tomography
L. Chen, National Central Univ. (Taiwan); M. Pan, Tung Nan 
Institute of Technology (Taiwan); M. Pan, National Central Univ. 
(Taiwan)

In diffuse optical tomography, the optical coefficient distribution of 
the unknown object being investigated is estimated form boundary 
measurements induced by near-infrared light source with the aid of 
various reconstruction algorithms. In this paper, we propose a diffuse 
optical tomography image reconstruction algorithm based on the 
extended Kalman filter to estimate the optical coefficient distribution 
in the object. The extended Kalman filter adopted is specialized to the 
case where the state (optical coefficients) of the underlying dynamical 
system stays constant and the measurement equation is nonlinear, 
which suit for the static image reconstruction in diffuse optical 
tomography. Computer simulation with synthetic data is provided to 
illustrate the reconstruction performance of the proposed algorithm.

8088-35, Session 6

Classification of optical tomographic 
images of arthritic fingers with quadratic 
discriminate analysis
L. D. Montejo, H. Kim, Y. Häme, J. Jia, Columbia Univ. (United 
States); J. D. Montejo, Harvard Univ. (United States); U. J. Netz, 
Laser- und Medizin-Technologie GmbH, Berlin (Germany); 
S. Blaschke, P. A. Zwaka, Universitätsmedizin Göttingen 
(Germany); G. A. Müeller, Universitätsmedizin Göttingen 
(United States); J. Beuthan, Charité Universitätsmedizin Berlin 
(Germany); A. H. Hielscher, Columbia Univ. (United States)

A study on the effectiveness of computer-aided diagnosis of 
rheumatoid arthritis (RA) from frequency-domain diffuse optical 
tomographic (FDOT) images is presented. Data used in this work was 
obtained from a clinical trial in which 20 healthy volunteers and 33 
patients with RA were imaged at 600 MHz. Imaging of PIP joints II-IV 
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was performed on the right and left hand of each healthy volunteers, 
while imaging of PIP joints II-IV was performed on the dominant hand 
of patients with RA. Optical parameters were reconstructed using a 
PDE-constrained optimization algorithm, where the radiative transfer 
equation is used to model propagation of near infra-red light. Each 
FDOT reconstruction yields volumetric distributions of the absorption 
and scattering coefficients within a given finger. A three-dimensional 
region of interest (ROI) is defined within the absorption and scattering 
volumetric distributions that includes all data points except points less 
than 2mm from the boundary. Three features are extracted from each 
ROI: maximum, minimum, and variance of the volumetric distributions. 
An additional features, ratio, is defined as the ratio of maximum and 
minimum. Quadratic discriminate analysis (QDA) of the extracted 
features is used to classify patients as affected or not affected by 
RA. Sensitivity (Se), specificity (Sp), and Youden index (Y) quantify 
the success of the QDA classification method. The highest Youden 
index (Y = Se + Sp) obtained when absorption and scattering features 
are combined is Y = 0.75 (Se = 0.84, Sp = 0.91), while Y = 0.65 and 
Y = 0.70, when absorption or scattering were used separately for 
classification, respectively. Thus, combining features from absorption 
and scattering images allows for better classification than when 
absorption or scattering features are considered independently.

8088-55, Poster Session

Depth-resolved quantitative measurement 
of cerebral blood flow using broad-band 
near infrared spectroscopy and a two-layer 
head model
V. Y. Toronov, Ryerson Univ. (Canada); J. T. Elliott, T. Lee, K. St. 
Lawrence, The Univ. of Western Ontario (Canada)

With an estimated 10 million people affected annually by the traumatic 
brain injury worldwide, it will surpass many diseases as the major 
cause of death and disability by the year 2020. Complications that 
disrupt blood flow to the brain and exacerbate neurological injury often 
go undetected because no adequate bedside measure of cerebral 
blood flow (CBF) exists. We propose an algorithm based on a two-
layer optical model to quantify CBF from dynamic contrast-enhanced 
near-infrared data acquired with a two-channel broadband system. The 
key novel aspect of the algorithm is the ability to separate the contrast 
agent concentration, indocyanine green (ICG), in extracerebral (EC) 
tissue and cerebral cortex by representing the (EC) tissue as the top 
optical layer and the brain as the bottom optical layer. Experiments 
were conducted on a juvenile pig model. Broadband near-infrared 
spectra were acquired at source-detectors distances of 1 and 3 
cm. The first step of the algorithm was to find the baseline optical 
properties of the layers by a multi-parameter wavelength-dependent 
data fit of a photon diffusion equation solution for a two-layer media. 
The second step was to use the baseline optical properties to separate 
the ICG concentration time course in brain from the ICG time course 
in EC tissue. The final step was to calculate CBF from the cerebral ICG 
time course. The resulting CBF measurements were in good agreement 
with concurrent measurements acquired by computed tomography, 
which a difference of 10%.

8088-56, Poster Session

Dual-modality small animal 
bioluminescence/diffuse optical tomography 
system
J. A. Guggenheim, H. Dehghani, H. Basevi, I. B. Styles, J. 
Frampton, The Univ. of Birmingham (United Kingdom)

Key ideas and results charting the development and validation of a new 
combined bioluminescence and diffuse optical tomography (BLT/DOT) 
imaging system for in vivo small animal studies will be presented. The 
system utilises multiple band-pass filters for multi-spectral imaging and 
surface topography reconstruction technology alongside multi-view 
‘stationary system’ data collection strategies to collect tomographic 
data. The system combines several recent conceptual advancements 
in the field of BLT within a single multi-modal system. It has been 
shown theoretically and practically within other multi-modal, for 

example CT-BLT, systems that complete or partial prior knowledge of 
underlying optical properties can greatly enhance BLT reconstructions 
and the addition of spectral DOT serves the purpose of providing 
underlying chromophore concentration data with which to inform 
the bioluminescence reconstruction whilst also providing functional 
data with which to aid e.g. tumour characterisation/localisation. 
BLT and DOT reconstructions are performed using an established 
finite element model (FEM) approach and combined to produce 
enhanced source localisation. Results are presented concerning the 
optimisations to data collection and reconstruction strategies including 
optimal wavelength selection for both multi-spectral DOT and multi-
spectral BLT, optimal choice of components and optimal system 
design. Images of 3D volumetric source distribution maps of multiple 
bioluminescent sources will be presented from physical phantoms and 
the current level of reliability/accuracy is investigated. Future directions 
specifically involving in vivo studies into anti-cancer drug efficacy, 
delivery and mechanisms will be presented.

8088-57, Poster Session

Estimation of the responsivity of detection 
systems in diffuse tissue optics
H. Wabnitz, D. R. Taubert, O. Steinkellner, M. Mazurenka, A. 
Jelzow, Physikalisch-Technische Bundesanstalt (Germany); A. 
Torricelli, D. Contini, L. Spinelli, Politecnico di Milano (Italy); P. 
Sawosz, D. Milej, A. Liebert, Institute of Biocybernetics and 
Biomedical Engineering (Poland); R. Macdonald, Physikalisch-
Technische Bundesanstalt (Germany)

A method has been devised to measure the responsivity of the 
detection system, i.e. the overall efficiency to collect and detect light 
that emerges from tissue with an approximately Lambertian angular 
distribution. The responsivity depends on the area of the detection 
fiber or fiber bundle and/or the area of the detector and on the effective 
acceptance angle of the fiber together with the relay optics. In addition, 
the transmittance of the optical system and the quantum efficiency 
of the detector influence the responsivity. It is difficult to quantify 
these individual factors separately, but their combined assessment is 
feasible.

Dedicated solid slab phantoms have been developed and 
quantitatively spectrally characterized to provide sources of known 
radiance with a nearly Lambertian angular characteristic. The 
photon radiance is obtained as a product of the phantom-specific, 
wavelength-dependent transmittance factor (on the order of 10^20/
(W s m^2 sr)) and the input power impinging on the phantom. The 
responsivity of an instrument is given by the ratio of photon count 
rate detected and input photon radiance. The transmittance factor 
of the phantoms was measured with a radiometric setup based on a 
calibrated Si photodiode detector.

The responsivity test is part of one of the protocols developed 
within the European project “nEUROPt” to assess and compare 
the performance of instruments for time-domain optical brain 
imaging. However, the concept is applicable to any photon migration 
instrument.

The responsivity has been measured for various instruments of several 
partners of the nEUROPt consortium. A comparison for different 
detector configurations provides indications for instrumental design. 
Moreover, the knowledge of the responsivity of the instruments can be 
utilized to derive additional information from in-vivo measurements, 
i.e. the diffuse reflectance or transmittance of the tissue under 
investigation can be quantified for a given source-detector geometry.

8088-58, Poster Session

Principal and independent component 
analysis of concomitant functional near 
infrared spectroscopy and magnetic 
resonance imaging data
V. Y. Toronov, I. Schelkanova, Ryerson Univ. (Canada)

Although near infrared spectroscopy (NIRS) is now widely used both 
in emerging clinical techniques and in cognitive neuroscience, the 
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development of the apparatuses and signal processing methods for 
these applications is still a hot research topic. The main unresolved 
problem in functional NIRS is the separation of functional signals from 
the contaminations by systemic and local physiological fluctuations. 
This problem was approached by using various signal processing 
methods, including the blind signal separation techniques. In 
particular, the principle component analysis (PCA) and the independent 
component analysis (ICA) were applied to the data acquired at the 
same wavelength and at multiple sites on the human or animal heads 
during functional activation. These signal processing procedures 
resulted in a number of independent or principal components that 
could be attributed to the functional activity but their physiological 
meaning remained unknown. On the other hand, the best physiological 
specificity is provided by the broadband NIRS. Also, a comparison 
with fMRI allows determining the spatial origin of fNIRS signals . In 
this study we applied PCA and ICA to broadband NIRS data to distill 
the components correlating with the breath hold activation paradigm 
and compared them with the simultaneously acquired fMRI signals. 
Although the original signals were quite diverse, we found very few 
different components, which corresponded to fMRI signals at different 
locations in the brain and to different physiological chromophores.

8088-59, Poster Session

Determination of the reduced scattering 
and absorption coefficients by spatially 
resolved reflectance and total reflectance 
measurements
F. Foschum, M. Heine, A. Kienle, Univ. Ulm (Germany)

STUDENT PAPER AWARD

In recent years big efforts have been made to determine the reduced 
scattering coefficient and the absorption coefficient in semiinfinite 
media which are both scattering and absorbing. There are several 
methods to measure these coefficients. Even though the relative errors, 
as estimated by multiple measurements with one method, are relatively 
small there are sometimes huge deviations when different methods 
are compared. The idea of this study is to have independent methods 
confirming each other. 

We used spatially resolved reflectance for measuring the reduced 
scattering coefficient over a broad spectral range for diluted Intralipid 
20% (Fresenius Kabi). These values are compared to those measured 
with an integrating sphere. In addition we measured absorption 
coefficient for diluted Intralipid and ink between 400nm and 950nm 
with the total reflectance method using a priori knowledge of the 
reduced scattering coefficient which is measured with the spatially 
resolved reflectance. 

The excellent agreement of the absorption coefficients, measured with 
this method and the collimated transmission, shows the accuracy 
of both methods. It also confirms that the used reduced scattering 
coefficient, measured with the spatially resolved reflectance, and 
therewith the whole spatially resolved reflectance method is accurate.

Using the combination of the spatially resolved reflectance and the 
total reflectance we are able to determine the reduced scattering 
coefficient and the absorption coefficient in a broad range with 
high accuracy. With the use of the total reflectance we eliminate 
the inaccuracy of the spatially resolved reflectance in determining 
absorption coefficient and exclude systematic errors in both methods.

8088-60, Poster Session

Frequency domain diffuse fluorescence 
tomography for detection of deep lesions
U. J. Netz, I. Gersonde, J. Toelsner, G. Illing, Laser- und 
Medizin-Technologie GmbH, Berlin (Germany)

Near infrared fluorescence imaging offers the possibility to find and 
identify pathologic lesions in human tissue when targeted with a 
fluorophor-labeled specific marker. For in-vivo measurements in human 
tissue fluorescence signals are typically measured in a backscattering 
geometry. With continuous wave fluorescence imaging it is hardly 
possible to find out the correct depth and size of a lesion by analyzing 

the diffusely scattered fluorescence light distribution at the surface. 
The intensity distribution depends on the depth, volume and the 
concentration of the fluorophor. A deep fluorescence point source 
shows a similar distribution like a flat fluorophor distribution near the 
surface. In frequency domain optical imaging the excitation light and 
thereby fluorescence light too are modulated with radio frequencies. 
This leads to so called photon density waves (PDW) travelling through 
the tissue. The phase delay of the fluorescence PDW gives information 
about the time the light has been traveled through the tissue and thus 
information about the depth of the fluorescence source. To achieve 
high resolution in depth determination, radio frequencies of several 
hundred MHz are necessary or a sufficient high resolution in phase 
measurement. Scanning a laser beam as a point source across the 
surface enables tomographic reconstruction of the three-dimensional 
fluorophor distribution from the amplitude and phase images for every 
source position.

We present two-dimensional measurements of fluorescence 
light distribution in the frequency domain up to 800 MHz. Stable 
phantoms were developed to perform measurements for a variety of 
cylindrical fluorescence sources with different diameters, fluorophor 
concentrations, and surface distances at different modulation 
frequencies. To gain an insight into the achievable resolution model, 
calculations for tomographic reconstruction in a homogenous linear 
system with synthetic fluorescence distributions have been performed.

8088-61, Poster Session

Comparative investigation into the influence 
on the optical data due to inclusion location, 
size and contrast for frequency-domain 
diffuse optical imaging system
L. Chen, National Central Univ. (Taiwan); M. Pan, Tung Nan 
Institute of Technology (Taiwan); M. Pan, National Central Univ. 
(Taiwan)

An attempt to investigate the influences was carried out on the 
frequency-domain diffuse optical data because of the tumor location, 
size, and contrast. Various simulated phantoms were designed for 
the investigation by using the diffusion equation as the light transport 
model, where different factors were considered such as the off-center 
distance, the size ratio, and the contrast of an inclusion (tumor) to the 
background; three measures/criteria, attenuation depth, width and 
measurement resolution, are defined to describe such an influence on 
the detected optical data including amplitude and phase for a circular 
phantom. With this investigation, it can further refer to some criteria 
from this systematic analysis to judge the limit of NIR DOT system on 
the measurement and differentiation of varied tumor conditions.

8088-62, Poster Session

Uncertainty analysis for fluorescence 
tomography with Monte Carlo method
A. Köstinger, M. Freiberger, H. Scharfetter, Technische Univ. 
Graz (Austria)

Fluorescence tomography seeks to image an inaccessible fluorophore 
distribution inside an object like a small animal by injecting light at the 
boundary and measuring the light emitted by the fluorophore. Optical 
parameters (e.g. the conversion efficiency or the fluorescence life-time) 
of certain fluorophores depend on physiologically interesting quantities 
like the pH value or the oxygen concentration in the tissue, which 
allows functional rather than just anatomical imaging.

To reconstruct the concentration and the life-time from the boundary 
measurements, a nonlinear inverse problem has to be solved. It is, 
however, difficult to estimate the uncertainty of the reconstructed 
parameters in case of iterative algorithms and a large number of 
degrees of freedom. For this purpose, in this paper a Markov chain 
Monte Carlo method (MCMC) was used.

The forward problem consists of a coupled system of PDEs on the 
basis of the diffusion approximation of Boltzmann’s transport equation 
and can be solved with the finite element method.

To explore the uncertainties, that can be caused by data noise, 
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model inaccuracies and prior errors, the posterior distribution must 
be sampled. The posterior distribution is the probability of a state or 
parameter set, given the measurement data. A Metropolis-Hastings 
algorithm was used to simulate the Markov chain and therefore to draw 
the samples. 

Preliminary results show a very small life-time uncertainty, while the 
concentration identification is more uncertain assuming a Gaussian 
distributed fluorophore concentration and a piecewise constant life-
time in this inclusion.

8088-63, Poster Session

Using the topological derivative for 
initializing a Markov-chain Monte-Carlo 
reconstruction in fluorescence tomography
M. Freiberger, Technische Univ. Graz (Austria); A. Laurain, M. 
Hintermüller, Univ. Graz (Austria); A. Köstinger, H. Scharfetter, 
Technische Univ. Graz (Austria)

Fluorescence tomography aims at the reconstruction of the 
concentration and life-time of fluorescent inclusions from boundary 
measurements of light emitted. This ill-posed problem is often solved 
with gradient descent of Gauss-Newton methods, for example. 
Unfortunately, these approaches don’t allow to assess the quality of 
the reconstruction (e.g. the variance and covariance of the parameters) 
and also require the tuning of regularization parameters.We intend to 
mitigate this by the application of topological derivatives and Markov-
chain Monte-Carlo (MCMC) methods for solving the inverse problem.

This submission focuses on the topological derivative, which is used 
for the initialization of the MCMC code. The basic idea is to probe 
every location inside the domain with an infinitely small fluorescent 
ball and to estimate the effect of such a perturbation on the residual, 
which is the difference of the theoretically predicted data to the true 
measurement. Obviously, the reconstructed inclusions should be 
placed at locations for which the topological derivative is significantly 
negative, i.e. where the residual decreases. Previous results show 
that first-order approximations are not sufficient for this task because 
they probe only single points in the object and cannot handle the 
interactions between multiple inclusions, thus. As is show, adding 
higher-order terms mitigates this problem. With this extension the 
topological derivative can be utilized as a one-step method for the 
determination of the number of inclusions and their approximate 
locations. This outcome is used as initialization for the MCMC 
algorithm.

8088-64, Poster Session

Numerical modeling of light propagation 
in biological tissues: time-resolved 3D 
simulations based on light diffusion model 
and FDTD solution of Maxwell’s equations
N. Ortega-Quijano, Univ. de Cantabria (Spain); O. G. Romanov, 
Belarusian State Univ. (Belarus); F. Fanjul-Vélez, I. Salas-García, 
Univ. de Cantabria (Spain); A. L. Tolstik, Belarusian State Univ. 
(Belarus); J. L. Arce-Diego, Univ. de Cantabria (Spain)

There exist several models for light beam propagation, from which the 
most widely used ones are the slowly varying envelope approximation 
of the wave equation, the Radiation Transport Theory (RTT), the Monte-
Carlo method (MC), and the finite-difference time-domain method 
(FDTD) for direct solution of Maxwell’s equations. In this work, optical 
propagation through turbid media is analyzed by FDTD simulation. 
In particular, the method is applied to biological tissues. Continuous 
light propagation in turbid media has been widely studied, but pulsed 
light propagation has received less interest due to its complexity. 
Therefore, in this work we focus on pulsed light. FDTD method is 
applied to several media with optical parameters in the typical range 
of those observed in biological tissues. We perform an analysis of the 
variations of pulsed light propagation as a function of the scatterers 
characteristics (namely size, concentration, and optical contrast). The 
results are compared with those obtained by the use of the diffusion 
approximation. The potential of the FDTD method over the diffusion 

model is given by its high accuracy, its capacity to perform time-
resolved simulations, and the fact that it carries all the information 
about the phase and coherence of the wavefront. The results of this 
work can be applied to a wide range of areas of interest like the time-
resolved study of ultrashort light pulses propagation, the optimization 
of optical penetration depth, the coherence properties of pulsed light, 
and the effect of modified wavefronts in light propagation.

8088-36, Session 7

NIRFAST: An interactive GUI driven toolbox 
for modelling and image reconstruction in 
optical imaging
H. Dehghani, The Univ. of Birmingham (United Kingdom); 
M. Jermyn, S. Davis, S. Srinivasan, V. Krishnaswamy, H. R. 
Ghadyani, F. Leblond, Dartmouth College (United States); Q. 
Zhu, The Univ. of Birmingham (United Kingdom); B. W. Pogue, 
Dartmouth College (United States)

Much work has been carried out for accurate modelling and 
image reconstruction from clinical data based on such imaging 
technologies. NIRFAST, an interactive, menu driven modelling and 
image reconstruction package has been developed, which is capable 
of single wavelength and multi-wavelength optical or functional 
imaging from measured data. The recovery of optical parameters 
from boundary measurements of light propagation within tissue 
is inherently a difficult one, because the problem is nonlinear, ill-
posed and ill-conditioned. Therefore, different image reconstruction 
algorithms, depending upon different types of prior information have 
been developed and utilised within NIRFAST. An outline of different 
functions of NIRFAST is presented, providing the users with a unique 
fully interactive toolbox to allow the understanding of light-tissue 
interactions as well as the tools to allow a general framework for image 
reconstruction. The key features of this package are discussed and 
current development and future directions are outlined.

8088-37, Session 7

3D near-infrared imaging based on a single-
photon avalanche diode array sensor
J. Mata Pavia, Univ. Hospital Zürich (Switzerland) and 
Ecole Polytechnique Fédérale de Lausanne (Switzerland); 
E. Charbon, Ecole Polytechnique Fédérale de Lausanne 
(Switzerland) and Technische Univ. Delft (Netherlands); M. Wolf, 
Univ. Hospital Zürich (Switzerland)

An imager for optical tomography was designed based on a detector 
with 128x128 single-photon pixels that included a bank of 32 time-to-
digital converters. Due to the high spatial resolution and the possibility 
of performing time resolved measurements, a new contactless setup 
has been conceived in which scanning of the object is not necessary. 
This enables the possibility of performing high-resolution optical 
tomography with much higher acquisition rate, which is fundamental in 
clinical applications. The setup has a resolution of 97ps and operates 
with a laser source with an average power of 3mW. This new setup 
generated a high amount of data that could not be processed by 
established methods, therefore new concepts and algorithms were 
developed to take full advantage of it. Images were generated using a 
new reconstruction algorithm that combined general inverse problem 
methods with Fourier transforms in order to reduce the complexity of 
the problem. Simulations show that the potential resolution of the new 
setup is in the order of millimeters. Experiments have been performed 
to show this potential. Images derived from the measurements 
demonstrate that we have already reached a resolution of 5mm.

8088-38, Session 8

Acousto-optic imaging using a powerful 
long pulse laser and digital holography
E. Benoit, S. Farahi, E. Bossy, F. Ramaz, Ecole Supérieure de 
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Physique et de Chimie Industrielles (France)

Acousto-optic tomography is a technique that couples ultrasounds 
and light in order to measure local optical properties through thick 
and highly scattering media, e.g human breast tissues. Thanks to the 
acousto-optic effect, we can get the optical contrast information given 
by light and get the spatial localization from the ultrasound longitudinal 
waves. 

The use of a powerful long pulse laser (1 ms, 200 mJ) helps to improve 
the sensitivity of the technique by raising the optical peak power 
and collect more ultrasound tagged photons. Moreover its tunable 
wavelength around 780 nm is appropriate for biological imaging since 
it is where light has its maximum penetrating depth in tissues.

Detection of acousto-optic signals is done by off-axis heterodyne 
digital holography on a high speed CMOS camera. This enables us to 
make a tunable spatio-temporal filter with a high signal to noise ratio. 

We also demonstrate the possibility to use a conventional pulsed 
ultrasound scanner to generate acousto-optic signals that can at the 
same time record ultrasound images.

We image optical absorbers embedded within a thick scattering media 
(few centimeters). Our technique represents an interesting approach to 
multimodal imaging for breast cancer detection.

8088-39, Session 8

Photorefractive acousto-optic imaging in 
the therapeutic window with a conventional 
pulsed ultrasound scanner
S. Farahi, Ecole Supérieure de Physique et de Chimie 
Industrielles (France); A. A. Grabar, Uzhgorod National Univ. 
(Ukraine); J. Huignard, Jphopto-Consultant (France); F. Ramaz, 
Ecole Supérieure de Physique et de Chimie Industrielles 
(France)

Acousto-optic tomography is a technique that couples ultrasounds 
and light in order to measure local optical properties through thick 
and highly scattering media, e.g human breast tissues. Thanks to the 
acousto-optic effect, we can get the optical contrast information given 
by light and get the spatial localization from the ultrasound longitudinal 
waves. 

To minimize absorption in biological tissues, it is recommended to work 
within the “Optical Therapeutic window”, which mainly corresponds 
to the near-infrared wavelengths. Since our aim is to image objects 
embedded within very thick media, it is interesting to use a wavelength 
where the light has its maximum penetrating depth in tissues. 

Using a Tellurium doped Sn2P2S6 (tin thiohypodiphosphate) 
photorefractive crystal enables us to perform a self-adaptive wave-
front holographic detection of the ultrasound modulated photons at 
780 nm which is a wavelength that is weakly absorbed by biological 
tissues. We image absorbing objects embedded within a thick 
scattering phantom by use of a microsecond pulse regime to the 
ultrasound in order to get a dynamic millimetric axial resolution. These 
results open interesting perspectives for the use of this crystal for 
biomedical applications and a great advantage of photorefractive 
holography is that the amount of data that needs to be processed 
is low thus increasing its convenience for real-time in vivo imaging. 
We also demonstrate the possibility to use a conventional ultrasound 
scanner, enabling us to quickly acquire 2D images.

8088-40, Session 8

Quantitative photoacoustic blood 
oxygenation measurement of whole porcine 
blood samples using a multi-wavelength 
semiconductor laser system
C. Friedrich, M. P. Mienkina, C. Brenner, N. C. Gerhardt, 
Ruhr-Univ. Bochum (Germany); M. Jörger, A. Straus, Ilias-
medical GmbH (Germany); M. F. Beckmann, G. Schmitz, M. R. 
Hofmann, Ruhr-Univ. Bochum (Germany)

We present a photoacoustic measurement system based on 
semiconductor lasers for blood oxygenation measurements. It allows 
for using four different optical wavelengths (650nm, 808nm, 850nm, 
905nm) to generate photoacoustic signals. As the optical extinction 
coefficient of oxygenated hemoglobin and deoxygenated hemoglobin 
is different at specific wavelengths, a blood oxygenation measurement 
by a multi-wavelength photoacoustic laser system is feasible. 
Especially at 650nm, the clear difference between the extinction 
coefficients of the two hemoglobin derivates permits to determine 
the blood oxygenation in combination with other near infrared 
wavelengths. A linear model based on tabulated values of extinction 
coefficients for fully oxygenated and fully deoxygenated hemoglobin 
was utilized. We used heparin stabilized whole porcine blood 
samples to model the optical behavior of human blood, as the optical 
absorption behavior of porcine hemoglobin does not differ significantly 
from human hemoglobin. To determine the real oxygen saturation 
values of the blood samples, we measured the partial oxygen pressure 
with an IRMA Trupoint blood analysis system. The oxygen saturation 
values were calculated from a dissociation curve for porcine blood. The 
photoacoustic system was first calibrated by using a set of test blood 
samples. The results of the calibrated photoacoustic measurement 
are in good quantitative agreement with the values determined by 
the blood analysis system. Further, we analyze the abilities and the 
limitations of quantitative oxygenation measurements by a blood 
vessel mimicking sample. 

This project is funded by the German Federal Ministry of Education 
and Research (bmb+f grant no. 01 EZ 0707).

8088-41, Session 8

Design of a broadband near infrared 
spectroscopy (NIRS) and diffuse correlation 
spectroscopy (DCS) device with a self-
calibrated probe for experimental oncology
P. Farzam, T. Durduran, ICFO - Instituto de Ciencias Fotónicas 
(Spain)

In this work we present a device that combines both NIRS and DCS 
to measure the metabolic rate of mouse tumors. Since mice tumors 
are small (less than one centimeter in average), the source-detector 
separation should be small as well. 

CW spectroscopy utilizing broadband light sources and 
spectrophotometers is a good tool to work in this regime. It takes 
advantage of white light and multi-track spectrometers for NIRS to 
acquire a relatively complete spectrum from multiple separations and 
diffuse correlation spectroscopy to measure blood flow. 

Our key contribution is the probe design which is based on a rigorous 
computational simulation which employs a physical model for 
semi-infinite media. The properties of a typical tissue are given as 
optical properties of media. The desired probe is a semicircle (half a 
centimeter diameter). There is a source in one end of diameter and also 
a self-calibration source in the center, and 8 detectors for NIRS. The 
detectors for NIRS are located on the circumference of this semicircle 
so that they cover the whole dynamic range of our CCD. Since we 
want the DCS and DOS gives information about the same depth in the 
tissue, and source-detector separation is the indicator of depth and for 
DCS we have two sources and four detectors, all we need is finding a 
set of locations for these fibers on this probe such that it retrieves all 
eight source-detector separations of DOS probe. 

We have tested the initial design on basic phantoms and all phantoms 
contain water as background media, intralipid as scatterer and 
black ink as absorber. Since the spectrums of intralipid and ink are 
fairly flat we cannot separate µ_a, and µ_s’, but we can retrieve: 
k(λ)=sqrt(3µ_a(λ)×µ_s’(λ)). The properties are recovered quite 
accurately within the above-mentioned limitation.

We will present our results from more complex phantoms and from 
validation studies on murine tumors.
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8088-42, Session 8

Design and evaluation of a modular, digital, 
frequency domain diffuse optical monitor
N. H. Oliverio, J. C. Cifuentes, P. Farzam, R. Saiz, D. Mitrani, J. 
Ninou, O. Casellas, T. Durduran, ICFO - Instituto de Ciencias 
Fotónicas (Spain)

A digital, frequency domain diffuse optical monitor (FD-DOM) is 
designed and evaluated. The new design utilizes the latest advances in 
digital signal processing in an undersampled, heterodyne approach to 
enable a modular, flexible instrument without the limitations of analog 
hardware.

8088-43, Session 9

Time-domain diffuse optical spectroscopy 
beyond 1100 nm: initial feasibility study
A. Pifferi, Politecnico di Milano (Italy) and Consiglio Nazionale 
delle Ricerche (Italy); I. Bargigia, Politecnico di Milano (Italy); 
P. Taroni, Politecnico di Milano (Italy) and Consiglio Nazionale 
delle Ricerche (Italy); A. Farina, Politecnico di Milano (Italy); R. 
Cubeddu, Politecnico di Milano (Italy) and Consiglio Nazionale 
delle Ricerche (Italy)

Early detection of breast cancer can significantly improve survival 
rate and overall life quality. Collagen content was shown to correlate 
with breast density - a renown breast cancer risk factor - and is 
possibly related to the onset of breast carcinogenesis. Diffuse optical 
spectroscopy (DOS) is a potential means to derive non-invasively 
breast density. Also, quantification of collagen content in breast tissues 
was demonstrated in vivo by time-domain DOS. 

The goal of this work is to explore the feasibility of in vivo time-domain 
DOS beyond 1100 nm, and to investigate the spectral features of 
collagen. To this purpose, a novel system for time-domain DOS has 
been developed based on a pulsed supercontinuum source and an 
InGaAs photomultiplier.

For validation purposes, we measured the absorption spectrum of 
an Intralipid dilution in water. After 1200 nm, a dramatic signal drop 
is observed, most probably linked to the rapid decrease of detector 
sensitivity since water absorption is not ramping in the 1200-1300 nm 
range. There is a general agreement between the spectral features of 
Intralipid solution and tabulated water absorption, although we observe 
a shrinking of the curve in the region of maximum slope, possibly due 
to the non-negligible spectral width of the source. Right on the peak, 
the discrepancy is 10 %.

Initial measurements on the female breast were tried, achieving a 
reliable signal level up to 1200 nm. The spectrum is similar (yet not the 
same) to the water absorption, as should be since the volunteer has a 
dense breast type with a prevalence of water content. 

Finally, we characterized collagen powder. The signal is reasonable up 
to 1300 nm, that permits to observe a main absorption peak at 1200 
nm besides the lower one at 1020-1030 nm.

8088-44, Session 9

SNR enhancement by using polarized light 
for cortex functional imaging
A. da Silva, Institut Fresnel (France); P. Stahl, I. Vanzetta, 
Institut de Neurosciences Cognitives de la Méditerranée 
(France)

2D optical imaging of the exposed cortex has proven a valuable tool 
for functional exploration in biological research and neuroscience in 
particular. Yet, there remains concern over the fact that images are a 
weighted 2D projection of a combination of signals from superficial 
vessels and deeper layers of the cortex. The cortex (grey matter) 
corresponds to brain’s depths ranging from the sub-surface to 1 
or 2 mm, depending on species and cortical region. Conventional 
intrinsic optical imaging systems provide high-resolution functional 2D 

images. However, such systems do not allow depth discrimination. In 
vivo, optical imaging is usually performed in animal models, with the 
skull surgically removed, using a reflectance geometry. Under these 
conditions, imaging systems suffer from i) blurring due to specular 
reflections at the interface; ii) usually to avoid this problem, linear 
polarization illumination with cross-polarization detection is chosen, 
but in that case, the unpolarized backscattered detected photons are 
those who have undergone a large number of scattering events and 
hence a large proportion is likely to come from deep brain regions 
(white matter).

The technique presented is based on a polarimetric selection of the 
photons. Intuitively, polarized photons will more or less maintain their 
state of polarization when traveling through the medium depending 
on the absorption or scattering events. The technique is based on the 
fundamental findings that, for most of the studied biological tissues, 
circularly polarized light will maintain its polarization deeper inside a 
scattering medium than linearly polarized light.

8088-45, Session 9

Time-resolved diffuse reflectance 
measurements at large source-detector 
separation: phantom experiments with 
dynamic inflow of ICG
D. Milej, A. Liebert, A. Gerega, P. Sawosz, M. Kacprzak, 
N. S. Zolek, R. Maniewski, Institute of Biocybernetics and 
Biomedical Engineering (Poland)

Time-resolved measurements of diffuse reflectance were carried out 
using phantom with dynamic inflow of indocyanine green (ICG) in 
tubes located at different depths. For measurements multichannel 
time-resolved optical monitoring system was used. It was observed 
that the near infrared light can be detected non-invasively on the 
surface of the tissue at large interoptode distance (9cm). We applied 
five different source-detector separations (3 cm, 4 cm, 5 cm, 6cm and 
9 cm) and four different depths of location of the tube (1 cm, 3 cm, 5 
cm, 7 cm) in respect to the optodes position. For measurements at 
largest source-detector separation a small size photomultiplier tube 
(PMT) detector was positioned directly on the surface of the medium. 
The PMT-based detection channel in which the fiber bundles were 
avoided allowed to collect about 10 times more photons than photons 
acquisition channels utilizing fiber bundles. Presented study carried 
out on the physical phantom shows that for very large source-detector 
separation (9cm) changes of absorption located deeply in the medium 
can be assessed in diffuse reflectance signals whereas in classical 
source-detector configuration (3cm of interoptode separation) these 
signals are insensitive to such changes of absorption. However, 
such measurements require high power laser source combined with 
detection based on photomultiplier tube located directly on the surface 
of the tissue without the use of any optical elements (such as filters, 
bundles, fibers). Results of implementation of such an optical system 
in in-vivo measurements carried out in healthy volunteers will be also 
presented.

8088-46, Session 9

Comparison of polarized light depth 
penetration in scattering media
S. Rehn, A. Planat-Chrétien, M. Berger, J. Dinten, 
Commissariat à l’Énergie Atomique (France); C. Deumié, A. da 
Silva, Institut Fresnel (France)

2D-biomedical optical imaging systems are tools largely used in 
a variety of medical applications like burn diagnosis, skin cancer 
diagnosis and others. Nevertheless, they do not provide depth 
information. Use of unpolarized light has the drawback that only 
uncertain information about the probed depth volume is retrieved. 
Polarization gating allows probing tissues on specific depths 
depending on polarization type and tissue properties. Linearly and 
circularly polarization are common polarization types for this technique. 
Their limitation is a fix penetration depth for a given tissue which is 
limiting the detection precision in between both propagation depths.
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 Monte Carlo simulations validated in a semi-infinite medium that 
circularly polarized light maintains a higher degree of polarization 
(DOP) in depth compared to the DOP of linearly polarized light and 
that the DOP of elliptically polarized light is found between the two 
mentioned ones. Furthermore we propose and simulate the use 
of different elliptical polarized illuminations for continuous depth 
examination in between linearly and circularly polarized illumination. 
Elliptically polarization provides continuous depth selectivity which is 
crucial for precise depth volume investigation for several medical in 
vivo applications.

8088-47, Session 9

Analysis of the differences in diffuse 
reflectance spectra of skin due to detection 
system
S. Takano, E. Okada, Keio Univ. (Japan)

The analysis of diffuse reflectance spectra of human skin using a 
multi-layered model is applied to a variety of fields. Skin has complex 
multi-layered structure and the penetration depth of the detected light 
depends upon wavelength dependence of the optical properties of 
each layer. The wavelength dependence of the penetration depth of 
the detected light should be considered to analyse diffuse reflectance 
spectra of skin. 

In this study, we analyse the differences in diffuse reflectance 
spectra caused by the differences in wavelength dependence of the 
penetration depth due to detection systems. The reflectance spectra of 
skin are predicted by a model based upon the multi-layered model. 

The results are compared with the reflectance spectra of skin of four 
volunteers measured with a fibre probe and an integrating sphere. 
The spectra predicted from the model reasonably agree with the 
experimental spectra of human skin. The wavelength dependence of 
the reflectance measured with the fibre probe is different from that 
measured with the integrating sphere, especially in the wavelength 
range from 600 to 700 nm. The wavelength dependence of the 
reflectance measured with the fibre probe in this wavelength range is 
less significant than that measured with the integrating sphere. 

We analyse the differences in terms of the wavelength dependence 
of the penetration depth of the detected light. The penetration depth 
of the light detected with the fibre probe is almost the same as that 
detected with the integrating sphere in short wavelength whilst 
that detected with the fibre probe is deeper than that detected with 
the integrating sphere in long wavelength. Hence, the wavelength 
dependence of the penetration depth of the detected light is affected 
by the detection system and it causes the differences in the diffuse 
reflectance spectra.

8088-48, Session 9

Evaluation of the position resolution of NIR 
topography by localised visual stimulation
H. Kakuta, E. Okada, Keio Univ. (Japan)

Near infrared (NIR) topography has been applied to the measurements 
of functional brain activity. The detected by source-detector pairs 
signals are mapped at the midpoint of the corresponding source-
detector pair, and the mapped data are connected by spatial 
interpolation to make the topographic images. NIR topography can 
obtain the image of brain activation without solving inverse problem. 
A problem with NIR topography is that spatial resolution is not 
sufficient for the measurements of the localised brain function. The 
optimal probe arrangements, especially overlapping measurements 
by dense probe arrangements, can improve the spatial resolution of 
NIR topography and it was validated by phantom experiments. In this 
study, we measured the localised brain activation evoked by visual 
stimulation to evaluate the position resolution of NIR topography.

In the experiments, the volunteers were asked to watch flashing 
checkerboard patterns to evoke brain activation in the visual cortex. 
The topographic images were measured by NIR topography with the 
single-density and the double-density probe arrangement.

The brain activation evoked by the right and left stimuli can be 
resolved in the topographic images measured by the single-density 

arrangement. The longitudinal fissure of cerebrum for the single-
density arrangement contributes to resolve the positions of these 
brain activities. However it is difficult to resolve the position of the 
brain activation evoked by the stimuli in vertical directions. On the 
other hand, the brain activation in visual cortex evoked by the different 
stimulus is clearly resolved by the double-density arrangement. The 
double-density probe arrangement is effective to improve the position 
resolution.

8088-49, Session 9

Simple method of improving sensitivity 
for diffuse reflective optical tomography: 
simulation and a phantom study
K. Fukuda, K. Koishi, T. Murayama, Tokyo Metropolitan 
Institute of Technology (Japan)

Functional near-infrared spectroscopy (fNIRS) is a useful approach 
for monitoring changes in the oxygen concentration of living tissue 
such as brain activities [1]. From multiple pairs of source and detector 
probes, topographic imaging is obtained. When obtaining topographic 
images, the change in the detected light intensity is assumed to be 
caused by a change in the target tissue. However, skin blood flow 
occurs in the near-surface region (1-3 mm below the surface), the 
detected light usually contains considerable light that is diffused and 
reflected in this region.

To solve this problem and improve the measurement accuracy, we 
proposed a new method for cancelling the skin blood flow in the 
near-surface region by using two kinds of cancellation signals. One 
is a sharing aperture approach which uses cancellation signals 
detected at an aperture for irradiating the light. Another one is a 
additional aperture approach which uses cancellation signal detected 
at the midpoint between the irradiation and detection aperture in 
conventional measurement. We further applied equilateral-triangular 
probe arrangement to our method. The sharing aperture approach 
detected the cancellation signal at apex, and the additional aperture 
approach detected the cancellation signal median point of the 
equilateral-triangular. Simulation and experiments with a phantom 
were performed. It is shown that the proposed method effectively 
suppressed the influence of the near-surface absorption change, which 
depends on its position and size, by automatically selecting the two 
kinds of cancellation signal.

[1] Maki et al., Med. Phys. 22, 1997-2005 (1995).

8088-50, Session 9

Phantom experiments for quantitative 
evaluation of topographic image by 
mapping algorithm
Y. Yoshida, H. Kakuta, Keio Univ. (Japan); H. Kawaguchi, 
National Institute of Radiological Sciences (Japan); E. Okada, 
Keio Univ. (Japan)

Near-infrared (NIR) topography can visualize local brain activity. The 
fundamental problem of NIR topography is poor spatial resolution and 
contrast in the topographic images. NIR topography with mapping 
method is not necessary a priori knowledge such as the spatial 
sensitivity profile to obtain the topographic image while diffuse optical 
tomography requires the spatial sensitivity profile for solving the 
inverse problem to reconstruct images. However, the lack of a priori 
knowledge might increase error in topographic image obtained by the 
mapping method. 

In this study, we measured absorption change in a head phantom 
by NIR topography to quantitatively evaluate error in position, 
intensity and broadening of absorption change in the topographic 
images obtained by the mapping method. The phantom consisted 
of three parts that imitated the superficial tissue (scalp and skull), 
cerebrospinal fluid (CSF), and brain. The topographic image of 
absorption change was measured by the single-density and double-
density probe arrangements. The topographic images of absorption 
change which is caused by the absorption rod placed at 28 positions. 
In the case of double-density arrangement, the error in the position of 
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the topographic image was remarkably improved and was less than 
1.2 mm. The broadening of the topographic image measured by the 
single-density arrangement strongly depends upon the position of the 
absorption rod rather than the diameter of the absorption rod. Although 
the topographic image obtained by the mapping method is obviously 
broader than the area of the absorption change, the broadening of the 
image is less dependence on the position of the absorption change in 
the case of the double-density arrangement.

8088-51, Session 10

Breast density assessment by means of 
time domain optical mammography at 635-
1060 nm
P. Taroni, A. Pifferi, G. Quarto, Politecnico di Milano (Italy); 
L. Spinelli, Istituto di Fotonica e Nanotecnologie (Italy); A. 
Torricelli, R. Cubeddu, Politecnico di Milano (Italy); F. Abbate, 
A. M. Villa, N. Balestreri, S. Menna, E. Cassano, Istituto 
Europeo di Oncologia (Italy)

Breast density is a recognized strong and independent risk factor for 
breast cancer. We propose the use of time-resolved transmittance 
spectroscopy to estimate breast tissue density and potentially 
provide even more direct information on breast cancer risk. Time-
resolved optical mammography at 7 wavelengths (635-1060 nm) was 
performed on 63 subjects. Average information on breast tissue of 
each subject was obtained on oxy- and deoxyhemoglobin, water, 
lipids and collagen content, as well as scattering amplitude and power. 
All parameters, except for blood volume and oxygenation, correlate 
with mammographic breast density, even if not to the same extent. 
A synthetic optical index, based on the content of all main tissue 
constituents and on scattering power, proved to be quite effective 
in separating different mammographic density categories. Finally, 
the estimate of collagen content as a more direct means for the 
assessment of breast cancer risk is discussed. Specifically, an index 
obtained from collagen content and scattering power (likely depending 
on high collagen content, but also on its structure) showed very good 
correlation with mammographic density.

8088-52, Session 10

Quantitative assessment of indocyanine 
green concentration in healthy and 
cancerous breast tissue
A. J. Hagen, D. Grosenick, T. Gnoerrlich, Physikalisch-
Technische Bundesanstalt (Germany); A. Pöllinger, S. Burock, 
P. M. Schlag, Charité Universitätsmedizin Berlin (Germany); 
H. H. Rinneberg, R. Macdonald, Physikalisch-Technische 
Bundesanstalt (Germany)

Using indocyanine green (ICG) bound to plasma proteins as 
a macromolecular contrast agent, we recorded time-resolved 
fluorescence projection mammograms on twenty breast cancer 
patients in order to quantitatively determine ICG enrichment in tumors 
and to qualitatively assess permeability of tumor microvasculature. 
ICG tissue concentrations in healthy parenchyma and dye enrichment 
caused by the higher vessel permeability in cancerous tissue were 
derived by applying the model of diffraction of photon density waves. 
We estimated the tumor position from offset measurements using a 
modified tomosynthesis algorithm and the tumor size from histological 
findings. Results obtained by fitting distributions of times of flight of 
laser and fluorescence photons were successfully validated on breast-
like phantoms. From the analysis of the in vivo data for one case 
presented here, an ICG enrichment of 7.5 was found for the carcinoma.

8088-53, Session 10

Oxygenation of the calf muscle during an 
incremental, intermittent walking exercise 
assessed by NIRS
S. Härtel, C. Kutzner, Karlsruher Institut für Technologie 
(Germany); S. Grieger, D. Schneider, RheinAhrCampus 
Remagen (Germany); M. Neumaier, Karlsruher Institut für 
Technologie (Germany); M. Kohl-Bareis, RheinAhrCampus 
Remagen (Germany)

NIRS is widely used for the assessment of muscle oxygenation as it 
non-invasively gives physiological information on blood supply and 
oxygen consumption. Most published work focuses on the main 
skeletal muscle groups and studies alterations in oxygenation during 
e.g. cycling or running, where the exercise intensity is either increased 
monotonously or maintained at a constant level. 

We use NIRS to study calf oxygenation in healthy subjects of different 
fitness levels with the following objectives: First, we use a recently 
established walking protocol of incrementally increased exercise power 
by adaptation of both velocity and slope with intermittent rest periods 
and assess the usefulness of NIRS to gain information of muscle 
oxygenation. The rest periods are a prerequisite when blood gas 
analysis samples are taken and can therefore not be avoided. Second, 
we hypothesise that the magnitude of the oxygenation recovery 
during the rest periods are closely linked to blood flow and perfusion 
rather than oxygen consumption. This is validated by comparison with 
standard systemic measurements (spirometry giving VO2, VCO2) and 
it is shown that surprisingly the difference in tissue oxygen saturation 
between exercise and rest period is linearly correlated with spirometry. 
This is analysed for nine subjects of limited fitness and compared to 
subjects of higher fitness.

8088-54, Session 10

Application of dynamic diffuse optical 
tomography in lower extremity vascular 
imaging
M. A. Khalil, H. K. Kim, Columbia Univ. (United States); I. Kim, 
R. Dayal, Columbia Univ. Medical Ctr. (United States); A. H. 
Hielscher, Columbia Univ. (United States)

Peripheral Vascular Disease (PVD) affects over 10 million Americans 
and is associated with significant morbidity and mortality. While in 
many cases the ankle-brachial index (ABI) can be used for diagnosing 
the disease, this parameter is not very reliable in the diabetic and 
elderly population. In these cases, the patient’s arteries are often 
calcified, which leads to inaccurate ABI values. Dynamic Optical 
Tomography promises to overcome the limitations of current diagnostic 
techniques and has the potential to initiate a paradigm shift in the 
diagnosis of vascular disease. We have performed initial pilot studies 
involving 8 PVD patients and 5 healthy volunteers. The time traces 
and tomographic reconstruction obtained from measurements on 
the feet show significant differences between healthy and affected 
vasculatures. Furthermore, we found that DOT is capable of identifying 
the disease in diabetic patients, who have an ABI similar to healthy 
persons.

Conference 8088:  
Diffuse Optical Imaging III



European Conferences on Biomedical Optics 2011 · www.spie.org/ecbo Return to Contents52

Conference 8089: Molecular Imaging III
Sunday 22 May 2011
Part of Proceedings of SPIE Vol. 8089 Molecular Imaging III

8089-01, Session 1

Optoacoustic tomography of cancer 
receptors in mouse models using targeted 
gold nanorod conjugates
A. A. Oraevsky, TomoWave Labs., Inc. (United States)

Recently we developed a 3D optoacoustic tomography (OAT) 
system combining advantages of pulsed optical spectroscopy and 
high-resolution ultrasonic detection, characterized and shown to 
produce high-contrast 3D maps of optical absorbance through the 
whole body of an animal with resolution better than 0.5 mm. Much 
smaller tissue structures and microvessels can be visualized in case 
of sufficient contrast. An ultrawide-band of ultrasonic frequencies 
present in optoacoustic signals contains wealth of information, which 
can be revealed through proper filtering and post-processing. We 
demonstrated that either larger anatomy, such as organs or major 
vessels, or the smaller structures (kidney medullas, ovarian arteries) 
and even microvasculature can be visualized depending on methods of 
signal and image processing (See Figure 1). 

This system was employed to generate molecular images of 
malignancy-related protein receptors in cancer cells. An orthotopic 
model of human pancreatic cancer and a subcutaneous xenograft 
model of breast cancer in a nude mouse model were generated and 
used to test the system capability for molecular imaging. Acquisition 
of these images was facilitated by the use of gold nanorods (GNR) 
as optoacoustic (OA) contrast agent. We developed techniques of 
covalent conjugation of gold surface of nanorods to specific anticancer 
vectors such as monoclonal antibodies (MAB) or EGFR-avid peptides. 
Breast cancer was targeted with Herceptin MAB. High sensitivity of 
our 3D OAT system to changes in the optical absorption enabled high 
contrast imagibng. Pancreatic cancer in our preclinical model was 
targeted with GNR conjugated with GE11 peptides that selectively 
target EGF receptors of breast cancer cells. High affinity of GE11 
peptide allowed accumulation of over 7% of injected dose in the 
tumor. An exceptionally strong and tunable optical absorption in gold 
nanorods followed by effective energy conversion into heat makes gold 
nanorods a superior optoacoustic contrast agent. As shown in Figures 
c and d 3D optoacoustic tomography enhanced with gold nanorods 
has the potential to become a useful molecular imaging modality for 
preclinical research. Translation of the developed system to clinical 
applications will be also discussed.

8089-02, Session 1

Multispectral optoacoustic tomography of 
structure and biomarkers in mice
A. Buehler, D. Razansky, Technische Univ. München (Germany); 
V. Ntziachristos, Technische Univ. München (Germany) and 
Helmholtz Zentrum München GmbH (Germany)

Multispectral optoacoustic tomography (MSOT) is a modern imaging 
modality which can resolve optical contrast in tissue with high 
spatial ultrasonic resolution at real-time frame rate. The technique 
is based on a physical phenomenon called the optoacoustic effect, 
i.e. the generation of acoustic waves due to thermoelastic expansion 
caused by absorption of ultra-short optical pulses. Recently, we have 
developed a small animal scanner comprising a highly-sensitive multi-
element ultrasound detector array for parallel signal detection and 
optimized light delivery to avoid the need of signal averaging in order 
to enable cross-sectional imaging in real-time. In addition the system 
features multiwavelength illumination for spectroscopic applications. 
For imaging, the animal is placed in horizontal position in an animal 
holder comprising a transparent water-proof membrane to avoid direct 
contact of the animal with the surrounding coupling medium. Further, 
the animal holder can be translated to obtain three-dimensional scans 
of the entire body. Herein we showcase the systems potential by 
resolving structural, dynamic and molecular information. Specifically 
we will characterize the performance of the system and present 
anatomical whole body scans of mice. Further we monitor dynamic 

processes in vivo and visualize the bio distribution of exogenously 
injected biomarkers by multispectral means.

8089-03, Session 1

Photoacoustic computed tomography of 
mice: hybrid imaging of light absorption and 
ultrasound transmission properties
J. Jose, Univ. Twente (Netherlands); H. Van Neck, Erasmus MC 
(Netherlands); G. Koning, Erasmus MC (New Zealand); T. Ten 
Hagen, Erasmus MC (Netherlands); W. Steenbergen, T. Van 
Leeuwen, S. Manohar, Univ. Twente (Netherlands)

We present a system which allows simultaneous imaging of optical 
absorption properties and acoustic transmission properties of an 
object in a two-dimensional slice using a ‘passive’ element in a 
photoacoustic imager. The passive element is a strong absorber 
of light and produces ultrasound by the photoacoustic effect. The 
generated ultrasound interacts with the sample and can be measured 
using the same ultrasound detector as used for photoacoustic 
measurements. Such measurements are made at various angles 
around the sample in a computerized tomography approach. Images 
of the ultrasound propagation parameters, attenuation and speed of 
sound, can be reconstructed by inversion of a measurement model. 
Simultaneously conventional photoacoustic imaging is also available 
in the instrument, since a majority of light goes on further to illuminate 
the object. We make measurements of a living mouse which has tumor 
implanted on the lower abdomen and show that hybrid imaging is 
possible.

8089-04, Session 1

High resolution imaging with impulse based 
thermoacoustic tomography
S. Kellnberger, A. Hajiaboli, G. Sergiadis, D. Razansky, V. 
Ntziachristos, Helmholtz Zentrum München GmbH (Germany) 
and Technische Univ. München (Germany)

Existing imaging modalities like microwave- or RF-induced 
thermoacoustic tomography systems show the potential for resolving 
structures deep inside tissue due to the high penetration properties of 
RF. However, one of the major drawbacks of existing thermoacoustic 
tomography systems with pulse modulated carrier frequency excitation 
is the compromise between efficient signal generation and attainable 
spatial resolution. In order to dissipate a sufficient amount of energy 
in the sample, the pulse width has to be prolonged to few hundreds 
of nanoseconds, enhancing signal to noise ratio on the one hand, but 
compromising the spatial resolution. 

We herein present our new approach towards high resolution 
thermoacoustic tomography based on excitation with ultrashort 
electromagnetic impulses. In order to overcome limitations in 
thermoacoustic signal generation and high spatial resolution, we 
developed a pulse generator that can induce ultrashort high voltage 
pulses with duration of tens of nanoseconds. Thus, we were able 
to deposit a significant amount of energy in the range of 500mJ 
in the sample within a very short time, being decisive for optimal 
thermoacoustic signal generation.

In our current setup which consists of a single element transducer, 
optimal energy coupling is achieved by placing the object next to the 
coupling element, thus improving signal to noise ratio. Preliminary 
experiments on highly absorbing phantoms, consisting of copper wires 
with characteristic sizes of 100µm, reveal the resolution performance 
of our developed system. In a further phantom experiment consisting 
of tubes filled with physiological saline solution, we were able to image 
structures buried deep inside tissue.

Our proposed approach towards thermoacoustic tomography 
with broadband excitation shows outstanding attained resolution. 
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Furthermore, benefits like its cost effectiveness, simplicity and 
compactness with the potential use in small animal imaging as well 
as human body imaging show that thermoacoustic tomography with 
impulse excitation is a promising imaging modality which has a broad 
range of applications. Future studies include the imaging of biological 
tissue with heterogeneous tissue distribution and the application of 
impulse based thermoacoustic tomography on small animals.

8089-05, Session 1

Photo-acoustic imaging of blue nanoparticle 
targeted brain tumor for intra-operative 
glioma delineation
A. Ray, Univ. of Michigan (United States); X. Wang, Univ. of 
Michigan Health System (United States); Y. L. Koo, H. J. Hah, 
G. Kim, Univ. of Michigan (United States); T. Chen, D. Orringer, 
O. Sagher, Univ. of Michigan Health System (United States); R. 
Kopelman, Univ. of Michigan (United States)

Distinguishing the tumor from the background normal tissue is 
challenging for cancer surgery such as surgical resection of glioma. 
Attempts have been made to use visible or fluorescent markers to 
delineate the tumors during surgery. However, the systemic injection 
of the dyes requires high dose, resulting in negative side effects. 
On using low concentration dyes it becomes difficult to delineate 
the tumors based on the color contrast. Here we present, a novel 
method to delineate the brain tumors using photoacoustic imaging 
technique enhanced by tumor targeting blue nanoparticles as contract 
agent. The nanoparticles are made of polyacrylamide (PAA) matrix 
with covalently linked Coomassie-Blue dye. They contain 7.0% dye 
and the average size is 80nm. Their surface was conjugated with F3 
peptide for active tumor targeting. These nanoparticles are nontoxic, 
chemically inert and have long plasma circulation lifetime, making 
them suitable as nanodevices for imaging using Photoacoustics. 
Photoacoustics is a highly sensitive imaging technique that allows 
high resolution 3D imaging and good penetration depth. The limit of 
detection of our system was obtained by using phantoms containing 
different concentrations of nanoparticles and is found to be of the 
order of 10µg nanoparticle/ml dilution. Experiments on phantoms and 
rat brains demonstrate the high sensitivity of photoacoustic imaging 
in delineating the tumor, containing contrast agent at concentrations 
too low to be visualized by eye. The brain samples were extracted 
from Sprague-Dawley rats having brain tumors, that were injected 
with the targeted nanoparticles, then sacrificed after six-ten days 
of nanoparticle administration. The tumor samples containing 
nanoparticle are clearly distinguishable from the background brain, 
even though they did not show any visual color contrast. The control 
tumors without nanoparticles did not show any enhanced signal. 
This study shows that photoacoustic imaging facilitated with the 
nanoparticle contrast agent could contribute to future surgical 
procedures for glioma.

8089-06, Session 1

Plasmon resonance from novel monolayer 
and bilayer shell aggregate gold 
nanostructures
M. Angelidou, C. Pitris, Univ. of Cyprus (Cyprus)

Various gold nanostructures are being investigated for medical and 
biological uses. For many medical applications, it would be beneficial 
to use near infrared (NIR) excitation as well as small gold nanospheres 
which can easily reach the cytoplasm and cell nucleus. For that 
purpose, we propose a novel nanostructure, the “shell aggregate,” 
which consists of small nanospheres aggregated around a core 
such as an intracellular organelle. The extinction efficiency of such 
monolayfer and bilayer shell aggregates is thoroughly investigated 
with appropriate simulations using the Discrete Dipole Approximation 
(DDA) method. This technique can deal with any arbitrary size, shape, 
synthesis and external environment. The effect of parameters such as 
the overall radius of the nanostructure, the small nanosphere radius, 
and the distance between the nanospheres, on the extinction efficiency 
factor of the nanostructures was examined. The results indicate that 

the extinction spectra appear to depend heavily on the distance 
between the small nanospheres. Finally, the monolayer shell aggregate 
could be a suitable candidate for use in various biological, intracellular, 
applications since it provides a reasonably tunable plasmon resonance 
wavelength while the small size of its components can be exploited for 
intracellular distribution.

8089-07, Session 1

High-resolution imaging of mouse 
anatomy with a multipurpose optoacoustic 
tomography system
A. Oancea, D. Razansky, Helmholtz Zentrum München GmbH 
(Germany); V. Ntziachristos, Technische Univ. München 
(Germany) and Helmholtz Zentrum München GmbH (Germany)

Pre-clinical studies on pharmaceuticals have shown the need to 
visualize vasculature with high resolution. The range of applications 
is manifold, reaching from investigations on the nervous system over 
tumors to the cardiovascular system itself. In this work, we present 
a modular optoacoustic tomography system which is well-suited for 
those purposes. 

The setup uses a nanosecond pulsed OPO laser tunable to 532nm 
and 700nm-900nm and a tightly cylindrically focused transducer with 
a focal length of 19mm and a center frequency of 15 MHz which is 
scanned 360° around the object, allowing for an intrinsic resolution 
of down to 30µm. The sub 200µm thin slices are reconstructed via 
back-projection. To make the system suitable for in-vivo experiments, 
it has been designed in a two-tank continuous flow manner. While 
the measurement tank is intended for the specific experiment only, 
a second tank provides the water temperature regulation. Due to 
continuous flow, no temperature gradients appear. 

At first, a tissue-mimicking phantom study is presented in order to 
prove the imaging performance. The high resolution provided by the 
system is crucial for investigations like the two that are presented here. 
The first one exemplarily addresses the pros and cons of strong light 
absorption in tissue, showing that multiple-wavelength illumination or 
the respective overlay can reveal new insights. In the second example, 
a tomographic approach to imaging whole tumor vascularisation is 
presented, showing the system’s potential use for drug development, 
e.g. By thorough adaptation of illumination and detection geometry to 
the tumor, significantly thinner slices will be recordable, opening the 
gates for simultaneous isotropic resolution and detection of multiply 
sized anatomical and drug structures.

8089-08, Session 2

In vivo fluorescence sensing and 
enumerating of rare circulating cells with 
diffuse light
M. J. Niedre, E. W. Zettergren, D. Vickers, Northeastern Univ. 
(United States); J. M. Runnels, C. P. Lin, Massachusetts 
General Hospital (United States)

There are many applications in biomedical research for which the 
ability to detect and enumerate rare cell types circulating in the 
bloodstream in vivo is highly desirable. In vivo flow cytometry is a 
novel fluorescence microscopy-based technique that allows accurate 
enumeration of circulating cells non-invasively in mice, although the 
sensitivity is limited because the sampling volumes are small (~1-5µL/
min) relative to the total blood volume of the mouse (~2.5mL). 

In this presentation we will discuss our work in developing and 
validating a new instrument to sense and enumerate fluorescently 
labeled cells in mice with diffuse light. Here, we have used a 
fundamentally different technological approach to this problem that 
allows interrogation of large blood vessels through the limb (e.g. 
forelimb, hingleg or tail) of the mouse using a miniaturized high-speed 
fluorescence tomographic ring (termed the tomographic in vivo flow 
cytometer; TIVFC). The design utilizes pulsed excitation lasers and 
an optical fiber-coupled photomultiplier tube detector array. The 
rationale is that large blood volumes (0.2-0.5 mL/min) pass through 
limbs, so that the whole blood volume of a mouse can be interrogated 
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in minutes. We will describe the instrument design and its validation, 
first in an optical flow-phantom model with circulating calibrated 
fluorescent microspheres and with fluorescently labeled Jurkat cells. 
Results from initial in vivo tests of the system will also be presented. 
We project that if successful our approach will allow sensing of 
individual cells in the bloodstream of an animal with sensitivity several 
orders of magnitude beyond current approaches.

8089-09, Session 2

Combined three-dimensional magnetic 
resonance guided optical spectroscopy and 
protoporphyrin IX fluorescence imaging of 
human breast cancer
M. A. Mastanduno, S. C. Davis, S. Jiang, Dartmouth College 
(United States); R. diFlorio-Alexander, Dartmouth Hitchcock 
Medical Ctr. (United States); B. W. Pogue, K. D. Paulsen, 
Dartmouth College (United States)

Dynamic Contrast Enhanced Magnetic Resonance (DCE-MR) is 
currently used to image high-risk patients for breast cancer because 
of its higher sensitivity to tumors than mammography but is unable 
to provide functional information predictive of tumor malignancy. We 
focus on Near Infrared Spectroscopy (NIRS) imaging and Fluorescence 
Molecular Tomography (FMT), emerging imaging techniques that non-
invasively quantify total hemoglobin, oxygen saturation, water content, 
scattering, lipid concentration and endogenous Protoporphyrin IX 
(PpIX) emission. Increased total hemoglobin is known in malignant 
tumors versus benign tumors because of the leaky, densely packed 
neovasculature. Higher PpIX concentration is also known in malignant 
tumors due to the higher concentration of mitocondria. We present 
methods on combining the synergistic attributes of DCE-MR, NIRS, 
and FMT for non-invasive in-vivo imaging of breast cancer in three 
dimensions using a custom optical MR breast coil and diffusion based 
light modeling software, NIRFAST. Results from a pool of normal 
volunteers provides a baseline range tissue auto-fluorescence values 
and can be compared with known cancerous tissues. Preliminary 
results from a breast cancer patient shows elevated hemoglobin values 
and water fraction, agreeing with our expectations. Fluorescence 
values in the tumor region, however, were not always elevated above 
the surrounding tissue as we had expected. Reported values and 
results are the first 3D in-vivo images of breast cancer imaged by DCE-
MRI, NIRS, and FMT and images are validated with ex-vivo¬ pathology 
and fluorescence scans. The additional information gained from NIRS 
and FMT may improve the ability to distinguish between malignant and 
benign lesions during MR imaging. These dual modality instruments 
will provide complex anatomical and molecular prognostic information, 
and may decrease the number of biopsies, thereby improving patient 
care.

8089-10, Session 2

Imaging small animals with a hybrid FMT-
XCT system and hybrid reconstruction 
methods
A. B. F. Ale, V. Ermolayev, E. Herzog, V. Ntziachristos, 
Helmholtz Zentrum München GmbH (Germany) and Technische 
Univ. München (Germany)

The recent development of a hybrid Fluorescence Molecular 
Tomography (FMT) - X-ray computed tomography (XCT) system and 
corresponding developments in hybrid reconstruction methods have 
increased the imaging performance that can be reached compared 
to stand-alone fluorescence tomography. In this study, a hybrid 
FMT-XCT system that was developed at our institute was used for 
imaging small animals. In this system the free-space FMT and XCT 
instrumentation was mounted onto a single rotating gantry, resulting 
in accurate co-registration and high quality data over 360° projections 
for both the FMT and XCT modality, while the mouse is placed on a 
relatively comfortable bed. The anatomical information obtained with 
the XCT modality was used as prior information in the reconstruction 
of the fluorescence distribution, both for calculating the forward 

model of light propagation and for regularizing the inverse problem 
of finding the 3d fluorescence distribution inside the animal. The 
prior information used in the forward model consisted mainly of the 
assignment of different absorption and scattering coefficients to the 
identified anatomical regions. The inverse problem was guided by the 
anatomical information by the addition of an anatomically structured 
penalty matrix to the minimization function. For improved visualization 
of the reconstructed fluorescence distribution, the 3d reconstruction 
was merged with the X-ray volume as well. We present the improved 
imaging results that were obtained using the hybrid FMT-XCT system 
and hybrid reconstruction methods with applications to several studies 
with different levels of complexity and for different areas of the mouse.

8089-11, Session 2

Detection and visualization improvement of 
Spermatozoa cells by digital holography
L. Miccio, A. Finizio, P. Memmolo, M. Paturzo, F. Merola, 
Istituto Nazionale di Ottica Applicata (Italy); G. Coppola, 
G. Di Caprio, M. Gioffrè, Istituto per la Microelettronica e 
Microsistemi (Italy); D. Balduzzi, R. Puglisi, A. Galli, Istituto 
Sperimentale Italiano Lazzaro Spallanzani (Italy); P. Ferraro, 
Istituto Nazionale di Ottica Applicata (Italy)

Digital Holography (DH) is considered as an innovative and alternative 
approach in microscopy. Indeed it has been demonstrated to behave 
as a suitable tool in coherent microscopy thanks to its features 
such us high transversal and axial resolution, numerical aberration 
compensation and focus flexibility. The main characteristic is the 
possibility to discern between intensity and phase information 
performing quantitative mapping of the Optical Path Length (OPL) 
introduced by the sample under investigation. Appropriate numerical 
procedures applied to the hologram allow retrieval of both the 
intensity and the phase-contrast images. In this way the optical phase 
retardation introduced by transparent objects, as biological sample, 
is directly mapped. However, it is important to note that, even if 
the Quantitative Phase Map (QPM) furnishes complete quantitative 
information, it is not the best visual phase-contrast representation. The 
dynamic range of the QPM phase-maps is such that small signatures 
in phase-objects are scarcely or not at all visible. On contrary the 
spatial derivative gives the possibility to enhance even the smallest 
details facilitating visualization and detection. In this paper we 
numerically manage digital holograms to obtain the best visualization 
condition for spermatozoa cells through two different approaches. 
The first section describes a technique to achieve quantitative phase 
information on spermatozoa flowing in microfluidic channels while 
the second section describes a numerical method to get Differential 
Image Contrast in order to enhance the sample visibility employing the 
concept of spatial derivative.

8089-12, Session 2

3D imaging of tumor cell spheroids
V. Richter, T. Bruns, P. Weber, Hochschule Aalen (Germany); 
R. Wittig, W. S. L. Strauss, Univ. Ulm (Germany); H. 
Schneckenburger, Hochschule Aalen (Germany)

Fluorescence imaging is applied to living cells in 3-dimensional (3D) 
cultures by means of structured illumination. These cultures are 
grown in individual cavities of a microtiter plate and seeded into a 8 
well µ slide, which is positioned in two horizontal directions (x,y) by a 
scanning table. Upon sequential detection of single slides by variation 
of the z-direction one can obtain an image stack and reconstruct 
a 3D image of cells, cell clusters or cell spheroids. 3D cell cultures 
simulate the interaction and behaviour of cells in an organism better 
than commonly used 2-dimensional monolayers or single cells, where 
the microenvironment remains unconsidered. Therefore, 3D cultures 
gain interest for applications concerning cell-to-cell interaction, cancer 
invasion and metastases as well as testing of pharmaceutical agents 
and drugs.

Laser scanning microscopy commonly used for optical sectioning 
often requires unfavourable large measurement periods and rather 
complex equipments. Therefore, as a promising alternative structured 
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illumination is presently used with a grid of line-pairs being projected 
into the image plane. By use of three different phase positions upon 
piezo positioning of the grating in lateral direction and measurement 
of the corresponding fluorescence intensities one can eliminate the 
modulated light fraction and calculate an image from the focal plane.

Axial resolution depending on the spatial frequency of the line pairs 
as well as on the numerical aperture of the microscope objective lens 
often is around 1 µm in high resolution microscopy. Since this high 
resolution is not required for imaging of 3D spheroids, a modified 
setup was developed for objective lenses of moderate magnification 
and numerical aperture to illuminate tumor cell spheroids of about 300 
µm diameter and to select single cell layers with an axial resolution of 
5-10 µm. In addition, various light sources, in particular light emitting 
diodes, are coupled to the fiber-optic illumination path. They can be 
easily exchanged and are presently used for ratio imaging of pH, redox 
or calcium sensitive fluorescent dyes. Light dose of illumination is 
limited to low values around 50 mJ/cm² per cell layer, thus permitting 
repetitive measurements or detection of reaction kinetics under non-
phototoxic conditions.

8089-13, Session 3

Receptor mediated aggregation of 
plasmonic nanoparticles in optical and 
photoacoustic molecular imaging of cancer
K. V. Sokolov, The Univ. of Texas M.D. Anderson Cancer Ctr. 
(United States); J. S. Aaron, S. Mallidi, S. Y. Emelianov, The 
Univ. of Texas at Austin (United States)

One of the major problems in selective detection, monitoring and 
treatment of cancer is the fact that cancer biomarkers are not unique 
to cancer cells. Identical molecules are present in normal cells as 
well; however, their expression is often elevated in cancer. We explore 
non-linear phenomena which are exhibited by antibody targeted 
plasmonic nanoparticles when they form closely spaced assemblies in 
the presence of an overexpressed cancer biomarker such as epidermal 
growth factor receptor (EGFR). Our experiments with living cells and 
in vivo cancer models showed that receptor mediated assembly and 
plasmon coupling of gold bioconjugates can be used for imaging of 
EGFR activation as formation of EGFR dimers and further intracellular 
uptake are associated with progressive color changes from green to 
red/near-infrared of EGFR bound nanoparticles. Therefore, targeted 
gold nanoparticles undergo dramatic optical changes only upon 
binding to activated EGF receptors providing a sensitive way for 
detection of highly proliferative tumor cells. We demonstrated this 
concept in multi-wavelength photoacoustic imaging of 3D distribution 
of viable EGFR-expressing cancer cells in-vivo. EGF receptor mediated 
aggregation of anti-EGFR gold nanoparticles results in an increase 
of nanoparticle optical absorption in the NIR region and hence an 
increase in the photoacoustic signal.

8089-14, Session 3

Specific activation of photodynamic 
molecular beacons: an image-guided 
therapeutic approach for vertebral 
metastases
T. W. B. Liu, J. Chen, Ontario Cancer Institute (Canada); M. 
K. Akens, L. Wise-Milestone, Sunnybrook Health Science Ctr. 
(Canada); B. C. Wilson, G. Zheng, Ontario Cancer Institute 
(Canada)

Breast cancer is the second leading cause of cancer-related death 
in women. Approximately, 80% of patients with advanced cases 
will develop spinal metastases. Current therapies have significant 
limitations due to the high associated risk of damaging the spinal 
cord. In contrast, photodynamic therapy (PDT) in combination with 
vertebroplasty presents an attractive alternative due to its minimally 
invasive and selective nature. PDT destroys cells when light activates 
a photosensitizer (PS) in the presence of oxygen. However, current 
PSs are limited by their non-specific accumulation in normal tissues. 
We developed photodynamic molecular beacons (PMBs) comprised of 

a disease-specific linker, a PS and a quencher. PMBs are activatable 
PSs that provide another level of PDT selectivity and unparalleled 
image-guidance. PMBs are in a ‘dormant’ state until transformed into 
an ‘awaken’ state by a disease-specific trigger. Once activated, PMBs 
restore photodynamic activity and fluorescent image-guidance. Since 
highly metastatic breast cancers have been shown to over-express 
matrix metalloproteinases (MMP), a MMP-triggered PMB (PPMMPB) 
has potential application in image-guided treatment of vertebral 
metastases. Human breast carcinoma cells, MT-1 were used to model 
the metastatic behaviour of spinal lesions. In vitro and in vivo evidence 
demonstrates MMP specific activation of PPMMPB in MT-1 cells 
and establishes the specific activation of PPMMP7B in the vertebral 
metastases versus normal tissue (i.e., spinal cord) demonstrating 
the specificity of PMBs. Preliminary PDT studies demonstrate the 
specific destruction of metastatic tumours while preserving healthy, 
non-target tissue. However, the limited tissue penetration of optical 
imaging and the silent nature of intact PMB prevented evaluation of 
the in vivo beacon distribution and pharmacokinetics. By radiolabeling 
the beacon, PET imaging and biodistribution studies evaluated the 
pharmacodynamics and pharmacokinetics of PPMMPB in vivo. With 
the emergence of PMB, we reveal an unprecedented level of PDT 
selectivity and multi-modality imaging for the clinical management of 
vertebral metastases.

8089-15, Session 3

Cryoslicing-imaging: a method for 
multispectral imaging of fluorescent agents 
bio-distribution in small animals
A. Sarantopoulos, G. Themelis, Helmholtz Zentrum München 
GmbH (Germany); V. Ntziachristos, Helmholtz Zentrum 
München GmbH (Germany) and Technishe Univ. München 
(Germany)

Fluorescent contrast agents with the ability to mark specific biological 
processes have increasingly developed during the last decade and 
their application in biomedical research has created new imaging 
opportunities at the preclinical and clinical level. Tomographic 
methods have been greatly benefitted by these advances as the use 
of fluorescent markers enables non-invasive in-vivo disease detection 
and therapy monitoring. Although optical contrast agents are known 
to target various biological processes it is relatively unknown and 
often undecided how they distribute in healthy or diseased structures 
inside living organisms. Herein we present the development of a new 
imaging method for small animals that provides three dimensional 
localization and distribution information for multiple fluorophores 
using spectral differentiation. Cryoslicing whole animal imaging can 
be used in support of in vivo techniques for validation purposes but 
also as a stand-alone modality for 3D discovery and quantification 
of multiple fluorescent molecules with high accuracy. We describe 
the implementation of our method in animal studies offering accurate 
tumor detection and quantification and provide evidence of the 
imaging system performance when combined with specific and 
non-specific molecular probes. Furthermore we present results 
from experiments where animals are also imaged with tomographic 
modalities. In this case, cryoslicing imaging is performed after 
non-invasive tomographic imaging for validation purposes. Overall, 
our results showcase that our method can detect 3D anatomical 
and fluorescence volumes in small animals with high resolution and 
therefore is highly appropriate for assisting basic and translational 
research for any disease that can be targeted with optical molecular 
probes.

8089-16, Session 3

Cardiac safety screens: molecular, cellular 
and optical advancements
L. Kaestner, Q. Tian, P. Lipp, Univ. des Saarlandes (Germany)

Isolated primary cells such as neurons or cardiomyocytes can - 
due to their shape and fragility - not enter automated membrane 
potential screens on patch-clamp robots. Therefore a contact-free 
optical measurement would be advantageous. So far procedures 
based on potentiometric dyes were lacking one or several of the 
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following properties: (i) ability to be quantified, (ii) sufficiently fast 
response time to follow action potentials (APs), (iii) sufficiently high 
signal-to-noise ratio to avoid temporal averaging, (iv) sensor-induced 
alterations of action potential properties. Here we show that the 
small molecule dye di-8-ANEPPS and the novel genetically encoded 
sensor “Mermaid” can provide quantitative data on APs. Based on an 
optimized photometry setup a screening procedure was established 
and the sensors were validated using the patch-clamp technique, 
confocal microscopy and fluorescence lifetime imaging in combination 
with global unmixing procedures. When applying such approaches 
we identified distinctly different pharmacological profiles of APs 
between adult and neonatal cardiomyocytes. Therefore we conclude 
a preference for adult cardiomyocytes in the investigation of disorders 
in cellular cardiology as well as in pharmaceutical lead development 
and cardiac safety screens. The usage of contact free optical potential 
sensors as described here allows for routine procedures in science and 
industry and may replace intricate animal experiments.

8089-17, Session 3

Multifunctional rare-earth vanadate 
nanoparticles: fluorescent probes, hydrogen 
peroxide sensors and MRI contrast agents
M. D. Schoeffel, C. Bouzigues, T. Gacoin, J. Boilot, Ecole 
Polytechnique (France); O. Clément, INSERM (France); A. 
Alexandrou, Ecole Polytechnique (France)

Rare earth doped oxide nanoparticles (NPs) represent a new class of 
luminescent particles with fluorescent properties that do not depend 
on particle size but on the dopant ions. Nanoparticles of about 40 or 
10 nm in diameter can easily be synthesized and constitute a versatile 
tool for biological applications such as single-molecule labeling and 
tracking, hydrogen peroxide detection for the elucidation of signaling 
processes and relaxation enhancement for magnetic resonance 
imaging. 

Particles of the general formula XVO4 where X is a rare earth are 
commonly prepared by a colloid chemistry pathway. As most of 
the rare earth vanadates crystallize in the same structure, a large 
variety of compositions including mixed vanadates are possible. We 
present results on Gd0.6Eu0.4VO4 NPs which combine fluorescence 
detectable at the single particle level, oxidant detection and MRI 
contrast enhancing properties. These NPs show red fluorescence 
emission due to the Eu3+ ions upon excitation at 466 nm or in the UV 
range. For oxidant detection, NPs are photoreduced by relatively high-
intensity laser illumination, resulting in a decrease of the fluorescence 
intensity. Fluorescence recovery induced by reoxidation of Eu2+ is then 
used to detect the presence of hydrogen peroxide. 

Nanoparticles composed of GdVO4 show a strong paramagnetic 
behavior due to the seven unpaired electrons in Gd3+. Paramagnetic 
compounds such as Gd complexes are often used as contrast agents 
for magnetic resonance imaging. GdVO4 NPs combine the advantages 
of a high number of Gd3+ ions accessible on the surface of the particle 
with a very low leaching rate due to the embedding of these ions in a 
solid matrix.

Nanoparticles of the composition Gd0.6Eu0.4VO4 are thus 
multifunctional combining fluorescence emission with oxidant 
detection and contrast enhancing properties. The functionalization 
of these NPs and their coupling to proteins has already been 
demonstrated allowing for targeting specific cell types or organs for in 
vivo applications.

8089-18, Session 3

Nonlinear optical molecular imaging 
enables metabolic redox sensing in tissue 
engineered constructs
L. Chen, W. R. Lloyd III, R. H. Wilson, S. Kuo, C. L. Marcelo, S. 
E. Feinberg, M. Mycek, Univ. of Michigan (United States)

Regenerative medicine aims to generate functional tissues to 
repair or replace damaged tissues. These tissue engineered 
constructs require noninvasive monitoring of cellular viability prior 

to implantation. In a preclinical study on Ex Vivo Produced Oral 
Mucosa Equivalent (EVPOME) constructs developed from primary 
human oral keratinocytes, nonlinear optical molecular imaging was 
employed to extract morphological and functional information from 
intact, living constructs. Multiphoton excitation fluorescence images 
were acquired using endogenous fluorescence from cellular NAD(P)
H and FAD. Multiphoton excitation fluorescence microscopy was 
employed because of its enhanced penetration depth, reduced out of 
focus photobleaching, and intrinsic optical sectioning with high spatial 
resolution. The images were analyzed to report quantitatively on tissue 
structure and metabolism (redox ratio). Endogenous fluorescence 
from intracellular NADH and FAD, natural biomarkers for metabolic 
activity, as well as second harmonic generation (SHG) signals from 
collagen, were used for noninvasive and quantitative visualization 
of morphological and functional changes to the EVPOME construct. 
Both thickness variations over time and cell distribution variations with 
depth were identified, while changes in redox were quantified. Our 
results show that nonlinear optical molecular imaging has the potential 
to visualize and quantitatively monitor the growth and viability of a 
tissue engineered construct over time.

8089-19, Poster Session

Recovery of fluorescence molecular 
signals using a hybrid fluorescence 
molecular tomography and x-ray computed 
tomography scan
K. Radrich, A. B. F. Ale, V. Ermolayev, V. Ntziachristos, 
Helmholtz Zentrum München GmbH (Germany) and Technische 
Univ. München (Germany)

Background: Stand alone FMT systems lack structural information of 
the imaged volume. This affects fluorescence recovery all the more 
the less projections are measured. Hybrid implementations of FMT 
with anatomical imaging methods like XCT previously allowed striking 
new paths in mathematical and computational methodology for optical 
image reconstruction. In this work we adopt advances made with a 
360° hybrid FMT-XCT on image reconstruction and back project those 
findings analogously to simple geometry setups. By these means we 
aim to show that even simple limited view projection FMT data can be 
significantly better reconstructed using functional and structural priors.

Methods: FMT and XCT data from stand-alone devices are acquired 
using a multi modality imaging cartridge containing the specimen. 
The data sets are subsequently co-registered and the segmented 
XCT volume is used for calculating a more accurate forward model 
of photon propagation. The segments are equally employed for 
solving the inverse problem by application of structural priors in the 
regularization term. 

Results: We compare the results from in vivo imaging of Kras 
mouse models using stand-alone FMT and co-registered FMT-XCT 
and validate our results on ex-vivo slices of the same mice. While 
stand-alone fluorescence systems often fail to localize fluorescence 
distribution consistently with the ex-vivo images, the quasi-hybrid 
approach manages to attain high accuracy in recovering localized 
fluorescence signals. 

By these means we developed a highly flexible approach to the 
reconstruction of fluorescence tomography data that only resorts 
to using standard small animal imaging devices without laborious 
hardware adjustments.

8089-20, Poster Session

Optoacoustic tomography of the mouse 
brain using interpolated model-matrix 
inversion
T. Jetzfellner, A. Rosenthal, K. H. Englmeier, D. Razansky, 
Helmholtz Zentrum München GmbH (Germany); V. 
Ntziachristos, Helmholtz Zentrum München GmbH (Germany) 
and Technishe Univ. München (Germany)

Neuroscience investigations may significantly benefit from the 
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availability of accurate imaging methods of the brain of small animals. 
Amongst the imaging techniques available, optoacoustic imaging 
techniques allow the visualization of optical reporter agents and 
anatomical structures with exceptional performance. The imaging is 
performed by illuminating the object or region of interest with a short 
high-power laser pulses, thus creating an instantaneous temperature 
elevation and thermal expansion within it. The resulting broadband 
ultrasonic waves carry information on the underlining optical 
absorption coefficient variations, local light fluence, and thermo elastic 
properties of the object. Optoacoustic imaging provides a typical 
resolution in the range of 20-200 µm and high contrast, which enables 
quantitative volumetric molecular imaging.

Here we depict the use of our recently introduced interpolated 
model-matrix inversion (IMMI) algorithm, developed for quantitative 
optoacoustic imaging. Using a 6-day old mouse as a model, we 
showcase the capacity of optoacoustic tomography to accurately 
visualize the brain and other head structures. The method 
demonstrates the merits of quantitative high-resolution imaging 
applied volumetrically to produce three-dimensional images. The 
performance showcased is superior to other non-invasive optical 
imaging investigations studied so far and points to the power of 
quantitative image reconstruction.

8089-21, Poster Session

Evaluation of a targeted multimodality probe 
using human primary ovarian cancer models 
for the detection and monitoring of tumor 
growth and therapeutic response
T. W. B. Liu, J. Stewart, J. Shi, J. Chen, B. G. Neel, G. Zheng, 
Ontario Cancer Institute (Canada)

Ovarian cancer is the most frequent cause of death from gynecological 
cancer. It is characterized by few early symptoms, presents at 
advanced stages and has a poor overall survival. Greater than 70% 
of patients are diagnosed with advanced stages of this disease which 
has an associated 5-year survival rate of less than 30%. Conversely, 
the 5-year survival rate of patients diagnosed with stage I ovarian 
cancer is greater than 90%. The relationship between the stage at 
presentation and survival rate in ovarian cancer indicates a need to 
improve detection of early stage disease. Folate receptor (FR) targeted 
diagnostics and therapeutics have gained momentum in the past 
decade as FR is highly expressed in a variety of epithelial cancers 
particularly ovarian cancer (~90%, 30 fold). We have constructed a 
Pyropheophorebide-α-peptide-folate (PPF) that has shown preferential 
accumulation in tumour tissues with high folate receptor specificity and 
delivery efficiency. Furthermore, the porphyrin-based PS/fluorophore, 
pyropheophorbide-α can be stably chelated to a radioisotope. 
Copper (Cu) has been shown to complex strongly to porphyrins and 
chelating Cu does not impact the biodistribution of the porphyrin. 
More importantly, Cu has been used in patients with little reported 
toxicity. We demonstrate the selectivity, sensitivity and therapeutic 
potential of PPF in detecting (optical and PET imaginge) and treating 
(photodynamic therapy) primary human ovarian cancer in SCID murine 
models. PPF is emerging as a powerful multi-modality tool for in vivo 
detection of ovarian cancer. Not only may early detection of ovarian 
cancer be clinically feasible, PPF possesses fluorescence image-
guidance capabilities for surgical debulking and may establish PDTs 
efficacy in treating ovarian cancer.

8089-22, Poster Session

Performance evaluation of hybrid FMT-XCT 
reconstruction with XCT based forward 
modeling
P. Mohajerani, A. B. F. Ale, V. Ntziachristos, Helmholtz Zentrum 
München GmbH (Germany) and Technische Univ. München 
(Germany)

Quantitative imaging of fluorescent probes several millimeters under 
the skin, achieved using fluorescent molecular tomography (FMT), is 
a powerful tool with many applications in different biological studies. 

While FMT has a very high sensitivity and depth penetration, it lacks 
spatial resolution. Combination of FMT with Xray-CT (XCT), a hybrid 
modality called FMT-XCT, has been proposed which draws upon 
the high spatial resolution of anatomical information obtained from 
the micro CT. The 360-degree free-space realization of FMT-XCT 
has proven particularly powerful. The efficient data synergy across 
FMT and XCT toward accurate, fast and sensitive reconstruction 
of the fluorescent probe distribution at any point in an optically and 
geometrically irregular mouse model, however, necessitates the 
development of a framework on the software side, capable of properly 
capturing the essence of these huge measurement datasets, often 
corrupted by measurement noise and inherent modeling mismatch 
errors, while accounting for speed and memory constraints enforced 
by the end user. We have utilized the anatomical information provided 
by the micro-CT to accurately model the diffusion approximation using 
finite element modeling. The mesh and measurement dataset sizes 
have been optimized to meet the memory and speed requirements. 
Using this new framework we were able to accurately reconstruct 
the distribution of fluorescent probes in mouse models with a high 
level of complexity. Comparison of the reconstructed results with 
planar fluorescence images of these mouse models obtained with 
the cryo-slicer system validated our framework for several studies 
with fluorescent inclusions in various areas such as neck, thorax and 
abdomen.

8089-23, Poster Session

Small animal fluorescence imaging with 
lifetime and spectral resolution for detection 
of RFP-expressed tumors
M. S. Kleshnin, I. V. Turchin, I. I. Fiks, Institute of Applied 
Physics (Russian Federation); I. V. Balalaeva, N.I. Lobachevsky 
State Univ. of Nizhni Novgorod (Russian Federation); A. 
P. Savitsky, A.N. Bach Institute of Biochemistry (Russian 
Federation)

Fluorescence diffuse tomography (FDT) of small animals allows 
3D visualization of fluorescent tumors in animal body. Traditionally 
FDT utilize different projections of investigated object: signals 
collected from different source and detector positions. The efficacy 
of reconstruction can be increased if one uses additional information 
about light propagation in biotissues. Small animal fluorescence 
imaging with lifetime resolution allows differentiating fluorophores by 
this parameter, thus increasing investigations informativity. Lifetime 
measurements also give the opportunity for investigation of drug action 
mechanisms. Besides, dispersion of biotissues optical parameters 
causes spectral changes fluorescent signal. This phenomenon also 
can be used for 3D reconstruction in FDT. We created the experimental 
setup which combines reflectance technique with lifetime resolution 
and fluorescence tomography in the transilluminative mode. To achieve 
time resolution we use a fiber-based pulsed laser and multichannel 
photocathode as the detector (time resolution 200 ps). To obtain data 
for 3D reconstruction the investigated object is scanning by the optical 
fiber with collimator using stepping motors. The obtained results 
have demonstrated the possibility of identifying a RFP by registering 
fluorescence lifetimes. We also created the setup for FDT based on 
dispersion of biotissue optical properties. An animal is scanned in 
the transilluminative configuration by a single source-detector pair. 
The fluorescence spectrum is registered by a spectrometer in each 
position. We used the white light source which gives the information 
about biotissue optical properties and the laser source which 
excites RFP. The obtained results have shown a basic opportunity 
of FDT based on dispersion of biotissue optical properties. For 3D 
reconstruction of the fluorophore concentration in both setups we used 
diffuse and hybrid model of light propagation, Monte Carlo simulations 
and algebraic reconstruction technique.

8089-24, Poster Session

Coronary wall imaging in mice using 
osmium and micro-computed tomography
M. Kozlowski, National Heart Lung and Blood Institute 
(United States); D. Donohue, National Institute of Neurological 
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Disorders and Stroke (United States); M. Daniels, P. Connelly, 
K. Jeffries, R. Clevenger, H. H. Wen, V. M. Pai, National Heart 
Lung and Blood Institute (United States)

Coronary artery disease (CAD) is a major cause of death in the 
United States and results from the accumulation of atherosclerotic 
plaques in the arteries of the heart. Plaques accumulate as the 
result of the retention of low-density lipoprotein (LDL) particles in the 
sub-endothelium of the arterial wall. In mouse aorta these lesions 
form primarily at the branching sites, or bifurcations. However, in the 
coronary system, data have shown that late-stage plaque formation 
occurs throughout the proximal segments of the arteries. In order 
to better understand plaque formation in the coronary arteries, we 
have developed an osmium tetroxide (OsO4) stained coronary wall 
imaging approach performed using microcomputed tomography 
(microCT). OsO4 is a heavy metal contrast agent that readily binds to 
lipids. Our preliminary data in 25-week old wild-type mice shows that 
the coronary vessel walls in the normal mice are highlighted by the 
use of the contrast agent. We believe that this combination of OsO4 
and microCT will permit us to investigate the coronary artery wall in 
atherogenesis models of mice to characterize plaque formation

8089-25, Poster Session

Multispectral photoacoustic mapping of the 
diffusion of bacteriochlorins through the 
skin: exploring a new PAT contrast agent
F. Schaberle, G. Sá, C. Serpa, A. R. Abreu, M. M. Pereira, L. G. 
Arnaut, Univ. de Coimbra (Portugal)

A skin depth map was built reconstructing photoacoustic signals, in a 
backward set up, using several wavelengths of visible light. The apping 
technique was used to follow the diffusion through the skin of near-
infrared absorbing dyes. Such dyes can be useful for photodynamic 
therapy (PDT) of skin lesions or as contrast agents for photoacoustic 
tomography (PAT), because they strongly absorb light at wavelengths 
where the skin is more transparent.

8089-26, Poster Session

Spectral unmixing using component 
analysis in multispectral optoacoustic 
tomography
S. Morscher, J. Glatz, N. C. Deliolanis, A. Buehler, A. 
Sarantopoulos, D. Razansky, V. Ntziachristos, Helmholtz 
Zentrum München GmbH (Germany) and Technische Univ. 
München (Germany)

Multispectral optoacoustic (photoacoustic) tomography (MSOT) 
exploits high resolutions given by ultrasound detection technology 
combined with deeply penetrating laser illumination in the near 
infrared. By excitation in multiple wavelengths molecules with different 
spectral absorption profiles, such as blood (oxy- and de-oxygenated) 
and biomarkers can be recovered using a set of methods described in 
this work. Three unmixing methods are examined for their performance 
in decomposing images into components in order to locate fluorescent 
contrast agents in deep tissue in mice. Following earlier works we find 
Independent Component Analysis (ICA), which relies on the strong 
criterion of statistical independence of components, as the most 
promising approach, being able to clearly identify concentrations that 
other approaches fail to see. The results are verified by cryosectioning 
and fluorescence imaging.
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8090-01, Session 1

An endoscopic structured lighting probe 
using spectral encoding
N. T. Clancy, D. Stoyanov, G. Yang, D. S. Elson, Imperial 
College London (United Kingdom)

Recovering the three dimensional (3D) surface shape of tissues in 
minimally invasive surgery (MIS) is important for developing advanced 
image-guidance and navigation systems. Passive techniques for 
3D reconstruction based on computational stereo are limited by 
the saliency of tissue texture and the view-dependent reflectance 
characteristics of the scene. Structured lighting provides a viable 
alternative by projecting known features onto the tissue surface. 
However, the correspondence problem (distinguishing individual 
projected features computationally) becomes difficult in tissue due 
to the presence of occlusions. Furthermore, miniaturisation of a light 
projection system for use in MIS, while maintaining the required light 
intensity, is a significant challenge.

In this paper, a fibre-based probe is described that projects a 
spectrally-encoded pattern onto the target surface from its distal 
end. A dispersed broadband light source is used to project features 
of varying spectral content. The dominant wavelengths of imaged 
spots may be deduced from the RGB values of the camera using an 
algorithm that locates each colour on a chromaticity diagram. The 
results show that individual spots of a specified wavelength may be 
segmented and their centres of mass calculated, despite varying 
background colour. The probe has also been demonstrated on ex vivo 
tissue.

8090-02, Session 1

Assessment of flow rates in holographic 
laser Doppler imaging
C. V. Magnain, M. Atlan, Ecole Supérieure de Physique et de 
Chimie Industrielles (France)

The assessment of hemodynamics via the optical Doppler effect 
in the low radiofrequencies is well-adapted to microvascular blood 
flow screening in superficial vessels, in vivo. Heterodyne holography 
enables wide-field laser Doppler imaging of fluid flow signatures. This 
technique was reported to allow parallel recordings of light fluctuation 
spectra onto the pixels of an array detector. Spatially-resolved 
hemodynamic contrasts mapping in vessels was demonstrated.

We aim to derive quantitative parameters of fluid velocity from these 
measurements. Our strategy relies either on the calculation of the two 
first moments of Doppler distributions or on the fitting of analytical 
spectra derived from the Diffusing-Wave Spectroscopy formalism: 
for particles in deterministic motion in a semi-infinite medium, the 
first order power spectrum can be modeled by a lorentzian whose 
width and shift are proportional to the velocity. We investigate on the 
validity of the proposed flow measurement methods with an in vitro 
experiment. Once calibrated in-vitro, spectral analysis methods are 
then used to map blood flow velocity in the eye fundus and the brain 
of rodents. 

We report here comprehensive methods for fluid velocity assessment 
from the analysis of optical fluctuation spectra recorded with 
a heterodyne holographic scheme. This work is aimed at the 
development of robust, non-invasive and non-ionizing screening tools 
for quantitative hemodynamics diagnosis without any contrast agent.

8090-03, Session 1

Cell death detection and ionic homeostasis 
monitoring with digital holographic 
microscopy
N. Pavillon, J. Kühn, P. Jourdain, C. D. Depeursinge, P. J. 
Magistretti, P. P. Marquet, Ecole Polytechnique Fédérale de 
Lausanne (Switzerland)

We present an application of digital holographic microscopy (DHM) for 
detection of cell death at early stage. Cell death can occur in various 
pathways, such as apoptosis or necrosis, which are distinguished 
by various morphological and biochemical characteristics. Digital 
holography provides a measurement of the optical path difference 
(OPD) resulting from the refractive index (RI) difference between the 
extra and the intracellular media, which can be related to the regulation 
of cell volume and intracellular ionic concentration.

Their deregulation is an early indicator of cell death mechanisms, 
as they are typical triggering factors of various cell death pathways. 
Through the full-field acquisition feature of DHM, the OPD can be 
monitored dynamically for several cells simultaneously in the field of 
view in a non-invasive way without any labelling. 

We demonstrate this capability by studying cell death induced by 
excitotoxicity through glutamate application on cortical mouse 
neurons. Furthermore, calcium saturation in neuronal cells is a known 
effect of glutamate-induced excitotoxicity, and is also considered as 
an early indicator of cell death mechanism triggering, through calcium 
uptake in mitochondria and subsequent mitochondrial membrane 
depolarization.

We thus assess the exactitude of cell death detection by comparing 
the results obtained through volume regulation monitored by DHM 
measurement with cell viability assessment through trypan blue 
staining, which relies on probing the membrane integrity. We then 
correlate the dynamics of the OPD measurement through DHM 
capabilities and calcium dynamics imaging by fluorescence. We 
identified that both dynamic signals are well correlated temporally, 
showing in this case the links between DHM measurement and 
intracellular ionic regulation.

8090-04, Session 1

Holographic microscopy for the three-
dimensional exploration of light scattering 
from gold nanomarkers in biological media
F. Joud, F. Verpillat, Lab. Kastler Brossel (France); M. Atlan, 
Ecole Supérieure de Physique et de Chimie Industrielles 
(France); M. Abboud, Saint Joseph Univ. of Beirut (Lebanon); 
M. Gross, Lab. Kastler Brossel (France)

Heterodyne holographic microscopy, in the off-axis geometry, is 
well adapted to the detection of weakly scattering objects. The 
sensitivity, signal to noise ratio and selectivity of the technique 
allow the localization of light-scattering gold nanoparticles of a few 
tens of nanometers, which are good candidates of non-toxic and 
perennial markers. Biological environments, however, are difficult to 
address since cell features generate strong parasitic speckle. In this 
communication, we have reported the detection of 40 nm particles 
attached to the Integrine cellular surface receptors of live NIH 3T3 
mouse fibroblasts where the 3D structure of the light scattering from 
these dark-field illuminated live biological specimens is explored using 
a high resolution holographic microscope combining the off-axis 
heterodyne geometry and the phase-shifting acquisition of the digital 
holograms. A comparison of these signals with either non-labelled 
cells or free isolated gold nanoparticles in solution allowed us to 
unambiguously discriminate particles. We show that, in addition to a 
stronger scattering signal, gold particles induce a relatively isotropic 
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scattering, whereas biological features are characterized by mostly 
forward scattering: the speckle signal keeps memory of the illumination 
direction, while the particle signal does not. Gold markers gives, 
contrarily to the cellular structures, well defined bright scattering 
patterns that are not angularly titled and clearly located along the 
optical axis:. This dissimilarity in the scattering patterns, explained by 
the inconsistency of the refractive indexes and anisotropy parameters 
g, is easily characterized by digital holography, making it an excellent 
tool for the 3D detection of gold labels in biological environments

8090-05, Session 1

Fourier phase contrast multimodal optical 
microscopy for real time display of phase 
and fluorescence at the same time
C. S. Yelleswarapu, B. Das, A. Veraksa, D. V. G. L. N. Rao, Univ. 
of Massachusetts Boston (United States)

Optical microscopes are reaching high levels of sophistication enabling 
biologists achieve more insight into different physiological functions at 
cellular level. Cell response to environment is complex, involving both 
structural and functional changes. Understanding of this response is 
sometimes limited by the ability to image cell structure and function 
at the same time. Cell biologists currently obtain separate images, 
such as phase and fluorescence features, using two or more different 
imaging techniques one after the other and digitally register these 
images together. Recently we developed a novel technique of Fourier 
phase contrast multimodal optical microscopy for real time display 
of phase (or absorption) and fluorescence features at the same time 
for study of live cell dynamics. One can record the sequence of 
events in a movie. We were able to obtain co-registered images in 
real time of brightfield+fluorescence, phase+fluorescence, and edge 
enhanced+fluorescence of the Drosophila embryo without the need 
for digital image registration and fusion. To switch between different 
modalities, we just have to replace the contrast enhancement filters 
at the Fourier plane and/or neutral density/fluorescence filters in 
front of the CCD camera. The phase information was obtained using 
the Fourier phase contrast microscopy technique, and fluorescence 
was imaged using trans-fluorescence illumination. We used 4-f 
configuration based spatial frequency filtering to obtain edge 
enhancement for displaying shape and size of the live cells. This 
comprehensive microscope has the capability of simultaneously 
providing both structural and functional information of specimens in 
simplified design with a single optical path.

8090-06, Session 1

In vivo characterization of tumor and tumor 
vascular network using a multi-mode 
imaging approach
V. Kalchenko, Y. Kuznetsov, Weizmann Institute of Science 
(Israel); I. Meglinski, Univ. of Otago (New Zealand); A. Harmelin, 
Weizmann Institute of Science (Israel)

We present a dual-mode imaging approach utilizing a combined use 
of Fluorescence Intravital Microscope and Dynam-ic Light Scattering 
for in vivo characterization and visualization of tumor and tumor 
vascular network in the dorsal skin fold window chamber in mouse. 
The application of Fluorescence Intravital Microscope and Dynamic 
Light Scattering allows to combine the advantages of both techniques 
while improving on their respective limitations. Fluorescence Intravital 
Microscope has been used for tumor visualization, whereas Dynamic 
Light Scattering applied for imaging of blood vessels with the higher 
spatial resolution. The results demonstrate that such a dual-mode 
combined application of Fluorescence Intravital Microscope and 
Dynamic Light Scattering has a great potential and can significantly 
expand the capabilities of tumor angiogenesis studies and notably 
contribute to the development of cancer treatment.

8090-07, Session 1

Intravascular laser speckle imaging (ILSI): in 
vivo evaluation of the mechanical properties 
of coronary plaques in living swine
S. K. Nadkarni, J. D. Toussaint, Z. Hajjarian, Harvard Medical 
School (United States)

The rupture of unstable coronary plaque is the most frequent event 
leading to acute myocardial infarction, which remains the single 
leading cause of death worldwide. Biomechanical factors play a key 
role in determining plaque stability and it is well conceived that an 
intricate interplay between multiple morphological, compositional and 
biochemical processes cumulatively influences plaque mechanical 
properties, culminating in rupture. The development of novel 
techniques that measure plaque mechanical properties is vital for 
identifying rupture-prone coronary plaques, guiding therapy, and for 
providing insights into plaque stabilization in patients. Laser Speckle 
Imaging (LSI) is a new technique that provides highly sensitive 
measurements of tissue viscoelasticity by measuring the Brownian 
motion of light scattering particles from temporally evolving laser 
speckle fluctuations. Prior studies conducted on human arteries ex 
vivo have demonstrated the potential of LSI in characterizing plaque 
type in relation with the mechanical properties and morphology of 
the plaque. Here, we demonstrate for the first time the feasibility 
of conducting ILSI in vivo to measure the mechanical properties of 
coronary atherosclerotic plaques in living swine under physiological 
conditions of cardiac motion and blood flow using a custom fabricated 
catheter and a high speed ILSI console. Our results demonstrate 
the high accuracy and sensitivity of the new ILSI technique in the 
mechanical characterization of coronary plaques and in evaluating 
collagen and lipid content. These studies open the exciting possibility 
of evaluating key mechanical factors related to plaque rupture in future 
clinical studies in patients.

8090-08, Session 1

Advanced multifunctional imaging and 
sensing techniques based on confocal 
microscopy and optical coherence 
tomography
I. K. Ilev, U.S. Food and Drug Administration (United States)

Biophotonics imaging and sensing techniques are an emerging 
technology which provides alternative minimally invasive, effective, fast 
and painless tools for diagnostics and monitoring of diseases, drug 
discovery, photodynamic cancer therapy and precise ultrashort pulse 
laser-tissue manipulation in ophthalmology, dentistry, dermatology, 
cardiology and neurosurgery. Among the modern biophotonics 
imaging/sensing technologies, the area of high-resolution fiber-optic 
based imaging/sensing approaches is an intensively active field since 
this technology provides a number of significant advantages in terms 
of flexibility, miniaturization, scanning possibilities, immunity to external 
influences, and high multiplexing potential for combined imaging 
and sensing methods. In this work, we present some advanced 
combined fiber-optic imaging and sensing techniques based on 
novel multifunctional confocal microscopy and optical coherence 
tomography (OCT) approaches for high-resolution monitoring and 
biosensing in the areas of ophthalmology and optical nerve stimulation. 
These novel techniques includes the following modalities: (1) a high-
resolution confocal fiber-optic laser method for precise measurement 
of the dioptric power of various focusing elements including intraocular 
lens (IOL) implants; (2) a fiber-optic dual-confocal gauge for high-
precision thickness measurement of optically transparent and 
non-transparent objects; (3) a Fourier-domain common-path OCT 
(FD-CP-OCT) method for precise real-time detection and monitoring of 
fiber-to-nerve distance perception at optical nerve stimulation; and (4) 
a Fourier-domain OCT (FD-OCT) method for post-surgical volumetric 
evaluation of clear corneal incision quality and for monitoring the 
healing process. These noninvasive high-resolution techniques can 
be applied as alternative tools for combined imaging and sensing at 
cellular/intracellular and bulk tissue level.
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8090-09, Session 2

Development of photonic crystal fiber-based 
SERS platform for biosensing applications
D. U. K. Soudamini Amma, C. Y. Fu, K. S. Soh, Singapore 
Bioimaging Consortium (Singapore); R. Bhuvaneswari, National 
Cancer Ctr. of Singapore (Singapore); M. C. Olivo, Singapore 
Bioimaging Consortium (Singapore)

Surface Enhanced Raman Scattering (SERS) technique is used as 
an indispensable and sensitive modality for bio-sensing due to its 
ability to distinguish the analyte molecules based on their distinct 
vibrational ‘fingerprint’ spectra. In most of the SERS sensing platform, 
nano-roughened substrates are fabricated on a planar platform such 
as glass or silicon. However, the great demand for in vivo sensing 
platform entails the use of optical fibers. This combination offers 
the advantages of molecular fingerprinting of Raman scattering, 
the enormous enhancement factor of SERS and the flexibility of 
optical fibers. However, the major challenge in developing such a 
SERS sensor based on conventional optical fiber is to achieve high 
sensitivity, especially when working in backscattering geometry. In 
order to overcome this problem, photonic crystal fibers (PCF) were 
introduced, due to which analyte molecules can be absorbed into the 
air holes of core and/or cladding thereby increasing the interaction 
length between the excitation laser and analyte. Here, we report a 
novel PCF based SERS sensing platform for the detection of cancer 
proteins in sample volume as low as nanoliters. As a proof of concept, 
lysate solutions from EGFR expressing head and neck carcinoma cells 
were immobilized into the photonic crystal fiber for protein binding and 
was detected using anti-EGFR antibody conjugated SERS nanotag. 
The SERS nanotag is fabricated by immobilization of highly Raman 
active molecules on to gold colloid. We also compare the performance 
of solid core PCF and hollow core PCF in developing the SERS 
biosensing platform.

8090-10, Session 2

Lung cancer targeted Raman active 
phospholipid gold nanoparticles for 
ultrasensitive and specific molecular 
imaging and detection
N. Tam, B. Scott, B. C. Wilson, G. Zheng, Ontario Cancer 
Institute (Canada)

Current detection of non small cell lung carcinoma (NSCLC) through 
CT scans and MRI are overly sensitive in nodule detection due to its 
lack of specificity. Thus, molecular targeting techniques are sought 
out to improve accuracy of diagnosis for earlier cancer detection 
and treatment. Surface Enhanced Raman scattering (SERS) gold 
nanoparticles are appealing platforms for molecular target detection 
of cancer cells because it uses photon excitation of various dye 
molecules to give specific characteristic molecular scattering 
signatures that is then amplified up to 10^14-16 of magnitude by 
plasmons on the metallic surface. This not only allows for ultra 
sensitivity but its molecular signature also gives numerous multiplexing 
capabilities. For in vivo disease detection and imaging, we designed a 
highly robust SERS platform that encapsulates Raman dye molecules 
adsorbed on 60nm colloidal gold with a non-thiol phospholipid coating 
termed Raman active phospholipid gold (RAP AuNPs). This novel 
nano-photonics platform is structurally and functionally stable in 
serum and is extremely versatile to changing numerous phospholipid 
moieties or biochemical reactive groups to modulate surface charges 
for subcellular targeting or to include fluorescence for standardization. 
Here, we combined its detection sensitivity with molecular specificity 
by conjugating a targeting ligand (antibodies, affibodies, peptides). 
We used epithelial growth factor receptor overexpressed on NSCLC 
cells as a model system for specific SERS and fluorescence detection. 
Compared to conventional molecular imaging techniques such as 
fluorescence, these SERS biocompatible RAP AuNPs are photostable 
and cannot be quenched. Further improvements in targeting specificity 
using multiple targeting motifs will progress this new class of molecular 
detection probes useful for a novel, more specific, and highly sensitive 
in vivo cancer detection.

8090-11, Session 2

Development of Au/Ag substrate with 
alternating nanosphere array for SERS-
based biosensing
C. Y. Fu, D. U. K. Soudamini Amma, Singapore Bioimaging 
Consortium (Singapore); K. Kho, National Cancer Ctr. of 
Singapore (Singapore); W. Goh, Singapore Bioimaging 
Consortium (Singapore); M. C. Olivo, National Univ. of Ireland, 
Galway (Ireland)

Nanostructure substrates are effective biosensor to spectrally 
differentiate multiple compounds by Surface-enhanced Raman 
scattering (SERS). The majority of the SERS-substrate is composed 
of metallic colloid or patterned solid surfaces. Compared to colloids, 
patterned solid surfaces are immune to aggregation and are thus 
ideal for ex-vivo biosensing. Among the reported substrates, metal 
film over nanosphere (MFON) has been demonstrated to exhibit 
reproducible and predictable Raman enhancement. MFON can be 
fabricated using an economical process in which polystyrene (PS) 
nanospheres are self-assembled on a planar solid supports and then 
followed by metal coating. In this work, we investigate the MFON 
substrates with bimetallic coating to combine the optical-enhancing 
and stability features from Ag and Au layers. The SERS responses 
are then quantified from the resultant bimetallic structures with 
2-Naphthalenethiol. We show that the bimetallic substrate of optimal 
Au/Ag thickness ratio renders SERS enhancement and stability 
exceeding those of the Au-coated MFON. Compared to Au array, 
the bimetallic substrate exhibits quasi-bimetallic nanoparticles of 
surpassing SERS with enhancement factor determined to be 2×107. 
In addition, we propose a fabrication scheme to construct MFON 
with alternating sizes (100nm and 400nm) of nanosphere. At optimal 
proportional amount, the 100nm-spheres were packed within the gaps 
between the 400nm-spheres. The resultant morphology increases the 
number of contact points between the nanospheres that could possibly 
lead to increment in SERS enhancement. Finally, the substrates will 
also be tested for biosensing by functionalizing the surface with 
antibody and receptor.

8090-12, Session 2

Investigation of protein aggregation 
dynamics with a Bloch surface wave sensor
V. Paeder, S. Santi, V. Musi, H. P. Herzig, Ecole Polytechnique 
Fédérale de Lausanne (Switzerland)

We present a study of the dynamics of protein aggregation using a 
common path heterodyne Bloch surface wave sensing scheme. We 
demonstrate the ability to detect, during thermal incubation, the early 
events linked to the aggregation of proteins related to conformational 
diseases. Hen Egg White Lysozyme and Alzheimer’s amyloid-β 1-42 
are used as model systems to demonstrate the efficiency of the 
method.

8090-13, Session 3

Polymer waveguide platform for highly 
integrated biophotonics
H. Keshmiri, B. Agnarsson, K. Leosson, Univ. of Iceland 
(Iceland)

We present a novel highly integrated polymer waveguide platform 
suitable for applications in biophotonics. The waveguides are 
composed of PMMA and the fluorinated polymer Cytop, with 
a relatively large index contrast of 0.15, providing strong light 
confinement and compact optical devices. The waveguide materials 
are biocompatible and have been shown to be well suited for cell 
growth. A unique feature of this waveguide platform is the fact that 
the refractive of the Cytop cladding closely matches that of aqueous 
samples or live cells. Various types of biological samples can therefore 
seamlessly form part of the waveguiding structure. Integrating optical 
and electrical functionality on the waveguide chip allows for direct 
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control of the excitation and/or detection signals, in addition to 
providing functions like temperature control and monitoring. We have 
fabricated several types of compact optical components for light 
manipulation and/or sensing purposes, including directional couplers, 
micro-ring resonators and thermo-optically controlled Mach-Zehnder 
interferometer swiches. We have also demonstrated the applicability 
of the polymer waveguide platform for evanescent-wave fluorescence 
microscopy of fixed and live cell cells, where the symmetric waveguide 
index also provides greater tunability of the evanescent-wave 
penetration depth than conventional evanescent-wave microscopy 
techniques like total internal reflection fluorescence microscopy (TIR-
FM). Finally, we also demonstrate how the waveguide platform can 
be used for biosensing applications, including coupling to the surface 
plasmon resonance of metal films for enhancing the evanescent 
field strength, increasing fluorophore efficencty and for capturing 
metal-quenched fluorescence signal by coupling to the dielectric 
waveguides. Waveguide fabrication techniques will be described in 
detail, in particular the special techniques that have been developed to 
allow the use of the unique fluoropolymer Cytop in planar waveguide 
processing.

8090-14, Session 3

Mesh-based Monte Carlo code for 
fluorescence modeling in complex tissues 
with irregular boundaries
R. H. Wilson, L. Chen, W. R. Lloyd, S. Kuo, C. L. Marcelo, S. E. 
Feinberg, M. Mycek, Univ. of Michigan (United States)

Fluorescence spectroscopy is frequently employed for tissue sensing 
because it has the potential to provide quantitative information 
about the relative contributions of native tissue fluorophores (such 
as collagen, NADH, and FAD) to the detected signal. However, 
the detected fluorescence signal can often be distorted by tissue 
absorption and scattering. Monte Carlo (MC) simulations, the current 
gold standard for describing photon propagation in turbid media, are 
often employed to quantitatively model tissue fluorescence in a manner 
that accounts for tissue geometry and attenuation from absorption and 
scattering. This problem becomes particularly challenging in a tissue 
model with a complex geometry. Here, we describe the development 
and validation of a versatile, user-friendly, MATLAB-based Monte Carlo 
code that can use easily-interchangeable, analytically-defined surface 
meshes to model tissue geometry. The code can use information from 
non-linear optical microscopy images to discriminate the detected 
fluorescence from different layers of complex turbid media. The code 
can be employed to predict spatially-resolved fluorescence from a 
layered tissue model for which the interfaces between the layers are 
irregular in shape. We present a specific application of modeling a 
layered human tissue-engineered construct (Ex Vivo Produced Oral 
Mucosa Equivalent, EVPOME) designed for use in repair of oral tissue 
following surgery. Second-harmonic generation microscopic imaging of 
an EVPOME construct (oral keratinocytes atop a scaffold coated with 
human type IV collagen) was employed to determine an approximate 
analytical expression for the shape of the interface between the two 
layers. This expression can then be inserted into the code in order to 
correct the simulated fluorescence for the effect of the irregular tissue 
geometry.

8090-15, Session 3

Characterization of nanoparticles using 
yhird harmonic generation correlation 
spectroscopy
M. Geissbuehler, I. Märki, N. Bocchio, Ecole Polytechnique 
Fédérale de Lausanne (Switzerland); V. I. Shcheslavskiy, Becker 
& Hickl GmbH (Germany); T. Lasser, Ecole Polytechnique 
Fédérale de Lausanne (Switzerland)

Nanoparticles are interesting for biomedical imaging as novel non-
fluorescent non-bleaching labels that can be used with nonlinear 
microscopy, digital holography and optical coherence tomography 
(OCT).

We present the characterization of various nanoparticles using 

correlation spectroscopy. The method is based on the third harmonic 
generation through illumination with a focussed pulsed femtosecond 
laser. Observation of freely diffusing nanoparticles through a confocal 
observation volume allows recording intensity fluctuations of the 
third harmonic signal. This yields autocorrelation diagrams similar to 
those with diffusing fluorescent molecules known from fluorescence 
correlation spectroscopy (FCS).

We present the optical system based on a customized mode-locked 
Cr:forsterite laser, the correlation spectroscopy setup as well as first 
spectroscopic results on nanoparticles of different shapes and sizes 
such as polystyrene beads and metallic rods.

8090-16, Session 3

Fabrication and characterization of real-
time optical fiber dosimeter probe
A. Croteau, S. Caron, INO (Canada); A. Rink, D. A. Jaffray, 
Princess Margaret Hospital (Canada); O. Mermut, INO (Canada)

The radiation therapy is the medical use of ionizing radiation as part 
of cancer treatment to control malignant cells. There is a pressing 
need for a passive optical fiber dosimeter probe for use in real-time 
monitoring and quality control of radiation dose delivered to patients 
in clinical radiotherapy. An optical fiber dosimeter probe using a 
radiochromic material has been proposed and developed. Unique 
advantages for this dosimeter are MR-compatibility of the probe, 
water-equivalent composition, and a real-time readout of delivered. 
Various parameters for the plastic optical fibers and reflective ends, 
and methods of incorporating the radiochromic material onto the 
optical fiber and reflector into a single probe were investigated. Since 
commercial radiochromic film is not appropriate for miniaturization, 
we designed, and fabricated the probe based on developing a method 
to attach the radiochromic material and a dielectric mirror, and 
assembling it onto a plastic optical fibre. Thin films of 2 - 20µm thick 
were studied. The absorbance spectra of the optical fiber dosimeter 
probes were measured before and after irradiation. After irradiation, the 
absorbance increase in the 585nm and 636nm bands. Measurements 
of the net optical density vs. time before, during, and after irradiation 
at a rate of 500cGy/minute to a total dose of 5Gy were performed. Net 
OD increased from 0.2 to 2.0 for radiochromic thin film thicknesses of 2 
to 20µm, respectively. These results demonstrated that our optical fiber 
dosimeter probes are sensitive in real time to the radiation beam, and 
that the radiochromic fiber probe-based dosimetry can be performed.

8090-17, Session 3

Comparison of Monte Carlo simulations of 
polarized light propagation in turbid media 
with exact Maxwell solutions
A. Hohmann, F. Voit, J. Schäfer, A. Kienle, Univ. Ulm (Germany)

It is quite difficult to test programs for simulation of polarized light 
propagation in turbid media. No unique reference solution exists and 
experiments are only of a limited accuracy.

In this study, a Monte Carlo program for simulation of polarized light 
propagation in scattering media was developed. By comparing the 
results of this program (angularly resolved independent Müller matrix 
elements S11, S21, S34 and S44) with analytical solutions of the 
Maxwell equations, a testing method for Monte Carlo programs of 
polarized light propagation was found. A further goal was to point out 
the differences between solutions of the radiative transfer theory and 
the Maxwell theory for polarized light quantitatively.

8090-18, Session 4

Intravascular photoacoustic imaging of 
human coronary atherosclerosis
K. Jansen, A. F. W. van der Steen, H. M. M. van Beusekom, J. 
W. Oosterhuis, G. van Soest, Erasmus MC (Netherlands)

The majority of acute coronary events are precipitated by the rupture 
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of a vulnerable atherosclerotic plaque in the coronary system, 
and subsequent thrombogenesis. The vulnerability of a plaque 
- its susceptibility to rupture - is known to be related to plaque 
composition, mechanical stress distribution and inflammation state. 
Intravascular photoacoustics (IVPA) is a tool for plaque composition 
imaging. It capitalizes on the differences in the chemical absorption 
spectra of various tissue types: by selecting the excitation wavelength, 
a photoacoustic signal can be excited from specific tissue types in 
the artery wall. We demonstrate intravascular photoacoustic imaging 
of human coronary atherosclerotic plaque. A 1.25 mm diameter 
intravascular combined photoacoustic/ultrasound imaging catheter 
was built, comprising an angle-polished optical fiber, adjacent to 
an ultrasound transducer. The transducer had a center frequency 
of 30 MHz and a 6-dB fractional bandwidth of 65%. The data were 
obtained from fresh human coronary arteries ex vivo. Images were 
acquired at several excitation wavelengths between 715 and 1800 nm, 
concentrating on the spectral range near 1200 nm where a prominent 
harmonic of the C-H stretch vibrational mode signals the presence of 
lipids. In addition, full spectral scans were made at particular angular 
locations, which were selected based on intravascular ultrasound 
(IVUS) imaging morphology. After imaging the artery specimens 
were cut at the image plane and prepared for histology staining. 
We successfully imaged the lipid content of human atherosclerotic 
plaque ex vivo. Our findings were confirmed by histology. By its hybrid 
optical/acoustic nature, IVPA is a natural addition to IVUS and has the 
potential to extend its imaging capability with tissue type sensitivity.

8090-19, Session 4

Signal content windowing for SNR 
improvement in photoacoustic imaging
P. Kruizinga, Erasmus MC (Netherlands); S. Kim, S. R. 
Aglyamov, The Univ. of Texas at Austin (United States); G. 
van Soest, T. van der Steen, Erasmus MC (Netherlands); S. Y. 
Emelianov, The Univ. of Texas at Austin (United States)

In photoacoustic imaging, the method of averaging multiple recordings 
is often used to enhance the signal-to-noise ratio of a single scanline. 
However, in cases where the initial SNR is low and electromagnetic 
interference is dominant this averaging method appears to be 
inefficient. To overcome this deficiency we propose a new technique 
that evaluates recordings on the basis of local similarity through a 
sliding window algorithm. Herein, all subsequent measurements are 
decomposed in adjacent window matrices. The local signal evaluation 
takes place through a sophisticated resampling of the window matrix 
where after a fast Fourier transform is applied. The magnitude of the 
frequency component corresponding to the imposed periodicity is 
stored for imaging purposes. In this submission we will outline the 
features and the implementation of the so called, Signal-Content-
Windowing (SCW) technique and show its superiority over normal 
averaging by using synthetic and experimental photoacoustic data.

8090-20, Session 4

Photoacoustic section imaging with an 
integrating cylindrical detector
S. Gratt, K. Passler, R. Nuster, G. Paltauf, Karl-Franzens-Univ. 
Graz (Austria)

A piezoelectric detector with cylindrical shape for photoacoustic 
section imaging is characterized. The cylinder is larger than the 
imaged object and focuses into an image plane within the sample, 
which is rotated about an axis perpendicular to the cylinder axis. 
Since the large detector integrates the pressure field over its area, the 
reconstruction of one section image is found by using the standard 
inverse Radon transform. The geometry of the cylindrical detector 
gives the numerical aperture, which determines the resolution. We 
manufactured the sensor using a film of piezoelectric polymer attached 
to a resin block with a concave cylindrical surface. Measurements of 
the resolution were performed by illuminating either a black hair (for 
in plane resolution) or a small oil droplet (for out of plane resolution) 
with short (8 ns) laser pulses. The resolution within the imaging plane 
was found to be slightly less than 100 µm, and about five times higher 
compared to the resolution perpendicular to this plane. This is due to 

the chosen numerical aperture and the kind of used illumination. To 
show the prospects of the cylindrical detector a zebra fish was imaged 
as a biological sample. The inner structure of the fish like the spine and 
the pancreas are displayed in the images as well as pigment stripes 
and fins on the outside.

8090-21, Session 4

Enlarged acceptance angle of a finite-size 
detector in photoacoustic imaging using 
acoustic lenses
W. Xia, D. Piras, M. Heijblom, Univ. Twente (Netherlands); S. 
Van Veldhoven, C. Prins, Oldelft Ultrasound B.V. (Netherlands); 
J. Van Hespen, W. Steenbergen, T. Van Leeuwen, S. Manohar, 
Univ. Twente (Netherlands)

A large surface area transducer has high sensitivity and is preferable 
for detecting weak photoacoustic signals. A drawback is that the 
acceptance angle of such a detector is narrow. This has negative 
implications for the lateral resolution and would require small element 
pitch when designing 2D planar arrays. The use of an acoustic lens can 
allow opening up of the acceptance angle while still using a large area 
detector. In this work we introduce an excellent material for an acoustic 
lens possessing high speed of sound, while having tissue-like acoustic 
impedance and low acoustic attenuation. We investigate the acoustic 
irradiation pattern of a custom-made PZT transducer with and without 
a lens made from our proposed material, comparing performance 
with commonly used lens materials. Finally, photoacoustic imaging 
experiments of a breast phantom are performed using the transducer 
with and without the proposed acoustic lens.

8090-22, Session 4

Multispectral optoacoustic tomography 
(MSOT) for preclinical imaging of the 
cardiovascular system
A. Taruttis, E. Herzog, D. Razansky, V. Ntziachristos, Helmholtz 
Zentrum München GmbH (Germany)

Macroscopic visualization of functional and molecular features 
of the cardiovascular system is rapidly becoming an important 
tool in basic research and clinical translation of new diagnostic 
and therapeutic strategies. We demonstrate the application of 
Multispectral Optoacoustic Tomography(MSOT) in noninvasively 
imaging disease-relevant vascular structures as well as the heart in 
mice macroscopically in real-time and in-vivo, an unprecedented 
ability in optical or optoacoustic (photoacoustic) imaging approaches 
documented so far. One of the key advantages of the technique in 
comparision to pure optical imaging methods, is the decoupling 
of spatial resolution from optical scattering at greater imaging 
depths: ultrasound detection achieves spatial resolutions an 
order of magnitude better than optical detection of diffuse light. 
Optoacoustic imaging has a natural sensitivity to hemoglobin, the 
latter being the major absorber of light in tissues. As a consequence, 
optoacoustic imaging is ideally suited to imaging structural features 
of the vasculature without the need for labels. Additionally, using 
multispectral excitation, MSOT is able to distinguish between specific 
absorbers by means of their unique spectral signatures. This can be 
applied to intrinsic tissue absorbers, for example to map variations 
in blood oxygenation levels, or to exogenous optical agents like 
fluorescent dyes and light absorbing nanoparticles, which can be used 
as molecular imaging probes. In particular, gold nanorods, displaying 
high optical absorption and tunable near-infrared absorption peaks, are 
shown to generate a strong optoacoustic contrast. We present in-vivo 
imaging results of a variety of disease relevant anatomical structures, 
including the carotid arteries, the aorta and the heart, as well as 
demonstrations of optical probe detection, all with a spatial resolution 
of approximately 150 microns, deep under the skin surface.
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8090-23, Session 4

Image-quality enhancement in optoacoustic 
tomography with flat detectors
A. Rosenthal, D. Razansky, V. Ntziachristos, Helmholtz Zentrum 
München GmbH (Germany)

In order achieve high signal-to-noise ratio (SNR), optoacoustic imaging 
setups often employ acoustic transducers with the maximal size 
possible under manufacturing and setup-geometry constraints. In the 
case of flat detectors, the finite-detector size may lead to a distorted 
sensitivity field, loss of reconstruction resolution, and image artifacts. 
The reason for reduced image quality is that inversion algorithms 
are based on the assumption of isotropic sensitivity, which losses its 
accuracy in finite-size detectors. Specifically, flat detectors exhibit a 
higher bandwidth and sensitivity for targets that are positioned in front 
of them than for offset targets. In addition, the finite size of the detector 
leads to variations in the delay of the optoacoustic signal as compared 
to a point detector. These effects cannot be readily corrected for when 
using closed-form reconstruction formulae such as those used in 
back-projection algorithm.

In this work we study the distortions caused to optoacoustic signals 
by the size of flat detectors and the resulting reconstruction errors and 
resolution loss in 2D tomographic geometries and demonstrate how 
they can be overcome. The analysis is performed using an analytical 
solution for the impulse response of a flat detector and our recently 
developed interpolated model matrix inversion (IMMI) algorithm. The 
spatially dependent impulse response of the detector is integrated into 
IMMI using temporal convolution, and can thus be taken into account 
in the inversion. We show that when sufficient projections are available, 
the reconstruction artifacts can be eliminated and the resolution can be 
enhanced.

8090-24, Poster Session

Classification of the micro and 
nanoparticles and biological agents by 
neural network analysis of the parameters 
of optical resonance of whispering gallery 
mode in dielectric microspheres
V. A. Saetchnikov, E. A. Tcherniavskaia, Belarusian State Univ. 
(Belarus); G. Schweiger, A. Ostendorf, Ruhr-Univ. Bochum 
(Germany)

A novel technique for the label-free analysis of micro and nanoparticles 
including biomolecules using optical micro cavity resonance of 
whispering-gallery-type modes is being developed. Various schemes of 
the method using both standard and specially produced microspheres 
have been investigated to make further development for microbial 
application. It was demonstrated that optical resonance under optimal 
geometry could be detected under the laser power of less 1 microwatt. 
The sensitivity of developed schemes has been tested by monitoring 
the spectral shift of the whispering gallery modes. Water solutions of 
ethanol, ascorbic acid, blood phantoms including albumin and HCl, 
glucose, biotin, biomarker like C reactive protein so as bacteria and 
virus phantoms (gels of silica micro and nanoparticles) have been 
used. Structure of resonance spectra of the solutions was a specific 
subject of investigation. Several parameters of resonance spectra 
as spectral shift, broadening, diffuseness and others have been 
used as input parameters to develop a network classifier for micro 
and nanoparticles and biological agents in solution. Classification 
probability of approximately 98% for probes under investigation have 
been achieved. 

Developed approach have been demonstrated to be a promising 
technology platform for sensitive, lab-on-chip type sensor which can 
be used for development of diagnostic tools for different biological 
molecules, e.g. proteins, oligonucleotides, oligosaccharides, lipids, 
small molecules, viral particles, cells as well as in different experimental 
contexts e.g. proteomics, genomics, drug discovery, and membrane 
studies.

8090-25, Poster Session

Optics nanotechnology enables rapid label-
free diagnostics for biomedical applications
D. D. Wawro, S. Zimmerman, Resonant Sensors Inc. (United 
States); R. Magnusson, The Univ. of Texas at Arlington (United 
States); P. Koulen, Univ. of Missouri-Kansas City (United 
States)

A new highly sensitive sensor technology has the potential to simplify 
medical diagnostic tests by significantly reducing operation complexity 
compared to standard tests such as enzyme-linked immunoassays. 
Sensor elements are fabricated from low-cost polymers and pre-
sensitized to detect an array of agents related to the disease. These 
elements are disposable and designed to operate tag-free using 
patient samples without pre- or post-chemical processing. Picomolar 
concentrations for a wide variety of analytes, including proteins, drugs, 
bacteria, viruses, and DNA can be measured. Additionally, the sensor 
system design utilizes low-power laser diodes and detector arrays 
in a compact format allowing for enhanced portability. The heart of 
this new sensor technology is the guided-mode resonance (GMR) 
effect that occurs in sub-wavelength waveguide gratings. When these 
sensors are illuminated with a light source, a specific wavelength of 
light is reflected at a particular angle. Interaction of a target analyte 
with a biochemical layer on the sensor surface yields measurable 
angular shifts that directly identify the binding event without additional 
processing or foreign tags. Since the resonance layer is polarization 
sensitive, separate resonance peaks occur for incident polarization 
states. This property provides cross-referenced data points that can 
be used to calibrate for variations such as temperature or sample 
background and to reduce the probability of false readings.

8090-26, Poster Session

NIR tracking assists sports medicine in 
junior basketball training
R. Paeglis, K. Bluss, Biomechanics and Physical Research 
Institute (Latvia); A. Rudzitis, A. Spunde, Latvian Academy of 
Sports Education (Latvia); T. Brice, Univ. of Latvia (Latvia)

We recorded eye movements of eight elite junior basketball players 
with an infra-red device. Potentially, these findings could be transferred 
for people with limited motor control. We hypothesized that a more 
stable gaze is correlated to a better shot rate. Upon preliminary testing 
we invited male juniors whose eyes could be reliably tracked in a game 
situation. To these ends, we used a head-mounted video-based eye 
tracker. The participants had no record of ocular or other health issues. 

No significant differences were found between shots made with and 
without the tracker cap, Paired samples t-test yielded p=0.13 for the 
far and p=0.90 > 0.05 for the middle range shots. The players made 
40 shots from common far and middle range locations, 5 and 4 meters 
respectively for aged 14 years.

As expected, a statistical correlation was found between eye fixation 
(in milliseconds) and the far and middle range shot rates, r=0,78, 
p=0,03. Notably, juniors who fixated longer before a shot had a more 
stable fixation or a lower gaze dispersion (in tracker’s screen pixels), 
r=-0,82 at least, p=0.02. These observations supported the hypothesis 
that the gaze dispersion while aiming at the basket was less (i.e., gaze 
more stable) in those who were more likely to score. We thus advocate 
infra-red eye tracking as a means to monitor player selection and 
training success.

8090-27, Poster Session

Time-resolved diffuse optical spectroscopy 
up to 1700 nm using a time-gated InGaAs/
InP single-photon avalanche diode
I. Bargigia, A. Tosi, A. Bahgat Shehata, Politecnico di Milano 
(Italy); A. Della Frera, Micro Photon Devices S.r.l. (Italy); A. 
Farina, A. Bassi, P. Taroni, A. Dalla Mora, F. Zappa, A. G. Pifferi, 
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Politecnico di Milano (Italy)

Optical techniques are assuming an increasingly relevant role in the 
study of highly scattering media, especially in the fields of non-
invasive medical diagnostics, biology and quality assessment of 
food and pharmaceutical products. Specifically, so far time-domain 
diffuse optical spectroscopy has been exploited mostly up to 1100 
nm: we extended the spectral range beyond this limit with possible 
applications not only in the field of medical diagnostics but also in all 
those fields where investigation of scattering materials is involved. 
The system is based on a supercontinuum fiber laser, a prism for 
wavelength selection, an InGaAs/InP Single-Photon Avalanche Diode 
(SPAD) operated in time-gated mode to detect photons up to 1700 nm 
and time-correlated single photon counting as processing electronics. 
In particular, optical spectroscopy is being successfully employed in 
the investigation of biological tissues, since information about tissue 
composition can be derived from absorption properties. One of the 
main constituents of biological tissues is collagen, which is present 
in both hard and soft tissues and in particular in the breast: as a 
consequence, optical techniques are suitable for evaluating mammary 
collagen content in order to perform a non-invasive classification of 
breast density. Moreover, recent studies on mammary tumors in mice 
have shown a correlation between collagen density and risk of tumor 
formation and progression. Therefore, the capability of performing a 
completely non-invasive direct assessment of breast density through 
optical measurements could be a powerful diagnostic tool. As a first 
example of application we performed a measurement of the absorption 
spectrum of collagen powder in the range 1100 - 1700 nm.

8090-28, Poster Session

Upconversion nanosized luminophores as a 
novel tool for deep tissue imaging
A. P. Popov, A. Bykov, Univ. of Oulu (Finland); A. V. Zvyagin, 
Macquarie Univ. (Australia); A. V. Priezzhev, Lomonosov 
Moscow State Univ. (Russian Federation); R. Myllylä, Univ. of 
Oulu (Finland)

Optical tomography is a deep tissue imaging (sensing) method 
finding important practical applications in medicine. However, 
spatial resolution at the millimeter level and nonspecificity are the 
weaknesses of the technology. One of the ways to improve imaging 
of the diagnosed tissue is its labeling with luminescent materials 
(luminophores). However, strong absorption and scattering of the 
probing light as well as fluorescence in the visible spectral range and 
incomplete suppression of the autofluorescence by spectral methods 
make this approach a non-ideal solution. 

A promising way of labeling could be the use of anti-Stokes 
(upconversion) luminophores. There are two outstanding properties 
of NALs in the context of optical deep tissue imaging: a) a spectrally 
well-positioned narrow absorption line at 980 nm in the so-called 
diagnostic/therapeutic window, which provides deeper (compared to 
visible light) penetration of light with minimal absorption and scattering 
in living tissue and b) a long fluorescence decay time, measured in 
milliseconds, allowing to implement simple optical schemes of delayed 
(time-gated) registration, which can almost completely eliminate the 
background autofluorescence from the surrounding tissue. Thus, one 
can expect record-high sensitivity, localization and penetration depth 
of optical sensing.

We report about preliminary results of using upconversion nanosized 
luminophores for purpose of tissue imaging. We manufactured 5-mm-
thick tissue-mimicking phantoms with scattering coefficient of 5 mm-1 
and 10-nm fluorescent particles for this study. Spectroscopic tests 
performed with NALs located under the phantoms and irradiated 
through them show well distinguishable fluorescent signal coming 
from the particles. We performed Monte Carlo simulations of the 
whole process: phantom irradiation with light, light absorption 
within the phantom and inside a vessel with located NALs, and 
detection of fluorescence emitted by NALs on the phantom surface. 
Inhomogeneous distribution of emitted light is observed, showing 
drawbacks of point-like irradiation. Homogeneous irradiation shows 
cylinder shape more reliably.

8090-29, Poster Session

A photoplethysmography device for 
multipurpose blood circulatory system 
assessment
E. Kviesis-Kipge, J. Zaharans, O. Rubenis, A. Grabovskis, Univ. 
of Latvia (Latvia)

Photoplethysmography (PPG) is optical non-invasive measurement 
technique that provides immediate diagnostic information on 
cardiovascular state. PPG signals reflect the change in blood volume 
caused by blood vessel expansion and contraction, which can be 
detected by photodiode if external light is illuminated into tissue. Time 
intervals between the PPG peaks can be converted into the heart 
rate or pulse, but the waveform characteristics of each individual 
PPG pulse contain hemodynamic information. Infrared radiation 
penetrates ~1-3 mm deep under the skin surface therefore detected 
intensity signals represent blood pulsations in skin’s dermal layer. 
Photoplethysmography signal consists of two components- slowly 
variable DC offset representing skin blood volume in the probe-
covered area, and the fast alternat-ing AC component that reflects the 
blood volume pulsations. 

Physiological measurements require accurate and easy to use PPG 
signal measuring device, ensuring low signal noise and high spatial 
and temporal resolution (at least 1 kHz). Such devices are not 
produced commercially, so we designed a laboratory-made prototype.

Our set up unit consists of: a PPG sensor, a central system control 
unit and a Li-ion accumulator. The design of the scheme is based on 
a photodiode discharge time measurement using a 32-bit timer built 
into the microcontroller [2]. A special reflection PPG sensor probe was 
created and adapted to the artery measurement specifics, providing 
the possibility to take contact PPG measurements virtually from any 
site of the body.

8090-30, Poster Session

Usability of photoplethysmography method 
in estimation of conduit artery stiffness
A. Grabovskis, Z. Marcinkevics, L. Zane, M. Majauska, J. 
Aivars, V. Lusa, A. Kalinina, Univ. of Latvia (Latvia)

Arterial stiffness is an independent predictor of cardiovascular events; 
it also may serve as indirect indicator of endothelial dysfunction.

Three channel photoplethysmography (PPG) signal waveform studies 
of leg conduit arteries during a provocative occlusion test were 
performed. Significant PPG and reference method value correlations of 
local and regional AS have been observed, showing the ability to use 
PPG for AS change detection.

The aim of this study was to prove and test the usability of arterial PPG 
signal waveform and PTT analysis to assess AS changes. Also, it was 
to compare the values obtained by the PPG signal to those obtained 
by B mode ultrasonography (US) and continuous blood pressure 
monitoring device.

Reflection type PPG sensors were adapted to arterial blood pulsation 
measurements and were placed on the skin over conduit arteries: on 
femoral a., popliteal a. and tibial posterior. To record the PPG signal, 
a custom 3-channel digital PPG device was used, as for reference 
methods, ultrasound imaging and a beat per beat pressure monitor 
were used for continuous measurement of the arterial diameter and the 
systemic blood pressure during the entire experiment.

Volunteers were subjected to a physiological provocation test - 10 
minute posterior tibial artery occlusion (alter AS changes). During 
recovery, it was possible to observe changes of the arterial system 
response. 

The obtained results convincingly show significant correlation between 
arterial photoplethysmography waveform parameter b/a and arterial 
stiffness value changes obtained by arterial photoplethysmography 
pulse transit time and pulsatory fluctuations of artery diameter. Hence 
arterial stiffness assessment by photoplethysmography waveform 
analysis seems to be promising, reliable and convenient method, which 
can be used in equipment for early diagnostics of vascular disease.
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8090-31, Poster Session

Instrumentation and method for measuring 
NIR light absorbed in tissue during MR 
imaging in medical NIRS measurements
T. S. Myllylä, H. Sorvoja, R. Myllylä, J. Nikkinen, O. Tervonen, V. 
Kiviniemi, Univ. of Oulu (Finland)

Our goal is to provide a cost-effective method for examining human 
tissue, particularly the brain, by the simultaneous use of magnetic 
resonance imaging (MRI) and near-infrared spectroscopy (NIRS). Due 
to its compatibility requirements, MRI poses a demanding challenge 
for NIRS measurements. This paper focuses particularly on presenting 
the instrumentation and a method for non-invasive measuring NIR light 
absorbed in human tissue during MR imaging. 

One practical method to avoid disturbances in MR imaging involves 
using long fibre bundles to enable conducting the measurements 
at some distance from the MRI scanner. This setup serves a dual 
purpose, however, since also the NIRS device will be less disturbed 
by the MRI scanner. However, measurements based on long fibre 
bundles suffer from light attenuation. Furthermore, because one of our 
primary goals was to make the measuring method as cost-effective 
as possible, we used high-power light emitting diodes instead of more 
expensive lasers. The use of LEDs, however, limits the maximum 
output power which can be extracted to illuminate the tissue. To meet 
these requirements, we improved methods to emit light sufficiently 
deep into the tissue. We also show how to measure the NIR light 
of very small power level that scatters from the tissue in the MRI 
environment, characterized by strong electromagnetic interference. 
In this paper presented instrumentation and measuring method have 
been implemented and we report on test measurements conducted 
during MRI scanning. These measurements were performed in an MRI 
scanning operating room housing a 1.5 Tesla-strength closed MRI 
scanner (manufactured by GE) in the Dept. of Diagnostic Radiology at 
the Oulu University Hospital.

8090-32, Poster Session

Ray tracing in a modified cladding fiber 
optic sensors
R. M. Chyad, Univ. Sains Malaysia (Malaysia)

Analysis of the light transmission of the optical fiber is function of 
the modified cladding refractive index, critical angle and the length 
uncladded fiber. By using 3-D geometrics optics investigate the 
effected of modified cladding on the transmission of light in uncladded 
region. The intensity of light signal transmitted through an optical fiber, 
whose cladding over a finite length is removed. This is element sensor 
using as sensors of refractive index of liquid and liquid level sensor.

8090-33, Poster Session

Optical monitoring of beer production in 
real-time
É. S. Estracanholli, C. Kurachi, I. Polikarpov, V. Salvador 
Bagnato, Univ. de São Paulo (Brazil)

Beer brewing is a relatively long and complex biotechnological 
process that can generate a big range of products with distinct quality 
and organoleptic characteristics indispensable to determine which 
type of product that aims to achieve. Failures in important steps 
as saccharification, boiling and fermentation process can lead to 
losses of millions of liters of beer and consequently financial losses. 
. These physical and chemical measurements will allow fewer errors 
during the beer fabrication increasing the quality of the final product. 
Currently, analyses of physical-chemical process are carried out offline 
using traditional tests with no immediate response, e.g. : HPLC (High 
Performance Liquid Chromatography). In this study we are interesting 
to propose a new method able to monitoring a process of beer 
production. Specifically, we want know in a short time of analyses, 
the amount of the maltose produced in the step of saccharification 
of the starch. For this, we propose the use of absorbance in infrared 

region (FTIR) and mathematical analyses as PCA (principal component 
analysis) and neural network.

8090-34, Poster Session

Operating point stabilization of fiber-based 
line detectors for photoacoustic imaging
K. Felbermayer, H. Grün, T. Berer, P. Burgholzer, RECENDT 
GmbH (Austria)

In the field of biomedical imaging photoacoustic tomography is an 
upcoming technique. A broad-band ultrasonic signal is generated 
by exciting a semitransparent sample with a short pulse of 
electromagnetic radiation, e.g. a laser pulse. We introduced integrating 
line-detectors by utilizing fiber-based interferometers, such as polymer 
fiber Mach-Zehnder and Fabry-Perot interferometers. Up to now 
stabilization of the interferometers operating point was realized by 
changing the wavelength of the detection laser. To reduce acquisition 
time a parallelization of our detectors is needed. For adequate 
measurements more than 200 detectors may be required. Of course a 
realization with a tunable laser for each detector is too cost intensive. 
To reduce setup cost we are examining alternative ways to stabilize 
at the operating point. One way is to change the optical paths length 
instead of the wavelength. This can be realized by stretching a fiber 
with a piezoelectric tube. First tests were done by examining changes 
in the fringe pattern of glass fiber Fabry-Perot and polymer fiber Mach-
Zehnder interferometers during stretching. Next, we showed that an 
ultrasonic signal can be detected with the polymer-fiber Mach-Zehnder 
interferometer stabilized by the described method. An ultrasonic 
emitter was coupled direct on the polymer fiber and the signal was 
detected. Subsequently, we designed a small water tank with a 
fixed polymer fiber detector. As sample, beet root juice was used. 
Measurement data were compared with former measurements. Finally, 
imaging of simple objects was performed.

8090-35, Poster Session

Annular piezoelectric ring array for 
photoacoustic imaging
K. Passler, R. Nuster, S. Gratt, Karl-Franzens-Univ. Graz 
(Austria); P. Burgholzer, RECENDT GmbH (Austria); G. Paltauf, 
Karl-Franzens-Univ. Graz (Austria)

A piezoelectric detection system consisting of concentric rings is 
investigated for large depth of field photoacoustic imaging. This 
device is intended to operate in scanning mode, where the detector 
is moved along the surface of a sample and the time resolved signals 
are converted into gray levels of an image. Focusing to a large depth 
range along the common axis of the rings is achieved by dynamic 
focusing. Image resolution studies are performed in simulations and 
in experiments. In simulations, a four and an eight ring array were 
compared regarding their axial and lateral resolution. The eight ring 
array showed better performance in terms of lateral resolution and 
reduction of artifacts. To demonstrate the multiple ring detection 
system in an experiment a 4 ring detection system was manufactured, 
consisting of a piezoelectric polymer film with concentric, ring 
shaped electrodes connected to preamplifiers. Signals of all rings 
were acquired simultaneously using a 4 channel digital oscilloscope. 
Images of a phantom consisting of crossed horse hairs were taken. 
The sample was illuminated via an optical fiber with 10 ns laser pulses 
guided by an optical fiber through the center of the ring array. Different 
projection images and a 3D image of the phantom are presented and 
clearly show the resolution of all details of the sample. Compared to a 
single ring, the use of the array with dynamic focusing leads to a clear 
reduction of imaging artifacts.
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8090-36, Poster Session

Time-shifting correction in optoacoustic 
tomographic imaging for media with non-
uniform speed of sound
X. L. Deán-Ben, V. Ntziachristos, D. Razansky, Helmholtz 
Zentrum München GmbH (Germany)

An analysis of the time-shifting correction in optoacoustic tomographic 
reconstructions for media with an a priori known speed of sound 
distribution is presented. Specifically, we introduce a modification of 
the filtered back-projection algorithm, in which the absorbed optical 
energy is obtained by projecting the value of a quantity depending 
on the measured signal at a given instant back to the points in which 
the wave may have been excited to reach the transducer at such 
instant. The reconstructed image is then rendered by adding up the 
contributions from all the transducer positions. In the case that small 
variations of the speed of sound distribution exist, the time of flight 
of a wave propagating between a given point and the transducer 
position can be approximated as the integral of the inverse of the 
speed of sound along a straight line between those points. Thereby, 
the curves along which the back-projection for a given instant is done 
are modified accordingly to correct for the effects of speed of sound 
variations. In this work, we analyse the modification of these curves 
for standard variations of the speed of sound in biological tissues, 
which relates to the distortion in the reconstructed images in the case 
that a uniform speed of sound is assumed. Experimental results with 
agar phantoms in which glycerine was added to modify the speed 
of sound are presented. The performance of the correction relates 
to optoacoustic imaging of biological tissues, in which the speed of 
sound variations are rarely higher than 10% with respect to the speed 
of sound in water.

8090-37, Poster Session

Correction for acoustic attenuation 
effects in optoacoustic tomographic 
reconstructions
X. L. Deán-Ben, D. Razansky, V. Ntziachristos, Helmholtz 
Zentrum München GmbH (Germany)

The feasibility of performing a correction for the effects of acoustic 
attenuation in optoacoustic tomographic reconstructions is shown in 
this work. Acoustic attenuation is a physical phenomenon that takes 
place inevitably in actual acoustic media and becomes significant 
at high ultrasonic frequencies. In biological tissues, experimental 
measurements show that acoustic attenuation is approximately linear 
with frequency in the range of frequencies corresponding to ultrasonic 
imaging. Such frequency dependence also leads to dispersion of the 
ultrasonic waves in order to guarantee causality. Thereby, acoustic 
attenuation causes both reduction of amplitude and broadening of the 
optoacoustic signals, which in turn cause, respectively, quantification 
errors and loss of resolution in the reconstructed images. Although 
the quantification accuracy and the resolution of the images are 
also conditioned by other factors such as optical attenuation or the 
frequency response of the transducer, acoustic attenuation may be the 
main cause of these artefacts for high ultrasonic frequencies. Then, 
it is important to modify the optoacoustic reconstruction algorithms 
in order to correct for the effects of acoustic attenuation. In this 
paper we perform the correction in the simple case that a phantom 
of attenuating tissue is placed in between the imaging sample and 
the acoustic transducer. The experimental results obtained evince the 
feasibility of the correction both for the quantification inaccuracies and 
the loss of resolution, so that the correction may also be applicable in 
a general case in which the acoustic attenuation of the imaging sample 
is taken into account.

8090-38, Poster Session

Polarization-dependent optical properties: 
contrast enhancement in imaging of hair 
birefringence
B. Varghese, R. Verhagen, A. Hussain, Q. Tai, N. Uzunbajakava, 
Philips Research Nederland B.V. (Netherlands)

Optical properties of human hair and its interaction with polarized 
light are topics of interest for medical and cosmetic applications, 
including light-based diagnosis and treatment and for modeling of light 
propagation in skin and hair. 

Using a polarization sensitive confocal microscope, we performed 
ex-vivo and in-vivo measurements on human scalp hairs and human 
skin and demonstrated dependence of a change in polarization of light 
that interacted with a birefringent hair on the orientation of the incident 
polarization. 

Furthermore, we refined our understanding of the polarization-
dependent optical properties of hair and demonstrated that the 
polarization-dependent contrast, when observed using polarization-
sensitive confocal microscopy, depends on the degree of pigmentation 
and on the focusing depth inside the hair. 

Finally, we present a method for enhancing the hair-skin contrast in 
images obtained using polarization sensitive confocal microscope.

8090-39, Poster Session

Monte Carlo simulation of light reflection 
from cosmetic powders on the skin
T. Okamoto, M. Motoda, Kyushu Institute of Technology 
(Japan); T. Igarashi, K. Nakao, KAO Corp. (Japan)

In this study we investigate the reflection and scattering properties of 
light incident on skin covered with cosmetic powders. A three-layer 
skin structure with spots has been modeled, and the propagation 
of light in the skin and the scattering of light by particles on the skin 
surface have been simulated by means of a Monte Carlo method.

We have examined the color difference between normal skin and spot 
skin when powder is applied on both regions. It is shown that the color 
difference between bare skin and spots diminishes more when powder 
particles with a size smaller than the wavelength of light are applied. 
The reflection spectra of light from skin with powder applied are found 
to change dramatically with the size of powder particles. As the particle 
size decreases, the reflected light intensity increases because the ratio 
of the backscattered intensity to the total intensity increases with a 
decrease in the particle size.

The effect of particle polydispersity has also been examined. We 
found that the extreme spectral change caused by scattering from 
monodisperse particles is substantially suppressed by applying 
polydisperse particles, and that the shape of the spectrum approaches 
that of the bare skin.

This model can calculate the spectral variation with the angle of 
incidence and the angle of observation, which is difficult to evaluate 
with a method based on Kubelka-Munk theory. It is also possible to 
deal with particles with shapes other than spherical if their scattering 
diagrams are known beforehand. The finite difference time domain 
(FDTD) method is utilized for this purpose. We will also incorporate 
the multiple light scattering from powder particles in the Monte Carlo 
calculations.

8090-40, Poster Session

Improving neuronavigation through 
workflow and sound feedback and 
interactive brainshift correction
H. J. Noordmans, P. Woerdeman, E. Voormolen, S. Van der 
Steen, M. van Stralen, Univ. Medical Ctr. Utrecht (Netherlands)

In neurosurgery, navigation is being used to improve surgical 
orientation by using pre-operative images as a roadmap. Skin or bone 
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fiducials couple the image coordinate system to that of the patient’s 
head fixed by the Mayfield clamp. Then the tip of a pointer of another 
instrument (localization device) can be seen in relation to the image 
to give the surgeon insight where he/she is in the brain and where the 
tumor or lesion can be expected in the depth. 

Drawbacks from current navigation systems are that 1) they only show 
the actual position of the localization device and thus do not hint 
whether the surgeon has removed the tumor completely, 2) don’t warn 
when the device is about to hit a critical brain structure, and 3) do not 
compensate for shifts of the brain during surgery invalidating the pre-
operative image data.

During the last 5 years we investigated in our hospital whether sound 
and workflow feedback could improve the surgical resection accuracy 
and looked how the pre-operative image data could be deformed in 
real-time using GPU hardware to match the tracked cortical surface to 
compensate for brain shifts.

In this presentation examples of these techniques will be given on 
functional, tumor and bone surgery showing that these relatively 
simple techniques may substantially improve the clinical outcome after 
neurosurgery.

8090-41, Poster Session

Synthesis and application of luminescent 
silica nanoparticles to the DNA microarray 
technology for improving the optical signal 
and the detection efficiency
F. Enrichi, R. Ricco, A. Meneghello, R. Pierobon, E. Cretaio, 
Associazione CIVEN (Italy)

The ability to modify the properties of materials by controlling their 
structure at nanoscale makes them extremely attractive for many 
applications: from fundamental scientific studies to commercially 
realizable technologies. In the biological context a variety of 
nanomaterials promise to offer sensitive, rapid and cost-effective 
solutions for modern clinical laboratory. In particular, dye-doped silica 
nanoparticles (NPs) have been demonstrated to be sensitive labeling 
markers for biosensing and bioimaging. Their flexible conjugation, 
excellent photostability, and ultrasensitivity make them a powerful 
tool in bioanalysis. Indeed luminescent dye-doped nanoparticles are 
excellent candidates for biological applications because (1) they can 
be analyzed with the standard existing tools (microarray scanners, 
optical fluorescence microscopes), which are fitted for fluorophore 
excitation and emission curves, (2) a large number of dye molecules 
can be incorporated in a single particle, increasing the optical signal 
and (3) the silica matrix provides a protective barrier minimizing 
photobleaching and photodegradation. 

A very efficient synthesis strategy for silica nanoparticles is the Stöber 
method, which has the advantage of being easily scaled up for 
commercial production and the possibility to effortlessly transfer the 
nanoparticles into aqueous solutions (typically required for bioanalysis 
applications). However, modifications on the synthesis process are 
required to obtain luminescent particles and proper investigation on 
the particles size control and on the dye-doping process are needed. 
In this work we describe a modifyed Stöber synthesis which is based 
on the use of 3-Aminopropyl-triethoxysilane (APTES) for the efficient 
incorporation of dye molecules into the silica NPs. The parameters 
of the modified synthesis were systematically investigated in order to 
optimize their morpho-optical properties and to maximize their optical 
efficiency.

Application of these luminescent silica nanoparticles to DNA 
microarray technology is also reported. DNA microarray is a powerful 
tool for the parallel, high-throughput detection and quantification 
of many nucleic acids and other biologically significant molecules. 
Application on the detection of carcinogenic risky Human Papilloma 
Virus using DNA microarray technology is shown, comparing our 
system to conventional dye labelling or commercial quantum 
dots, demonstrating a significant increase in optical signal, and a 
related decrease of the limit of detection, thus giving a remarkable 
improvement in this technique towards early diagnosis of diseases and 
trace level detection of dangerous biological contaminants.

8090-42, Poster Session

Measurement of the acoustic scatterers 
distribution within the imaged sample in an 
optoacoustic tomographic setup
X. L. Deán-Ben, D. Razansky, V. Ntziachristos, Helmholtz 
Zentrum München GmbH (Germany)

We present a method to determine the position of the scatterers 
within the imaged sample in a tomographic optoacoustic setup 
and, subsequently, to reduce the artefacts in the tomographic 
reconstructions due to reflection or scattering events. The procedure to 
determine the positions of the scatterers consists in positioning a point 
light absorber in between the transducer and the imaged sample, in a 
way that the ultrasonic waves generated at such absorber and back-
scattered at the sample are measured with the transducer. The location 
of the scatterers is then estimated from the instants at which the 
back-scattered waves are measured. In order to avoid the interference 
of these waves with the waves generated at the sample, the point light 
absorber is conveniently positioned a distance away from the sample. 
The obtained information regarding the position of the scatterers is 
then used to minimize the effects of acoustic reflections or scattering in 
the tomographic reconstructions. For this, the reconstruction algorithm 
is modified by weighting the contribution of the signal measured at 
a given transducer and at a given instant with the probability that a 
reflected or scattered wave is not measured. The performance of the 
method is tested experimentally with tissue-mimicking agar phantoms, 
in which air-gaps are included to cause reflections of the ultrasonic 
waves. The boundary of the air gaps is correctly estimated from the 
measured back-scattered waves, and the tomographic reconstructions 
show a reduction of artefacts with respect to the case in which a priori 
information does not exist.

8090-43, Poster Session

Spatially-resolved measurement of Stokes 
parameters of partially polarized laser 
beams
B. Varghese, A. Hussain, S. Ding, Q. Tai, R. Verhagen, N. 
Uzunbajakava, Philips Research Nederland B.V. (Netherlands)

There is continuously increasing interest in spatially-resolved 
measurement of polarization states of complex light beams for a range 
of applications such as bioimaging and imaging polarimetry. 

Here we report on development and implementation of a simple 
and accurate polarimeter for measuring space variant polarization 
of an incident light beam. Using the constructed polarimeter we 
experimentally determined the Stokes parameters for five known 
homogeneously distributed states of polarization with accuracy 
higher than 98% at each transverse point in the observation plane. 
Furthermore, we used a spatially variable retardation plate composed 
of eight sectors of λ/2 wave plates to create space-variant polarization 
and measured a nearly-radial polarization distribution in the near-field. 
Finally, we propose a configuration of a polarimeter that can perform 
real-time measurement of space variant polarizations, limited only by 
the frame rate of the CCD camera.

8090-44, Poster Session

Laser speckle contrast versus 
depolarization: a solid skin phantom study
L. Tchvialeva, The BC Cancer Agency Research Ctr. (Canada); 
G. Dhadwal, D. Diao, H. Lui, D. I. McLean, The Univ. of 
British Columbia (Canada); T. K. Lee, The BC Cancer Agency 
Research Ctr. (Canada)

Laser light being propagated in semi-transparent turbid media like 
biological tissue has its coherence and polarization changed. Speckle 
contrast can be considered as a metric of light coherence. Recently 
we demonstrated that polychromatic speckle contrast and degree of 
polarization are useful criteria for skin lesion differentiation. To gain a 
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better understanding of physics of this complex processes we now 
measure the speckle contrast and degree of polarization of solid skin 
phantoms with controllable roughness and bulk optical parameters of 
the order of human skin. The data validate that bulk scattering along 
with roughness introduce speckle contrast and DOLP reduction. Also 
we obtain that speckle contrast is more sensitive to the phantom 
roughness compare to the degree of polarization, which is more 
sensitive to the bulk scattering coefficient. The speckle contrast vs. 
degree of linear polarization dependence reveals a behavior close 
to linear with slope varied with scattering coefficient variation. We 
obtained slopes using orthogonal regression with 95% confidence 
intervals of 3.78 ±0.68 for a phantom with µs=18.1 cm-1 and 1.70±0.14 
for a phantom with µs=24.3 cm-1. The significant difference between 
curves for two phantoms with slightly dissimilar optical properties 
could be evidence that a pair of measurements (speckle contrast vs. 
degree of linear polarization) has high sensitivity to the tissue type.

8090-45, Session JS2

Nonlinear microscopy of tissues and 
embryo morphogenesis
E. Beaurepaire, Ecole Polytechnique (France)

Nonlinear microscopy is attractive for live tissue imaging. Second- and 
third-harmonic generation (SHG, THG) signals can provide structural 
information from unstained tissues, in conjunction with fluorescence. 
We will discuss recent applications to zebrafish embryogenesis and 
human cornea imaging, and ongoing developments such as pulse 
shaping and wavefront control.

8090-46, Session JS2

Silk - new opportunities in optics and 
photonics for an ancient material
F. G. Omenetto, Tufts Univ. (United States)

Famous for its use in clothing since early times, silk is now finding new 
applications as a useful biocompatible material platform with utility in 
photonics and electronics. The talk will illustrate how purified silkworm 
silk can be reassembled in high quality, micro- and nanostructured 
optical and optoelectronic elements composed of the organic, 
biocompatible and implantable protein matrix.

8090-47, Session JS2

Development of transient absorption 
ultrasonic microscopy
B. E. Applegate, R. L. Shelton, Texas A&M Univ. (United States)

We have developed a novel, hybrid imaging modality, Transient 
Absorption Ultrasonic Microscopy (TAUM), which takes advantage of 
the optical nonlinearities afforded by transient absorption to achieve 
ultrahigh-resolution photoacoustic microscopy. The theoretical point 
spread function for TAUM is functionally equivalent to confocal and 
two-photon fluorescence microscopy, potentially enabling cellular/
subcellular photoacoustic imaging. A prototype TAUM system was 
designed, built, and used to image a cross-section through several 
capillaries in the excised cheek pouch of a Syrian Hamster. The 
prototype system utilized a pulsed 10 kHz DPSS laser operating at 
532 nm with a 1.3 ns pulse length focused to a diffraction limited spot 
(0.344 µm, calculated) with a 0.8 NA water immersion objective. A 25 
MHz water immersion ultrasonic transducer served as the detector 
with a nominal axial resolution of 150 µm, however the axial resolution 
in TAUM is optically limited by the overlap of the pump and probe 
beams which provided a diffraction limited (calculated) axial resolution 
of 1.8 µm. The well-resolved capillaries in the TAUM image provided 
experimental evidence of the optical sectioning and spatial resolution, 
with smallest axial features of ~6 µm. These results suggest that TAUM 
has excellent potential for producing volumetric images with cellular/
subcellular resolution in three dimensions deep inside living tissue.
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Techniques V

8091-500, Session JS1

Label-free live brain imaging with third-
harmonic generation microscopy
S. M. Witte, Vrije Univ. Amsterdam (Netherlands)

No abstract available

8091-501, Session JS1

Optical coherence tomography imaging: 
technology and applications
J. G. Fujimoto, Massachusetts Institute of Technology (United 
States)

Optical coherence tomography (OCT) is a new imaging modality which 
generates cross-sectional and 3D images of tissue pathology. OCT 
utilizes advanced photonics technologies and has clinical applications 
ranging from ophthalmology to cardiology. This tutorial describes OCT 
technology and applications.

8091-01, Session 1

High-speed functional OCT with self-
reconstructive Bessel illumination at 
1300nm
C. Blatter, B. Grajciar, Medizinische Univ. Wien (Austria); R. 
Huber, Ludwig-Maximilians-Univ. München (Germany); R. 
Leitgeb, Medizinische Univ. Wien (Austria)

We present a Bessel beam illumination FDOCT setup with FDML 
buffered swept source at 1300nm. An extended focus is achieved 
due to the Bessel beam that preserves its lateral extend over a large 
depth range. Decoupling the illumination from the Gaussian detection 
increases the global sensitivity and enables Dark Field imaging. Dark 
Field imaging is useful to avoid strong reflexes from the sample´s 
surface that adversely affect the sensitivity due to the limited dynamic 
range of high speed 8Bit acquisition cards. Furthermore, Bessel beams 
exhibit a self-reconstruction property that allows imaging even behind 
obstacles such as hairs on skin. 

Densely sampled volumes of skin in-vivo with high lateral resolution 
are acquired at up to 220kHz A-Scan rate. In addition the possibility of 
contrasting capillaries with high sensitivity is shown, using inter-B-scan 
speckle variance analysis. High speed imaging is of crucial importance 
for imaging small details since sample motion artifacts are reduced and 
high sampling can be maintained while increasing the frame rate.

8091-02, Session 1

Ex vivo tumour study using multispectral 
OCT
A. Alex, Medizinische Univ. Wien (Austria); C. Kendall, Cranfield 
Univ. (United Kingdom); B. Bonwick, Gloucestershire Royal 
Hospital (United Kingdom); B. Pova?ay, B. Hofer, Medizinische 
Univ. Wien (Austria); N. Stone, Cranfield Univ. (United 
Kingdom); W. Drexler, Medizinische Univ. Wien (Austria)

Optical coherence tomography (OCT) is a non-invasive, real-time 
biomedical imaging modality capable of providing three dimensional 
micro-structural information of biological tissues both in vitro and in 
vivo. In most of the biological tissues, OCT is mainly limited by its 

penetration depth of 1-2 mm due to strong scattering and absorption 
of light. However, this penetration depth is comparable to the depth 
at which many biopsies are performed. In the majority of carcinomas, 
diagnostically important morphological changes associated with pre-
malignant transformation occur within this region. In this study, ex vivo 
imaging of different stages of esophageal and colon tumor samples 
using OCT has been demonstrated at 800 nm, 1060 nm and 1300 nm 
to investigate the optimum wavelength region for tumor imaging. These 
OCT systems were capable of acquiring images with ~4 µm, ~7 µm 
and ~8 µm axial resolutions and less than 15 µm transverse resolutions 
respectively at imaging speeds of 20 klines/s (800 nm system) and 
47 klines/s (1060 nm and 1300 nm systems). After acquiring OCT 
images at three wavelengths, histology of these samples were 
obtained in order to confirm the grade of the tumor samples and to 
compare corresponding micro-morphological features visible in OCT 
images. OCT images of tumor samples obtained using these three 
systems were also compared with respect to each other in terms of 
contrast, resolution and penetration depth. 800 nm images provided 
better contrast over other two wavelength regions. However, depth of 
penetration was higher at 1300 nm.

8091-03, Session 1

Path-length-resolved forced-diffusive 
particle dynamics in Fourier-domain optical 
coherence tomography
J. Kalkman, Academisch Medisch Ctr. (Netherlands); R. Sprik, 
Univ. van Amsterdam (Netherlands); Y. Mudde, T. G. van 
Leeuwen, Academisch Medisch Ctr. (Netherlands)

We describe a new method to measure the decorrelation rate of the 
optical coherence tomography (OCT) magnitude simultaneously 
in space and time. We measure the decorrelation rate of the OCT 
magnitude in a Fourier-domain OCT system for a large range of 
translational diffusion coefficients by varying the sphere diameter. The 
described method uses the sensitivity advantage of Fourier-domain 
OCT over time-domain OCT to increase the particle diffusion imaging 
speed by a factor of 200. We demonstrate that this technique is well 
suited to image diffusive particle dynamics in samples with a complex 
geometry as we measure the morphology and diffusive particle 
dynamics simultaneously with both high spatial and high temporal 
resolution. The method is extended for forced-diffusive dynamics for 
measurement with a long coherence length light source. A model is 
developed to predict the power spectra for a forced-diffusive system 
and good agreement with the measurements is observed.

8091-55, Poster Session

Towards multi-megahertz retinal OCT: 
wavelength swept 1050nm FDML laser at up 
to 3 .1MHz repetition rate
T. Klein, W. Wieser, C. M. Eigenwillig, B. R. Biedermann, R. A. 
Huber, Ludwig-Maximilians-Univ. München (Germany)

We present a novel multi-megahertz Fourier-domain mode locked 
(FDML) laser operating around 1050nm. A bulk Fabry-Perot tunable 
filter (BFP-TF) was employed with a 4x and an 8x buffer stage, 
resulting in record sweep rates of 1.57MHz and 3.14MHz, respectively. 
The two configurations were characterized to prove suitability for 
optical 

coherence tomography (OCT). A total sweep range of up to 72nm was 
observed with output power of up to 10mW. Sensitivity roll-off values 
of around 0.1mm/dB are achieved. We believe that this system will 
pave the way to single spot multi-megahertz axial scan rates in retinal 
OCT.
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8091-56, Poster Session

Axial resolution improvement by spectral 
data fusion in simultaneous dual-band 
optical coherence tomography
P. Cimalla, M. Gaertner, J. Walther, E. Koch, 
Universitätsklinikum Carl Gustav Carus Dresden (Germany)

A method for axial resolution improvement by adequate spectral data 
fusion of two parallel acquired disjunct wavelength bands in the 0.8 
µm and 1.3 µm region in the field of simultaneous dual-band optical 
coherence tomography (OCT) is presented. The applied spectral 
domain dual-band OCT system is illuminated by a supercontinuum 
laser light source and allows simultaneous imaging at 800 nm and 
1250 nm with free-space axial resolutions better than 4.5 µm and 7 
µm, respectively, over the entire depth scan range. Each wavelength 
band is analyzed with an individual spectrometer at an A-scan rate 
of 12 kHz. To further improve axial resolution, the 1250 nm spectra 
are fused with the 800 nm spectra considering the spectrometer-
inherent non-linear fringe frequency course of the interference light. 
The phase and amplitude of the 1250 nm spectra are matched 
to the 800 nm spectra by means of short time Fourier transform 
analysis in order to obtain ideally continuous joint spectra. The joint 
spectra then undergo conventional spectral shaping, wave number 
resampling, windowing and fast Fourier transformation. First results 
for single A-scans of a glass slide as well as entire cross-sectional 
images of biological tissue yield an axial resolution improvement 
of 40 % compared to conventional single band imaging at 800 nm. 
The obtained A-scans show a good sharpness with a side lobe 
suppression of 26 dB. Additional investigations have to be employed 
for the full understanding of the underlying physical background and 
the optimization of the applied data processing for further image 
quality enhancement.

8091-57, Poster Session

Functional OCT imaging of inherited retinal 
disease
T. Theelen, C. B. Hoyng, B. J. Klevering, Radboud Univ. 
Nijmegen (Netherlands); B. Cense, Utsunomiya Univ. (Japan)

Retinal dystrophies (RD) are blinding diseases affecting visual 
acuity mostly at young age. Intrinsic optical signals (IOS) on optical 
coherence tomography (OCT) may give topographical information 
on injure of retinal function in these patients. We demonstrate 
light response of healthy and diseased human retinas by IOS on a 
commercially available spectral-domain OCT. Measurements were 
performed in the light-adapted and the dark-adapted state. Significant 
IOS could be measured in healthy retinas and in unchanged retinal 
sectors of RD patients. Main responses were located in the outer 
retina (photoreceptors). In general, mesoptic IOS were stronger than 
photoptic IOS. In affected areas of RD eyes IOS were significantly 
reduced or even absent. Functional OCT imaging was able to give 
information about retinal function in RD patients on a micrometer scale. 
These results could be of value for refined disease analysis and control 
of upcoming gene therapy studies.

BACKGROUND: Retinal dystrophies (RD) are a group of blinding 
inherited diseases of the outer retina and the underlying retinal 
pigment epithelium (RPE), which often lead to blindness at young 
age. Most retinal dystrophies are characterized by progressive 
degeneration and collapse of the outer retina. High-resolution spectral-
domain optical coherence tomography (SD-OCT) has evolved as a 
highly useful clinical tool for retinal disease. Affections of SD-OCT 
by retinal changes have been interpreted by using a multimodal 
approach, i.e. combining SD-OCT with other imaging modalities 
and with electrophysiological testing. However, retinal damage may 
significantly alter layer reflectivity and make anatomical SD-OCT image 
interpretation exceedingly difficult. In addition, the spatial resolution of 
electrophysiological testing is relatively low and direct information on 
the topographical functionality is limited. Intrinsic optical signals (IOS) 
have been observed in the retinal photoreceptors.1;2 Because fast IOS 
signals have kinetics comparable to electrophysiological responses 
functional SD-OCT imaging appears a useful tool to test outer retinal 
integrity in RD patients.

METHODS: System description: A commercially available SD-OCT 
multimodal imaging system for clinical use (SPECTRALIS, Heidelberg 
Engineering, Heidelberg, Germany) was used. The imaging speed 
was 40,000 axial scans per second with a wavelength of 870 nm 
and a resolution of 3.9 µm in tissue. The SD-OCT was coupled to an 
optical retina stimulator. The optical retina stimulator was coupled to 
the ophthalmic lens holder of the SPECTRALIS device. A cold mirror 
(Thorlabs) was used to reflect the white spectrum of a Luxeon TFFC K2 
Star LED (“Neutral White 90”) into the eye. As this mirror is transparent 
for the NIR light of the OCT system, both stimulation and imaging 
could be performed simultaneously.

The SD-OCT system can show variations of sensitivity due to eye 
movements and changes of the axial position, which can cause noise 
and artificial reflectance changes and may mask small IOS responses. 
It can be assumed that 1 mm change causes 10 db sensitivity 
variation in air. As we used a commercial device we have not changed 
spectrometer settings. Instead, images with movements of more than 
0,5 mm from baseline were excluded.

Study protocol and data analysis: One eye of three normal subjects 
and one eye of three patients with retinal dystrophies were imaged. 
Subjects had stable fixation and their head was stabilized using the 
chin and forehead rest of the SD-OCT device. The retina was dark-
adapted for 20 minutes prior to the measurements and pupils were 
dilated using one drop of tropicamide 0,5% eye drops. Horizontal 
OCT line scans were performed with a length of 15° across the central 
retina in video mode. In a first experiment, the dark-adapted retina 
was scanned for 3 seconds to record pre-stimulus baseline images. 
Then, a single flash stimulus (Δt = 200 ms, P = 5 mW, emitted over a 
15 degree angle, bleaching approximately 95% of cones and 40% of 
rods) was used to stimulate the retina. The image recording was then 
continued for another 5 seconds. For the second experiment, the eyes 
of the subjects were light adapted and the measurement protocol was 
repeated. As a result, a mesoptic and a photopic video sequence were 
available for analysis. All measurements were repeated two times to 
allow for averaging and increase of signal-to-noise ratio.

Video sequences were checked for movement variations and frames 
of more than 0.5 mm variation from baseline were deleted and image 
frames were aligned. Pre-stimulation images were then averaged pixel 
wise. The resulting image was taken as background light intensity (I) 
and subtracted from each post-stimulation frame pixel by pixel, to get 
the optical response (ΔI) of each pixel. In addition, the background 
image was subtracted from each pre-stimulus image to record noise. 
The standard deviation of the noise images was used to threshold for 
significant IOS responses in the post-stimulus images.

RESULTS: We observed significant IOS at the level of retinal 
photoreceptors and retinal nerve fiber layer of healthy retinas. 
Responses of other parts of the retina were very weak and could 
not be distinguished from background noise. Regions of damaged 
photoreceptors were characterized by significantly reduced or absent 
IOS. Figure 1 shows an example of a patient with retinal dystrophy and 
photoreceptor alteration in the macula.

CONCLUSIONS: Functional imaging of the living human retina by a 
commercially available SD-OCT device is feasible. In patients with 
RD, areas of damaged retina could be divided from healthy retina. 
Measurement of IOS in RD can be extremely useful for patient 
selection and therapy control in upcoming gene-therapy studies.
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8091-58, Poster Session

Investigation of alveolar tissue deformations 
using OCT combined with fluorescence 
microscopy
M. Gärtner, P. Cimalla, L. Knels, S. Meissner, C. Schnabel, 
Universitätsklinikum Carl Gustav Carus Dresden (Germany); W. 
Kuebler, Charité Universitätsmedizin Berlin (Germany); E. Koch, 
Universitätsklinikum Carl Gustav Carus Dresden (Germany)
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In critical care medicine, artificial ventilation is a life saving tool 
providing sufficient blood oxygenation to patients suffering from 
respiratory failure. Essential for their survival is the use of protective 
ventilation strategies to prevent further lung damage due to ventilator 
induced lung injury (VILI). Since there is only little known about 
implications of lung tissue overdistension on the alveolar level, 
especially in the case of diseased lungs, this research deals with the 
investigation of lung tissue deformation on a microscale. 

A combined setup utilizing optical coherence tomography (OCT) and 
confocal fluorescence microscopy, is used to study the elastic behavior 
of the alveolar tissue. Three-dimensional geometrical information with 
voxel sizes of 6 µm x 6 µm x 8 µm (in air) is provided by OCT, structural 
information about localization of elastin fibers is elucidated via confocal 
fluorescence microscopy with a lateral resolution of around 1 µm. 
Imaging depths of 90 µm for OCT and 20 µm for confocal fluorescence 
microscopy were obtained.

Dynamic studies of subpleural tissue were carried out on the basis 
of an in vivo mouse model post mortem, mimicking the physiological 
environment of an intact thorax and facilitating a window for the 
application of optical methods. Morphological changes were recorded 
by applying constant positive airway pressures of different values. 
With this, alveolar volume changes could clearly be recognized and 
quantified to form a compliance value of 54 pl/kPa. The distribution 
of elastin fibers was detected and will be subject to further elasticity 
analysis.

8091-59, Poster Session

Structural analysis of artificial skin 
equivalents
R. Schmitt, RWTH Aachen (Germany) and Fraunhofer-
Institut für Produktionstechnologie (Germany); U. Marx, 
Fraunhofer-Institut für Produktionstechnologie (Germany); H. 
Walles, L. Schober, Fraunhofer-Institut für Grenzflächen- und 
Bioverfahrenstechnik (Germany)

Artificial skin equivalents ASEs based on primary fibroblasts and 
keratinocytes show a high batch variance in their structural and 
morphological characteristics. Due to biological fluctuations and 
variable donor age, the growth processes of 3D tissue structure 
show a non constant quality. Since theses ASEs are used as testing 
system for chemicals, pharmaceuticals or cosmetics it is of major 
interest to know detailed and significant characteristics about each 
individual ASE. Until now, the microscopic analysis process is 
based on the destructive preparation of histologies allowing only 
the characterization on a random basis. In this study we present 
analytical methods to characterise each individual ASE by Optical 
Coherence Tomography OCT in combination with image processing 
tools. Therefore, we developed a fully automated OCT device, that 
performs automatic measurements of microtiter plates MTPs holing 
the ASEs. We developed image processing algorithms to characterize 
the surface structure which may function as an indicator for defects in 
the epidermal stratum corneum. Further, we analysed the tomographic 
morphological structure of the ASEs. The results show, that variances 
in the growth state as well different collagen formation is detectable. 
In combination with dynamic threshold levels, we found, that OCT is 
a well suited technology for automatically characterizing artificial skin 
equivalents and may substitute the preparation of histologies.

8091-60, Poster Session

Multilayer tissue phantoms with embedded 
capillary system for OCT and DOCT imaging
A. V. Bykov, A. P. Popov, Univ. of Oulu (Finland); A. V. Priezzhev, 
Lomonosov Moscow State Univ. (Russian Federation); R. 
Myllyla, Univ. of Oulu (Finland)

In the present paper we report about manufacturing of fully functional 
capillary network embedded into the multilayer tissue phantom. 
Additionally, a possibility to model a vascular pathology such as 
stenosis or aneurysm is considered.

As a host transparent medium we used polyvinyl chloride-plastisol 

(PVCP). Scattering was introduced by adding the titanium dioxide 
(TiO2) submicron particles (rutile, 650-nm size).

Phantom layers of different thickness (0.3, 0.5, 1 and 5 mm) were 
manufactured by heating mixture of PVCP with certain amount of TiO2 
particles up to 200 °C in metal cavity. Multilayer phantom was built as 
a composition of single layers in different combinations. A vessel tree 
structure consisting of capillaries of different diameter (0.8, 0.4 and 0.2 
mm) was fabricated in the phantom layer with the thickness of 5 mm at 
the depth of ~1 mm.

Optical coherence tomography (OCT) and Doppler OCT (DOCT) 
techniques were used to characterize the manufactured phantoms 
and to monitor the flow through the vessels. It was found that the 
embedding depth of thin vessels (Ø 0.2 mm) is in the range of 1.4 
- 2 mm (optical depth), for the middle size vessels (Ø 0.4 mm) the 
embedding depth is in the range of 0.9 - 1.6 mm, for thick vessels (Ø 
0.8 mm) it is 1.3 - 1.6 mm. The refractive index of the phantom layers 
is 1.44 (at 910 nm) that is close to the refractive index of human skin. 
Scattering properties of the phantom layers were estimated from 
the slope of the OCT signals. The measured scattering coefficients 
were in the range of 2.5-7 mm-1. Anisotropy factor was estimated by 
numerical calculations using Mie theory.

8091-61, Poster Session

Evaluation of a swept-laser OCT light 
source based on a novel quantum-dot 
based SOA
N. Krstajic, D. Kasaragod, S. J. Matcher, D. T. D. Childs, The 
Univ. of Sheffield (United Kingdom); I. L. Krestnikov, Innolume 
GmbH (Germany); R. A. Hogg, The Univ. of Sheffield (United 
Kingdom)

Recent advances in high-speed OCT are primarily centered on the 
availability of rapidly tunable swept laser light sources. III-V quantum 
dot materials are an excellent choice as the gain medium of such 
lasers because the emission wavelength is typically 1200-1300 nm and 
the broad size distribution of dots naturally leads to a broad emission 
bandwidth. 

We describe a simple swept-laser design that characterises the 
emission bandwidth, linewidth, spectral shape and output noise. A 
short cavity Littmann configuration is used in which the SOA lasing 
wavelength is tuned by a slow-scan galavometer running at 100 Hz 
together with a 830 grooves per mm diffraction grating. A 3dB coupler 
extracts light from the cavity formed by the grating and end-mirror and 
the optical output uses to illuminate a balanced SS-OCT interferometer 
incorporating a circulator, 3dB coupler, dispersion compensator and 
balanced detector.

The SOA (SOA-1200-70-PM-20sB, Innolume GmbH) uses a novel III-V 
semiconductor quantum-dot gain medium. ASE is emitted between 
1150 nm and 1300 nm at a drive current of 700 mA. When used in the 
Littmann cavity laser a coherence length of about 10 mm is produced, 
which is tunable over 60 nm. The peak output power is 12 mW and 
the sweep rate used was 100 Hz (set by the low-speed galvanometer 
mirror used in the tuning filter). 

The swept-laser has been incorporated into a fiber-based SS-OCT 
system and used to image biological tissues. Axial resolution in air is 
12 microns. Images of human palmar skin in-vivo are demonstrated, 
showing good resolution and contrast, with the stratum corneum, 
epidermis, rete ridges and epidermal-dermal junction visualized.

8091-62, Poster Session

Imagistic evaluation of direct dental 
restoration: en face OCT versus SEM and 
microCT
M. Negrutiu, C. Sinescu, F. I. Topala, Univ. de Medicina si 
Farmacie Victor Babes, Timisoara (Romania); C. Ionita, Toshiba 
Stroke Research Ctr. (United States); C. Marcauteanu, E. 
L. Petrescu, Univ. de Medicina si Farmacie Victor Babes, 
Timisoara (Romania); A. G. Podoleanu, Univ. of Kent (United 
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Kingdom)

There are several methods known which are used to assess the 
quality of direct dental restorations, but most of them are invasive. 
These lead to the destruction of the probes and often no conclusion 
could be drawn in respect to the existence of any microleakage in the 
investigated areas of interest. 

Optical tomographic techniques are of particular importance in the 
medical imaging field, because these techniques can provide non-
invasive diagnostic images. Using an en-face version of OCT, we have 
recently demonstrated real time thorough evaluation of quality of dental 
fillings. 

The purpose of this in vitro study was to validate the en face OCT 
imagistic evaluation of direct dental restoration by using scanning 
electron microscopy (SEM) and microcomputer tomography (µCT). 
Teeth after several treatment methods are imaged in order to detect 
material defects and to asses the marginal adaptation at the dental 
hard tissue walls.

SEM investigations evidenced the nonlinear aspect of the interface 
between the filling material and the ` buccal and lingual walls in some 
samples.

The results obtained by µCT revealed also some material defects 
inside the fillings and at the interfaces with the root-canal walls. 

The advantages of the OCT method consist in non-invasiveness and 
high resolution. En face OCT investigations permit to visualize a more 
complex stratificated structure at the interface filling material/dental 
hard tissue and in the apical region.

8091-63, Poster Session

Effect of timolol maleate on the choroidal 
blood flow in the foveal region
N. Palanisamy, L. L. Rovati, Univ. degli Studi di Modena e 
Reggio Emilia (Italy); C. E. Riva, Univ. degli Studi di Bologna 
(Italy)

Laser Doppler flowmetry (LDF) is a technique used to measure relative 
average velocity, number and flux (number times velocity) of red blood 
cells in vessels or capillaries. In this study, the effect of topical timolol 
on the choroidal circulation was investigated in 12 normal subjects. 
Maximum velocity of red blood cells (RBC) and volumetric blood flow 
rate are determined in each eye just before instillation of drops and 
then every 30 min upto 2 hours. In comparison to the baseline value, 
there was a significantly average increase in the maximum velocity 
of red blood cells and volumetric blood flow for timolol-treated eyes 
than in the placebo-treated eyes. However, average IOP decreased 
significantly in the timolol-treated eyes compared to that of placebo-
treated eyes. Significant change in heart rate was observed after 
treatment. The small increase in blood flow and velocity observed in 
the timolol-treated eyes may be related to the increase in perfusion 
pressure produced by this drug.

8091-64, Poster Session

Optical coherence tomography study of 
mechanical deformation of skin
P. D. Agrba, V. A. Kamensky, M. Y. Kirillin, Institute of 
Applied Physics (Russian Federation); E. A. Bakshaeva, 
N.I. Lobachevsky State Univ. of Nizhni Novgorod (Russian 
Federation)

The development of protocols for OCT-diagnostics of soft tissues with 
contact en-face OCT-probes is important for increase of diagnostic 
quality. Usually diagnostics performance using such OCT-probe 
requires its direct contact with the object under study. This can lead 
to changes in OCT-images induced by local changes in structure of 
the studied object caused by mechanical deformation. Early study 
of the effect of mechanical compression on optical properties of soft 
biotissues has shown that compression increases diffuse transmittance 
of the inspected samples.

We report our results on study of mechanical compression and 
transversal deformation of human thin skin using optical coherence 

tomography. The work is performed in vivo on three groups of 
volunteers of different age with an OCT system equipped with a 
contact en-face probe. We have shown that mechanical deformation 
and concomitant physiological changes can be monitored by optical 
coherence tomography. In case of mechanical compression we 
observed increase of OCT-signal level in dermis and visualization 
depth and decrease of OCT-signal from junction probe/biotissue. In 
case of transversal deformation the OCT-signal from dermis layer and 
visualization depth decrease in the course of stretching of biotissue, 
while the junction contrast increases. It is shown, that stretching and 
compression of human thin skin are two different factors which affect 
the epidermis-dermis junction contrast.

8091-65, Poster Session

Spectroscopic optical coherence 
tomography for substance identification
V. Jaedicke, Ruhr-Univ. Bochum (Germany); H. Wiethoff, 
Technische Fachhochschule Georg Agricola zu Bochum 
(Germany); C. Kasseck, GSKH Essen (Germany); N. C. 
Gerhardt, Ruhr-Univ. Bochum (Germany); H. Welp, Technische 
Fachhochschule Georg Agricola zu Bochum (Germany); M. R. 
Hofmann, Ruhr-Univ. Bochum (Germany)

Spectroscopic Optical Coherence Tomography (S-OCT) yields 
additional valuable information in comparison to the pure 
backscattering analysis in standard OCT. Calculating this information 
with high accuracy is still challenging, because speckle like patterns 
and the systems spectral transfer function are error sources, which 
are difficult to control. The spectral data can be analyzed in two 
ways: Globally by calculating the optical extinction taking place 
on scales which are significant larger than the coherence length, 
or locally by investigating the wavelength dependent scattering of 
discrete scatterers taking place on a scales usually less than the 
coherence length of the light source. The second approach can 
give access to the size of the scatterers, while the first approach 
allows substance identification based on spectral features. While 
hardware based approaches like dual band systems suffer from 
the poor spectral resolution, one can obtain better results by Time-
Frequency distribution based methods. We applied a Short Time 
Fourier-Transform in the spatial regime to calculate the spectral data. 
Spectroscopic transfer functions are calculated in an iterative manner 
by dividing the spectra by each other. 

In our proof of principle we demonstrated the reconstruction of depth 
resolved spectroscopic transfer functions of layered non-scattering 
samples using the first global approach. By means of a spectral 
calibration technique with identical structured reference samples we 
retrieved the spectral absorption with high accuracy. Since spectral 
calibration is not convenient and in many cases not even possible we 
also demonstrated high performance substance identification based on 
spectral features using pattern recognition. Additionally we simulated a 
simplified OCT setup in order to analyze the spectral transfer function 
of the system depending on the depth in the sample. This analysis 
is an important step towards a redesigned system that is optimized 
for depth resolved spectroscopic measurement with high accuracy in 
biological tissue.

8091-66, Poster Session

Measuring the thickness of the peritoneal 
membrane in mice using optical coherence 
tomography
R. O. Al-Wafi, M. R. Dickinson, The Univ. of Manchester 
(United Kingdom); P. Brenchley, Manchester Royal Infirmary 
(United Kingdom); L. Walkin, The Univ. of Manchester (United 
Kingdom)

In recent years, the detection and diagnosis techniques of diseases 
have improved. One such technique is optical coherence tomography 
(OCT), which is used in many medical applications to perform internal 
microstructural imaging of the human body at high resolution. OCT is 
non-invasive and can be used as a contact or non-contact technique 
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to obtain an image. In medicine, there are many applications that 
involve OCT, such as in ophthalmology and oncology. This work 
demonstrates the use of an OCT system incorporating a swept laser 
with a high sweep rate of 16 kHz over a wide range of wavelengths 
(1260nm to 1390nm) to measure the thickness of the peritoneal 
membrane in mice of different sizes and weights.As part of this 
preliminary study, healthy mice of different weights were euthanized 
and the thickness of the peritoneal membrane was measured using 
OCT. The aim was to gather data on the expected range of thicknesses 
present in healthy animals for future studies.

8091-67, Poster Session

Blind deconvolution algorithm for 
restoration OCT images with diffraction 
limited resolution
A. A. Moiseev, G. V. Gelikonov, P. A. Shilyagin, V. M. Gelikonov, 
Institute of Applied Physics (Russian Federation)

In recent years several works about recovering diffraction limited 
resolution of OCT images, obtained by scanning the investigated 
volume with sharp focused beam, are appear. In these works 
mathematical models of OCT signals had been developed, and the 
recovering due to this models had been presented. As noticed all 
the authors of these works, they faced the problem of the unknown 
refractive index of the investigated volume, because the recovering 
procedures depend on this parameter. To overcome this problem, in 
present work we solve the OCT image recovering problem as a blind 
deconvolution problem. We solve this problem under assumption, that 
blur of out-of-focus OCT layers caused mostly by phase distortion. 
We show that such approach is suitable for recovering OCT images. 
Both numerical simulations and experiments were performed to 
demonstrate its validity. Blind deconvolution algorithm, shows good 
performance in this application, had also been developed.

8091-68, Poster Session

Early characterization of occlusal 
overloaded cervical dental hard tissues by 
en face optical coherence tomography
C. Marcauteanu, M. L. Negrutiu, C. G. H. Sinescu, E. T. Stoica, 
F. I. Topala, L. Vasile, Univ. de Medicina si Farmacie Victor 
Babes, Timisoara (Romania); A. Bradu, G. M. Dobre, A. G. 
Podoleanu, Univ. of Kent (United Kingdom)

Aim and objectives. High occlusal forces can damage the occlusal and 
cervical dental hard tissues. Occlusal wear and noncarious cervical 
lesions are often seen in bruxing patients. An early diagnosis of 
occlusal overload could prevent pathological dental wear. The present 
study proposes the early microstructural characterization of occlusal 
overloaded cervical enamel and dentin by en face optical coherence 
tomography (eFOCT). 

Material and methods: 17 extracted bicuspids were investigated using 
eFOCT. 10 teeth derived from patients with light bruxism (identified 
through BiteStrips); they presented normal crown morphology in the 
cervical region and a physiological occlusal attrition (confined to the 
enamel). The other 7 bicuspids were not exposed to occlusal overload 
and had also a normal morphology of the dental crowns. 

The dental samples were investigated using an eFOCT system 
operating at 1300 nm (B-scan at 1 Hz and C-scan mode at 2 Hz). The 
system has a lateral depth resolution of 10 µm in tissue. OCT images 
were further compared with micro - computer tomography (µCT) 
images and histological sections.

Results. The eFOCT investigation of bicuspids with a normal 
morphology revealed a homogeneous structure of the cervical dental 
hard tissues. The C-scan and B-scan images obtained from the 
occlusal overloaded bicuspids visualized damage in the microstructure 
of these tissues. The high occlusal forces produced a characteristic 
pattern of cracks, which didn’t reach the tooth surface in most cases. 
The µCT and histological images confirmed the microstructural defects 
identified on eFOCT images. 

Conclusions: eFOCT is a promising imaging method for the early 
diagnosis of occlusal overload on teeth with normal crown morphology 
and for the prophylaxis of dental wear.

8091-69, Poster Session

Study on image feature extraction and 
classification for human colorectal cancer 
using optical coherence tomography
S. Huang, S. Yang, W. Huang, Industrial Technology Research 
Institute (Taiwan); H. Chiu, National Taiwan Univ. Hospital 
(Taiwan); C. Lu, Industrial Technology Research Institute 
(Taiwan)

Most of the colorectal cancer has grown from the adenomatous 
polyp. Adenomatous lesions have a well-documented relationship 
to colorectal cancer in previous studies. Thus, to detect the 
morphological changes between polyp and tumor can allow early 
diagnosis of colorectal cancer and simultaneous removal of lesions. 
OCT (Optical coherence tomography) has been several advantages 
including high resolution and non-invasive cross-sectional image in 
vivo. In this study, we investigated the relationship between the B-scan 
OCT image features and histology of malignant human colorectal 
tissues, also en-face OCT image and the endoscopic image pattern. 
The in-vitro experiments were performed by a swept-source optical 
coherence tomography (SS-OCT) system; the swept source has a 
center wavelength at 1310 nm and 160nm in wavelength scanning 
range which produced 6 um axial resolution. In the study, the en-
face images were reconstructed by integrating the axial values in 
3D OCT images. The reconstructed en-face images show the same 
roundish or gyrus-like pattern with endoscopy images. The pattern 
of en-face images relate to the stages of colon cancer. Endoscopic 
OCT technique would provide three-dimensional imaging and rapidly 
reconstruct en-face images which can increase the speed of colon 
cancer diagnosis. Our results indicate a great potential for early 
detection of colorectal adenomas by using the OCT imaging.

8091-70, Poster Session

1550 nm superluminescent diode and anti-
Stokes effect CCD camera based optical 
coherence tomography for full-field optical 
metrology
M. J. Connelly, L. Kredzinski, Univ. of Limerick (Ireland)

Optical Coherence Tomography (OCT) is an imaging technology 
capable of carrying out 3D high-resolution, cross-sectional images of 
the internal microstructure of examined material. However, almost all 
of these systems are expensive, requiring the use of complex optical 
setups, expensive light sources and detectors, and complicated 
scanning of the sample under test. Most of these systems have not 
taken advantage of competitively priced optical components available 
at wavelengths within the main optical communications band located 
in the 1550 nm region. In this paper we demonstrate a comparatively 
simple and inexpensive time-domain full-field OCT system. The system 
is constructed using a free-space optics Michelson interferometer, a 
1550 nm superluminescent diode light source, anti-Stokes effect based 
CCD camera and simple signal processing techniques. The system 
is used to perform 3D cross-sectional imaging of a simple mirror 
stack, with a depth scan step of 10 microns. This kind of inexpensive 
setup with moderate resolution has potential applications in low-level 
biomedical and industrial diagnostics.
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8091-71, Poster Session

Integration of spectral domain 
optical coherence tomography with 
microperimetry generates unique datasets 
for the simultaneous identification of 
visual function and retinal structure in 
ophthalmological applications
P. Koulen, G. S. Gallimore, R. D. Vincent, N. R. Sabates, F. N. 
Sabates, UMKC School of Medicine (United States)

Conventional perimeters are used routinely in various eye disease 
states to evaluate the central visual field and to quantitatively map 
sensitivity. However, standard automated perimetry proves difficult 
for retina and specifically macular disease due to the need for 
central and steady fixation. Advances in instrumentation have led 
to microperimetry, which incorporates eye tracking for placement of 
macular sensitivity values onto an image of the macular fundus thus 
enabling a precise functional and anatomical mapping of the central 
visual field. Functional sensitivity of the retina can be compared with 
the observed structural parameters that are acquired with high-
resolution spectral domain optical coherence tomography and by 
integration of scanning laser ophthalmoscope-driven imaging. Findings 
of the present study generate a basis for age-matched comparison of 
sensitivity values in patients with macular pathology. Microperimetry 
registered with detailed structural data performed before and after 
intervention treatments provides valuable information about macular 
function, disease progression and treatment success. This approach 
also allows for the detection of disease or treatment related changes 
in retinal sensitivity when visual acuity is not affected and can drive 
the decision making process in choosing different treatment regimens 
and guiding visual rehabilitation. This has immediate relevance 
for applications in central retinal vein occlusion, central serous 
choroidopathy, age-related macular degeneration, familial macular 
dystrophy and several other forms of retina related visual disability.

8091-72, Poster Session

Design and development of a dual beam 
Fd-OCT system for volumetric vascular 
perfusion imaging of the human skin
S. M. Daly, E. Jonathan, M. J. Leahy, Univ. of Limerick (Ireland)

Fourier domain OCT systems have been reported to operate with 
higher imaging speeds and exhibit superior sensitivities when 
compared with Time domain OCT systems. However, these high 
acquisition rates were inevitably of low sensitivity to flow rate. In 
order to enhance sensitivity, multiple scans taken of the same sample 
position or acquisition speeds decreased. In addition, many techniques 
commonly employ point scanning, thus are not optimised for time-
evolution studies as signals are acquired at different times. 

The proposed method operates by simultaneous illumination and 
measurement from two planes in one acquisition. The temporal 
variations in light intensity are then to be subjected to real time cross-
correlation to determine the transit time (Δt) of photometric events and 
the red blood cell velocity (RBCV) may be obtained from the ratio of 
δ/Δt.

8091-73, Poster Session

Screening cervical and oesophageal tissues 
using optical coherence tomography
G. R. G. Erry, National Physical Lab. (United Kingdom); 
F. Bazant-Hegemark, Michelson Diagnostics Ltd. (United 
Kingdom); M. D. Read, N. Stone, Gloucestershire Royal 
Hospital (United Kingdom)

Optical Coherence Tomography (OCT) is a relatively new imaging 
technique that allows imaging tissue in three spatial dimensions. Such 
a technique makes it possible to examine the subsurface of the tissue. 

The depth of penetration into the tissue can be tailored by tuning the 
wavelength of the light source. While in some cases it is desirable to 
obtain deep penetration of the sample, when scanning for cancerous 
changes, it may only be necessary to penetrate the first few hundred 
micrometres. The shorter wavelength used, while decreasing the 
penetration depth, will improve the resolution of the instrument.

While images from OCT systems contain speckle and other artefacts, 
there are methods of evaluating the information by using image 
processing techniques. Of particular interest is the scattering 
coefficient that can be derived from the OCT data. By using 
discriminant techniques on the scattering data (such as principal 
components analysis), give a sensitive way of differentiating between 
changes in structure in the tissue.

An extensive data collection was performed on cervical tissue, ranging 
from normal to invasive cancer. The histopathology of each sample 
was gathered and was classified ranging from normal to cancer. The 
scattering profiles of the data were averaged and gradient analysis was 
performed, showing that for small distances into the sample there is a 
significant difference between scattering profiles between cancerous 
and normal tissue. PCA was also performed on the data showing 
grouping into various stages of cancer.

8091-74, Poster Session

Digital in-line holographic microscopy of 
marine microorganisms in multi-media 
environment
G. H. Sendra, S. Weisse, Ruprecht-Karls-Univ. Heidelberg 
(Germany); M. E. Callow, J. A. Callow, The Univ. of Birmingham 
(United Kingdom); M. Grunze, A. Rosenhahn, Ruprecht-Karls-
Univ. Heidelberg (Germany)

Digital In-line Holographic Microscopy (DIHM) has shown to be a 
suitable technique for tracking motile marine microorganisms. It is 
a transmission technique that uses a spherical coherent source to 
illuminate the sample and the optical field intensity is registered by 
a camera without any lens (free propagation). When light has to go 
across media with different refractive indices, the wavefront is distorted 
and the light that reaches the detector does not correspond to the 
original spherical wave. The impact of media before and after the 
sample was analyzed and a correction method was developed for the 
reconstruction process. This new approach was then tested not only 
in controlled experiments but also in the analysis of the exploratory 
behavior of motile spores of the marine fouling alga, Ulva linza, on 
surfaces with different chemical termination.

8091-75, Poster Session

OCT in difficult diagnostic cases in 
gynecology
G. V. Gelikonov, N. M. Shakhova, Institute of Applied Physics 
(Russian Federation); O. G. Panteleeva, Nizhny Novgorod 
Clinical Hospital of Russian Railways (Russian Federation); E. 
Yunusova, Nizhny Novgorod State Medical Academy (Russian 
Federation)

Clinical application of OCT for diagnosing of pelvic inflammatory 
diseases (PID) and endometriosis is reported. In total 160 female 
patients were examined. OCT has been applied in laparoscopy, 
examination of pelvic peritoneum and fallopian tubes were conducted. 
Indications for laparoscopy were infertility and chronic pelvic pain, 
criteria of inclusion - reproductive age of patients. In total 160 
female patients were examined in our study. OCT data have been 
acquired using 8 fps TD-OCT device with flexible forward looking 
endoscopic probe. It was shown that there are a number of typical 
OCT patterns corresponding to structural alterations caused by PID 
and endometriosis. In endometriosis OCT images reveal appearance 
of round and oval areas of low signal with distinct borders. In PID two 
types of OCT images are obtained. The first type is characterized by 
appearance of low OCT signal zones of various shapes, the second 
is characterized by appearance of zones with high OCT signal. 
Comparative analysis of OCT and histological data shows that different 
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types of OCT images correspond to different forms (subacute and 
chronic) of inflammation. Diagnostic efficacy has been estimated in 
blinded test, high (75-85%) diagnostic accuracy is shown. We suppose 
that OCT may be valuable diagnostic tool for subclinical PID and small 
forms of endometriosis. It should be used as complementary method 
with standard laparoscopy. In PID OCT can be used for recognition 
of inflammatory alterations and specific form of inflammation. In 
endometriosis it can be applied as a substitution of conventional 
biopsy in cases requiring morphological verification.

8091-04, Session 2

Combination of dark-field optical coherence 
microscopy with epi-fluorescence 
microscopy for functional cell imaging
C. Pache, N. Halidi, A. Bouwens, M. Villiger, J. Meister, 
T. Lasser, Ecole Polytechnique Fédérale de Lausanne 
(Switzerland)

Smooth muscle cells (SMCs) are responsible for arterial contraction 
and thus play an essential role in the control of hemodynamic 
resistance and blood circulation. The SMC-contraction is triggered 
by vasoconstrictors, which induce an increase of cytosolic Ca2+ 
concentration ([Ca2+]). It has been shown that contraction and Ca2+ 
concentration increase can propagate as a wave along the artery. 
However, the mechanisms underlying these Ca2+ waves are not fully 
elucidated. Here, we propose dark-field Optical Coherence Microscopy 
(dfOCM) as a fast imaging technique capable of detecting and 
resolving [Ca2+] changes in SMCs without the need for exogenous 
contrast agents. Due to the contrast enhancement of dfOCM, the 
dynamics of the scattered light contribution are imaged with a high 
spatial resolution and a fast acquisition rate. To provide a better 
understanding of the cell’s response, a multi-modal setup combining 
epi-fluorescence microscopy with dfOCM was designed. Stimulation 
of SMCs results in an enhanced dfOCM signal response, while the 
fluorescence response of the voltage sensitive dye reveals a change in 
the local calcium concentration. The correlation of both simultaneously 
acquired signals reveals important information of the cell response due 
to stimulation.

8091-05, Session 2

Optical characterization and feasibility study 
of multifunctional polylactic-co-glycolic acid 
(PLGA) nanoparticles designed for photo-
thermal optical coherence tomography
H. M. Subhash, Oregon Health & Science Univ. (United States)

Nanoparticles with plasmon-resonance absorption in the near-IR (NIR) 
optical range are of great interest in optical coherence tomography 
(OCT) for contrast enhancement and diagnostic interventions in 
molecular imaging. In this study, we characterized the optical 
properties of multifunctional NIR dye-loaded PLGA nanoparticles 
(approved by the U.S. Food and Drug Administration) to assess 
the feasibility of using contrast agent for photo-thermal OCT (PT-
OCT) imaging. Tissue phantoms containing NIR dye-doped PLGA 
nanoparticles were prepared in 2% agarose solution. To study the 
feasibility of detecting the particles using PT-OCT, imaging was 
performed with a custom built PT-OCT system, and specific contrast 
was obtained with the prepared tissue mimicking phantoms. The 
excellent photo-thermal properties in combination with the positive 
tissue phantom results qualify the feasibility of dye-loaded PLGA 
particles as promising candidate for PT-OCT imaging applications.

8091-06, Session 2

Contrast modification for low-coherence 
interference microscopy by Fourier-plane 
filtering
S. E. Schausberger, Johannes Kepler Univ. Linz (Austria)

We propose a novel full-field low-coherence interference (LCI) 
microscope which can provide different contrast modes using Fourier-
plane filtering (FPF) by means of a spatial light modulator. By altering 
the phase and spatial frequencies of the back-reflected wavefront 
from the sample arm of the interferometer we are able to change the 
contrast in the depth-resolved LCI images. In our setup we use a 
supercontinuum light source to maximize the wavelength-bandwidth 
to obtain a narrow interference gate, resulting in an effective depth 
resolution below 2 µm. FPF now provides the unique possibility to 
take advantage of classical and recent developments for contrast 
modification in conventional 2D optical microscopy. Well-established 
classical imaging techniques such as phase contrast microscopy, 
Schlieren imaging methods, dark-field microscopy, as well as 
the recently developed spiral phase contrast microscopy can be 
emulated. We demonstrate that different types of contrast modes can 
successfully be emulated to provide specific enhancement of internal 
structures and edges, and to reveal complementary details within the 
samples under investigation.

8091-07, Session 3

Speckle noise reduction by averaging in 
polarization sensitive spectral domain 
optical coherence tomography
E. Götzinger, M. Pircher, B. Baumann, T. Schmoll, H. Sattmann, 
R. Leitgeb, C. Hitzenberger, Medizinische Univ. Wien (Austria)

We demonstrate an ultra high speed fiber based polarization sensitive 
spectral domain optical coherence tomography system, using two ultra 
high speed CMOS line scan cameras. With this system an A-scan rate 
of up to 128 kHz was achieved. The system is based on polarization 
maintaining fibers and retrieves the backscattered intensity, retardation 
and optic axis orientation with only one A-scan per measurement 
location. This high speed data acquisition enables averaging of several 
acquired B-scans of intensity, retardation, optic axis orientation, and 
Stokes vectors, which strongly reduces speckle noise. We discuss 
different averaging techniques and compare the results in healthy 
human retinas.

8091-08, Session 3

Investigation of biological samples in vivo 
using PS-OCT system based on high-speed 
1300 nm Fourier domain mode-locked laser
M. Bonesi, M. Pircher, S. Zotter, T. Torzicky, E. Götzinger, 
Medizinische Univ. Wien (Austria); C. M. Eigenwillig, B. R. 
Biedermann, W. Wieser, R. A. Huber, Ludwig-Maximilians-Univ. 
München (Germany); C. K. Hitzenberger, Medizinische Univ. 
Wien (Austria)

We present a polarization-maintaining fiber-based high resolution 
Fourier domain polarization sensitive optical coherence tomography 
(PS-OCT) system based on a Fourier domain mode-locked (FDML) 
laser source with central wavelength of 1300 nm and tunable sweep 
range up to 130 nm. The FDML laser source generates 54 KHz sweep 
rate (i.e. A-scans rate) which, with the addition of a buffer stage, can 
be boosted by a factor 2, 4 or 8 enabling 108 KHz, 216 KHz or 432 
KHz sweep rate respectively. We demonstrate the capability of the 
system to retrieve reflectivity, retardation, birefringent axis orientation 
and degree of polarization uniformity (DOPU) information from 
biological samples in vivo by using only one single input polarization 
state of the probing radiation. The use of a broad bandwidth laser 
source improves depth resolution and reduces speckle sizes, yielding 
enhanced polarization imaging; the use of high-speed sweep rate 
reduces the required acquisition time and therefore minimizes the 
artifacts introduced by sample motion. System design is described 
and PS-OCT images of human skin (hand), fingernail and eye anterior 
chamber in vivo are reported to demonstrate system performance.
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8091-09, Session 3

Retardation and depolarization imaging by 
polarization sensitive optical coherence 
tomography at 840 nm and 1030 nm
T. Torzicky, E. Götzinger, M. Pircher, S. Zotter, M. Bonesi, C. 
Hitzenberger, Medizinische Univ. Wien (Austria)

A polarization sensitive spectral domain optical coherence tomography 
(PS-OCT) instrument working at a central wavelength of 1030 nm 
was developed and used for imaging of the ocular fundus. 2D and 
3D data sets of the fovea centralis and the optic nerve head region of 
healthy human volunteers were acquired. Additionally the distribution 
of depolarization was calculated based on Stokes vector analysis to 
generate degree of polarization uniformity (DOPU) images, which allow 
a better identification and segmentation of depolarizing layers like the 
retinal pigment epithelium (RPE).

Intensity, retardation and DOPU images acquired with the PS-OCT 
working at 1030 nm were compared with images taken with a PS-OCT 
working at 840 nm. Both systems provided tissue specific contrast 
for retinal pigment epithelium and birefringent tissues like, sclera, 
lamina cribrosa and retinal nerve fiber layer. Intensity images acquired 
with the 1030 nm set up showed, as expected, a higher penetration 
depth and therefore better visualization of the choroid and the sclera. 
Beside the RPE the sclera could be seen in the retardation images of 
the fovea region taken with the 1030 nm system. The RPE could be 
well observed in the DOPU images acquired with both systems. In the 
retardation images of the optic nerve head the birefringent scleral ring 
was clearly observable.

8091-10, Session 3

A method to calibrate phase fluctuation in 
polarization-sensitive swept-source optical 
coherence tomography
Z. Lu, D. K. Kasaragod, S. J. Matcher, The Univ. of Sheffield 
(United Kingdom)

We present a phase fluctuation calibration method for polarization-
sensitive swept-source optical coherence tomography (PS-SS-OCT) 
using continuous polarization modulation. 

The method uses a low-voltage broadband polarization modulator 
driven by a synchronized sinusoidal burst waveform rather than an 
asynchronous waveform together with the removal of the global 
phases of the measured Jones matrices by use of matrix normalization. 

This makes it possible to average the measured Jones matrices to 
remove the artifact due to the speckle noise of the signal in the sample 
without introducing auxiliary optical components into the sample arm. 
This method was validated on measurements of an equine tendon 
sample by the PS-SS-OCT system.

8091-11, Session 3

A theoretical framework for the analysis of 
optical anisotropy in birefringent biological 
tissues with polarization-sensitive optical 
coherence tomography
D. K. Kasaragod, Z. Lu, J. W. Jacobs, S. J. Matcher, The Univ. 
of Sheffield (United Kingdom)

Disruption of the delicate collagen network in the extracellular matrix 
of the cartilage is one of the factors that lead to osteoarthritis. 
Polarization-sensitive optical coherence tomography (PSOCT) has 
established itself as a non-invasive tool to obtain the structural 
orientation information of the tissues rich in birefringent collagen fibers. 
We report a theoretical framework based on the extended Jones 
matrix formulation that could describe the complex 3D architecture 
of the structural orientation of the collagen fibers in the zonal layers 
of cartilage. The optical anisotropy property of the Type II collagen 
fibers in the articular cartilage is studied by modeling the collagen 

fibers as a positive uniaxial birefringent crystal. The electromagnetic 
theory of light propagation as ordinary and extraordinary modes in 
a birefringent tissue has been previously studied for a single layer of 
birefringent tissue for multiple angle of illumination in two orthogonal 
planes of imaging. This approach known as the variable-incidence 
angle (VIA) experiment has been extended here to a double pass three 
layered cartilage architecture, comprising of a thin superficial layer with 
collagen fibers oriented parallel to the surface followed by a gradual 
arching downwards oriented transitional layer and a near normal 
radial orientation to the layer that leads to the subchondral bone. 
VIA experiment has also been used to carry out optical anisotropy 
studies using a time-domain PSOCT by obtaining the depth-wise 
retardance profiles. This paper reports the extended Jones matrix 
formulation of the three layer cartilage model as verified using the 
PSOCT experimental results using bovine cartilage sample based on 
the depth-wise retardance profiles obtained.

8091-12, Session 3

Novel polarization sensitive contrast agents 
for optical coherence tomography
K. B. Mehta, N. Chen, National Univ. of Singapore (Singapore)

Optical coherence tomography (OCT) is a widely used imaging method 
for various biological applications as it provides in-vivo images with 
micrometer resolutions with depth penetration up to 2-3 mm. OCT 
uses coherence gating based method to detect the backscattered light 
for obtaining biological information of tissues thus OCT essentially is a 
morphological imaging modality that has no molecular specificity. The 
amount of signal from the sample depends on the optical properties 
of material under investigation. Applicability of OCT can be extended 
by use of extrinsic probes, these probes changes localized optical 
properties such that can be detected by OCT that allows OCT to image 
beyond intrinsic contrast of tissues. Various kind of contrast agents 
have been developed and used for OCT. 

Gold nanoparticles, conjugated to biomolecules, have been used 
with OCT to visualize the molecular concentration in thick biological 
tissues. However, the scattering signal from nanoparticles cannot be 
well distinguished from the background signal from other microscopic 
scattered in tissue, which limits the detection sensitivity. In our current 
work we have presented a chiral bilayer chiral nanoparticle, using 
numerical simulations we demonstrate differential behavior to left and 
right citcularly polarized incident light from these particles. Thus, these 
particles can provide signal enhancement due to Plasmon resonance 
at the same time polarization dependent behavior can be used to 
enhance signal to background ratio. Although certain types of tissues 
show birefringence, none is known as chiral material. Consequently, 
circular polarization dependent signal from the chiral nanoparticles can 
be readily differentiated from the background. Significantly improved 
molecular sensitivity is achievable.

8091-13, Session 4

Double-beam Doppler optical coherence 
tomography for visualizing the 
microvasculature within the human retina
S. Zotter, M. Pircher, T. Torzicky, M. Bonesi, E. Götzinger, R. A. 
Leitgeb, C. K. Hitzenberger, Medizinische Univ. Wien (Austria)

We present a double-beam phase resolved Doppler optical coherence 
tomography (OCT) system for visualizing the microvasculature within 
the human retina. Classical phase resolved Doppler OCT systems 
measure the phase difference between adjacent A-scans. This 
phase difference is directly proportional to the velocity of the moving 
particle. This technique has proven to be a powerful, non invasive, in 
vivo imaging tool for measuring and visualizing larger vessels within 
the retina. But it is not capable of resolving the microvasculature 
where the flow speed is very low. In order to resolve the fine capillary 
network the timing between adjacent A-scans has to be in the order 
of ~1ms. This measurement speed would make the time which is 
necessary to acquire a 3D capillary flow image in vivo prohibitively 
long. Furthermore, the phase washout due to sample motions would 
severely degrade the signal quality. The system presented in this work 
overcomes this problem by using a double-beam scanning approach. 
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The sample arm beams of two identical spectral domain OCT systems 
are combined such that there is a small horizontal offset between them 
at the retina. Two tomograms which are separated in time are recorded 
and the phase difference is calculated between them. This approach 
allows us to delay the time between the two necessary phase 
measurements arbitrarily without the need to adjust the acquisition 
time. By combining the phase difference information with the recorded 
intensity images we generate 3D maps of the capillary network of the 
human retina with a high dynamic range.

8091-14, Session 4

High speed and high penetration Doppler 
optical coherence tomography
Y. Hong, S. Makita, Univ. of Tsukuba (Japan); M. Ju, B. Lee, 
Gwangju Institute of Science and Technology (Korea, Republic 
of); M. Miura, Tokyo Medical Univ. Kasumigaura Hospital 
(Japan); Y. Yasuno, Univ. of Tsukuba (Japan)

In this paper, we demonstrate high-penetration Doppler optical 
coherence angiography (OCA) based on high-speed 1-µm SS-
OCT which employs short cavity laser and k-linear sampling. 
Bidirectional choroidal blood flow imaging is demonstrated by using 
high penetration of probe beam and custom made numerical phase 
stabilization algorithm without additional calibration hardware. Since 
a conventional phase calibration mirror was not used, the depth 
measurement range of this OCA became wide.

In order to cancel the phase error numerically for Doppler OCA, we 
need to monitor the phase jittering occurred by the random spectral 
shift. Instead of using a conventional calibration mirror, we used the 
phase of auto-interference of a reference beam located around the 
zero-delay point of OCT signal. First, phase difference between an 
A-line which is under the phase-jitter-cancelation and a reference 
A-line which is typically the first A-line in a B-scan is obtained. The 
differentiated phase of the auto-interference signal of the reference 
beam would possess a phase slope which is in proportion to the 
amount of the spectral shift relative to the reference A-line. Linear 
fitting with weights proportional to the signal is applied to obtain the 
phase slope. Then phase difference in each depth is compensated by 
multiplying the inverted phase slope and depth position. Succeeded 
inverse Fourier transform yields shift-canceled spectrum. Standard 
Fourier domain OCT processing including numerical dispersion 
compensation is then applied to obtain a phase-stabilized OCT image. 
In order to obtain Doppler OCT image, the phase difference between 
adjacent A-lines is calculated. Two dimensional Kasai auto-correlation 
filter is applied to suppress the phase noise.

The high penetration Doppler OCA is demonstrated and it could give 
us the bidirectional blood flow information at the choroid, beneath 
myopic conus and lamina cribrosa. It could help the ophthalmic 
diagnosis related to the ocular circulation.

8091-15, Session 4

Ultrahigh-speed swept-source / Fourier 
domain OCT for Doppler measurements of 
total retinal blood flow
B. Baumann, B. M. Potsaid, M. F. Kraus, J. J. Liu, 
Massachusetts Institute of Technology (United States); D. 
M. Huang, Oregon Health & Science Univ. (United States); 
J. Hornegger, Friedrich-Alexander-Univ. Erlangen-Nürnberg 
(Germany); J. S. Duker, Tufts Univ. (United States); J. G. 
Fujimoto, Massachusetts Institute of Technology (United 
States)

Real-time functional imaging of the human retina enables visualization 
of physiological processes. Doppler optical coherence tomography 
(OCT) is a functional extension of OCT, allowing not only for volumetric 
imaging of the retinal structure with micrometer scale resolution 
but also assessment of retinal blood flow. In this presentation, we 
demonstrate ultrahigh speed Doppler OCT imaging using novel swept 
laser technology operating at 1050-nm wavelengths. With a speed of 
200,000 axial scans per second, dense 3D OCT data sets of the optic 

disk region were recorded in healthy human retinas. The high scan 
rate enables to detect and measure rapid axial flow velocities up to 
50 mm/s in the central retinal blood vessels, thus allowing to visualize 
perfusion in the optic disk. Using velocity profiles of these vessels 
in image planes perpendicular to the OCT beam, total retinal blood 
flow was calculated. Unlike flow measurement techniques based on 
traditional Doppler flow, this method does not require determination of 
blood vessel angles and is robust to retinal alignment. Ultrahigh speed 
swept source / Fourier domain OCT appears as a promising technique 
for quantitative assessment of retinal blood flow and perfusion, which 
is a key parameter in retinal diseases such as diabetic retinopathy or 
glaucoma.

8091-16, Session 4

Automated extraction of 3D Doppler OCT 
signatures using a support vector machine
A. S. G. Singh, T. Schmoll, R. A. Leitgeb, Medizinische Univ. 
Wien (Austria)

Doppler OCT is a functional extension of OCT to produce quantitative 
perfusion contrast of in-vivo tissue. When processing Doppler optical 
coherence tomography images, there often is a need to extract the 
Doppler signatures of vessels. This can be used for visualization, for 
finding the center point of the vessels or to facilitate the quantitative 
analysis of the vessel flow dynamics over time. We propose the use 
of a support vector machine (SVM) classifier in order to segment the 
vessels which uses intensity and texture information. We show that 
superior results to conventional simple threshold-based methods can 
be achieved in conditions of significant phase noise. 

Histogram equalization is applied to the Doppler tomogram which 
makes it possible to distinguish the vessels from the bulk tissue as the 
vessel intensities are mapped to constant values. By using a texture 
filter that quantifies the “randomness” of the data, e.g. an entropy 
filter, it is possible to distinguish the vessels from the surrounding 
bulk tissue. This information is combined with intensity and average 
intensity features in order to train a one-norm, soft margin SVM 
classifier with a radial basis function kernel in order to be able to model 
non-linear separation boundaries between classes. 

We show that using the SVM classifier is advantageous in scans that 
exhibit significant phase noise as it combines several descriptive 
features and not only relies on intensity information. We compare our 
results to a Gaussian mixture model classifier. The method has the 
potential for fully automated quantitative perfusion analysis.

8091-17, Session 4

Intra and inter frame differential Doppler 
imaging
T. Schmoll, I. R. Ivascu, A. S. G. Singh, A. Unterhuber, R. A. 
Leitgeb, Medizinische Univ. Wien (Austria)

We present a method to contrast the blood flow of retinal vessels 
from the surrounding static tissue. It is based on the extinction of 
the interference fringes by phase shifts of π. If moving particles 
of the sample introduce an additional phase shift, the signal from 
these particles will, in contrast to the signal from static tissue, not 
be attenuated. We demonstrate different variants of this method, 
where we introduce phase shifts during single A-scans, consecutive 
A-scans and consecutive B-scans. The different shifting schemes 
allow contrasting different flow speeds. We show proof-of-principle 
measurements with a piezo mirror, as well as in-vivo measurements 
of the human retina for the different phase shifting schemes. We 
demonstrate its capability to contrast the different flow speeds within 
the human retina; from the fast flows in the optic nerve head region to 
the slow flows within the capillary network surrounding the fovea.
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8091-18, Session 4

Enhanced joint spectral and time domain 
optical coherence tomography for 
quantitative flow velocity measurement
J. Walther, E. Koch, Technische Univ. Dresden (Germany)

Recently, a new method called joint spectral and time domain optical 
coherence tomography (STdOCT) for flow velocity measurement in 
spectral domain OCT (SD OCT) was presented. This method analyzes 
the detected time-resolved interference fringe spectra by using a two-
dimensional fast Fourier transformation (2D FFT) to determine directly 
the Doppler frequency shift instead of calculating the phase difference 
at each depth position of adjacent A-scans. There, it was found that 
STdOCT is more robust for measurements with low signal to noise 
ratio than the classic phase-resolved Doppler OCT (DOCT) making it 
attractive first for imaging fast flow velocities at which a strong Doppler 
angle dependent signal damping occurs due to interference fringe 
washout and second for investigating large blood vessels with a big 
diameter and a highly damped signal of blood with increasing depth 
due to strong scattering and absorption in the near-infrared wavelength 
range. In the present study, we would like to introduce an enhanced 
algorithm for STdOCT permitting a more precise flow velocity 
measurement in comparison to the conventional STdOCT. The new 
method determines the amplitude of the broadened Doppler frequency 
shift by calculating the center of gravity via the complex analytical 
signal as a result of the second FFT instead of detecting the maximum 
intensity signal. Furthermore, the comparison with phase-resolved 
DOCT was done experimentally by using a flow phantom consisting 
of a 1%-Intralipid emulsion and a 320 µm glass capillary. As a result, 
only marginal differences between the enhanced STdOCT and DOCT 
processed data can be identified.

8091-19, Session 5

Image registration based 3D-OCT motion 
correction and signal enhancement using 
orthogonal raster scans
M. F. Kraus, Friedrich-Alexander-Univ. Erlangen-Nürnberg 
(Germany); B. M. Potsaid, B. Baumann, J. Liu, Massachusetts 
Institute of Technology (United States); L. Branchini, New 
England Eye Ctr. (United States); M. A. Mayer, R. Bock, 
Friedrich-Alexander-Univ. Erlangen-Nürnberg (Germany); J. S. 
Duker, New England Eye Ctr. (United States); J. G. Fujimoto, 
Massachusetts Institute of Technology (United States); J. 
Hornegger, Friedrich-Alexander-Univ. Erlangen-Nürnberg 
(Germany)

Fourier-domain Optical Coherence Tomography (OCT) provides 
a means to capture densely scanned three dimensional volumes, 
providing structural information of the human retina. However, 
artifacts resulting from eye motion during 3D-OCT volume scanning 
degrade image quality and are a source of reproducibility error in 
quantitative measurements. Also OCT imaging, especially for non-
healthy subjects, can suffer from low signal levels and generally 
is subject to deterioration by speckle noise. We present a pure 
software based correction method that corrects motion in all three 
dimensions. It uses two or more consecutive 3D-OCT volume scans 
with orthogonal fast scan axis directions. The motion that took place 
in each volume is estimated on a per A-Scan basis using a global 
objective function approach. The objective function captures two 
goals: First, after correction the volumes should be similar to each 
other. The second goal is that within a short time frame, corresponding 
little motion is expected. A non-linear objective function capturing 
these goals is optimized using a multi-resolution approach. After 
correction the volumes are merged to form a single high-quality data 
set. The combination leads to a reduction of speckle noise as well 
as an increase of the signal level. Normal subjects and subjects with 
pathologies were scanned and processed. Results indicate better 
visual quality of the result and successful motion correction in all three 
dimensions. Also, a quantitative study on normal subjects showed 
improved reproducibility of nerve fiber layer thickness measurements 
on interpolated circumpapillary scan around the ONH. Overall, these 

results show that the method can play an important role in both 
improving image quality as well as clinically relevant measurements 
derived from the data.

8091-20, Session 5

Mechanical compression for contrasting 
OCT images of biotissues
M. Y. Kirillin, P. D. Argba, V. A. Kamensky, Institute of Applied 
Physics (Russian Federation)

The aim of present paper is to demonstrate the ability of mechanical 
compression for contrasting layer boundaries within biotissues in 
OCT images both in ex vivo and in vivo experiments. Monte Carlo 
simulations of mechanical compression effect on images of a biotissue 
are performed in order to approve the origin of contrast. Ex vivo 
studies were performed for human rectum samples. The analysis 
of dynamics of contrast between mucous tunic and submucous 
membrane versus pressure revealed that variation of pressure from 
0 up to 0.45 N/mm2 causes contrast increase from 1 to 10 dB. 
These results are qualitatively confirmed by results of Monte Carlo 
simulations. In vivo studies were performed for human thin skin in vivo 
for three different age groups. We show that the pressure of about 0.35 
N/mm2 induces contrast of epidermis-dermis junction of 13-17 dB 
after 5-10 minutes of pressure depending on the age group.

8091-21, Session 5

Speckle reduction in optical coherence 
tomography using elastic and viscoelastic 
properties of tissue
B. F. Kennedy, A. Curatolo, The Univ. of Western Australia 
(Australia); T. R. Hillman, Massachusetts Institute of Technology 
(United States); D. D. Sampson, The Univ. of Western Australia 
(Australia)

Optical coherence tomography (OCT) images are degraded by speckle. 
There have been numerous attempts to reduce its effects to improve 
OCT image contrast. Whilst successful, techniques proposed to date 
are limited by issues such as reduction in spatial resolution and the 
requirement to significantly modify the imaging system hardware.

We present two hardware techniques to reduce speckle in OCT 
images, with minimal degradation to the spatial resolution and with 
relatively minor modifications to the imaging system. Both techniques 
achieve speckle decorrelation by introducing strain to a sample. In 
the first technique, strain compounding, the sample is subjected to 
an increased strain with each B-scan using a compression plate to 
increase the load, causing decorrelation in the speckle. 

Whilst strain compounding is applicable to biological samples, an 
obstacle in its practical implementation is tissue viscoelasticity, which 
results in creep deformation. Therefore, in order to perform strain-
compounding speckle reduction in biological tissue it is necessary to 
allow sufficient time between B-scans, so that the residual strain may 
dissipate. To overcome this problem, in the second technique, we use 
creep deformation to achieve decorrelation between B-scans. This 
technique also simplifies the load system required in the sample arm of 
the imaging system.

In both techniques, correction for compression-induced spatial 
distortions between pairs of B-scans is achieved by applying a 
geometrical transformation to account for deformation. We obtain a 
1.52-fold reduction in contrast ratio (CR) for RTV silicone using strain 
compounding and a 1.65-fold reduction in CR for human lymph nodes 
using creep compounding.
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8091-22, Session 5

Fourier domain optical coherence 
tomography axial resolution improvement 
with modulated deconvolution
E. Bousi, I. Charalambous, C. Pitris, Univ. of Cyprus (Cyprus)

This summary presents a novel technique for axial resolution 
improvement in Fourier Domain Optical Coherence Tomography 
(FDOCT). The technique is based on the modulated deconvolution 
of OCT signals which results in a resolution improvement by a factor 
of ~ 7 without the need for a broader bandwidth light source. This 
method relies on a combination of two basic properties: beating, which 
appears when adding two signals with slightly different frequencies, 
and the resolution improvement, achieved by deconvolution of an OCT 
image with the encoded source autocorrelation function. In FDOCT the 
real part of the FFT of the interferogram is modulated by a frequency 
which depends on the shift in position of the interferogram. A slightly 
shifted interferogram will, therefore, result in an A-Scan which will have 
a different modulation frequency. Beating will appear when two such 
A-Scans, with an appropriately selected amount of shift, are added. 
Deconvolution of the resulting signal, using suitable kernels, results in 
a narrower resolution width.

8091-23, Session 5

Dispersion compensation in spectral 
domain optical coherence tomography in 
the continuum of fractional Fourier domains
N. Lippok, P. Nielsen, F. Vanholsbeeck, The Univ. of Auckland 
(New Zealand)

We present a new method of numerical dispersion compensation 
in spectral domain optical coherence tomography based on the 
fractional Fourier transform (FrFT). The fractional Fourier transform 
is a generalization of the traditional Fourier transform with an order 
parameter a. With this development, the traditional frequency domain 
is only a special case of the fractional transform and its continuum of 
fractional Fourier domains. The FrFT is described in the phase-space 
plane. The FrFT order was modified with respect to the chirp rate of the 
frequency modulated depth signal. This provided optimum response 
of the FrFT output to some induced linear dispersion (beta2). The 
dispersion induced by a 26 mm length water cell was compensated 
for a spectral bandwidth of 110 nm, from 49 µm back to the theoretical 
axial resolution in air of 3.6 µm. The point spread function is shown 
for dispersion matched, dispersion uncompensated and dispersion 
compensated spectral fringes. The phase of the spectral modulation is 
visualized for the three scenarios. We applied our method to a sample 
of two successively following microscope cover slips with an 20 µm air 
gap. The air gap could be resolved after dispersion compensation.

8091-24, Session 6

Megahertz retinal OCT: advanced data 
processing protocols enabled by densely 
sampled ultrawide-field data
T. Klein, W. Wieser, C. M. Eigenwillig, B. R. Biedermann, R. A. 
Huber, Ludwig-Maximilians-Univ. München (Germany)

We present retinal optical coherence tomography (OCT) imaging 
at both 684kHz and 1.37MHz axial scan rates with a novel Fourier-
domain mode locked laser operating around 1050nm. These ultrahigh 
speeds enable isotropically sampled ultrawide field data sets with ~70° 
field of view, consisting of 1900x1900 axial scans. The datasets are 
collapsed to ~4 megapixel depth-resolved fundus views, facilitating 
comparison with other fundus imaging modalities. Moreover, due to 
dense sampling, OCT cross-sections may be extracted along arbitrary 
coordinates in post processing, i.e. after data acquisition. Among 
others, a scan along a blood vessel and an animated inflating circum 
papillary scan are obtained. These results show that definition of 
a scan profile prior to data acquisition becomes obsolete with fast 
enough OCT systems. Additionally, we investigate how isotropic 
averaging compares to usual B-frame averaging.

8091-25, Session 6

Spectral-domain optical coherence 
tomography with an arrayed waveguide 
grating spectrometer
D. V. Nguyen, Academisch Medisch Ctr. (Netherlands); I. B. 
Akca, K. Wörhoff, R. M. de Ridder, M. Pollnau, Univ. Twente 
(Netherlands); T. G. van Leeuwen, J. Kalkman, Academisch 
Medisch Ctr. (Netherlands)

We designed and fabricated an arrayed waveguide grating (AWG) in 
silicon oxynitride as spectrometer for optical coherence tomography 
(OCT). The AWG has a footprint of only 2.1cmx2.6cm, operates at 
a center wavelength of 1300 nm and has a free spectral range of 
78 nm. The channel spacing is 0.4 nm and the light is channeled 
to 195 output waveguides. OCT measurements are performed and 
demonstrate imaging up to the maximum imaging depth of 1 mm at 
a spatial resolution of 19 µm, both in agreement with the AWG design 
parameters. The AWG is used as a spectrometer in a fiber-based 
spectral-domain OCT system. OCT imaging is done using the AWG-
based spectral-domain OCT system of a multi-layered scattering 
phantom. This is the first time an AWG spectrometer is used in OCT for 
optical imaging.

8091-26, Session 6

Low dispersion integrated Michelson 
interferometer on silicon on insulator for 
optical coherence tomography
G. Yurtsever, K. Komorowska, R. Baets, Univ. Gent (Belgium)

Current commercial and research OCT systems are constructed 
from fiber/free space optics components. Although fiber and micro-
optical components have made these systems portable, further 
significant miniaturization and cost reduction could be achieved 
through use of compact integrated photonic components for OCT. 
As the microfabrication technology improves, it becomes feasible to 
realize integrated low-loss, broadband photonic components that 
can be useful in OCT systems. Integrated photonic components can 
be fabricated on different material systems, which have their pros 
and cons. Among several materials, silicon on insulator (SOI) has 
advantages in terms of integration density and possibility to integrate 
with electronics. Although silicon is not an efficient light emitter 
and detector in the near infrared wavelengths, active elements (e.g. 
III-V compounds, Ge) can be heterogeneously integrated on top 
of the silicon wafer to implement light sources and detectors. We 
have designed and fabricated a Michelson interferometer on SOI 
for OCT, using 585nm wide, polarization maintaining waveguides. 
The waveguides have less than 2 dB/cm loss and are designed with 
group velocity dispersion less than 10 ps/nm.km. The footprint of the 
device is 0.5 mm x 3 mm. The device is fabricated on a 200 mm SOI 
wafer with 220 nm thick Si top layer on top of 2 µm thick SiO2 using 
193nm deep-UV lithography in combination with inductively coupled 
plasma reactive ion etching. We are in the process of characterizing 
the fabricated structures (insertion loss, bandwidth, GVD), and intend 
to provide an OCT image of a phantom using the integrated Michelson 
interferometer.

8091-27, Session 6

Mesoscopic 3D optical phantom technology 
and its application in optical coherence 
tomography
A. Curatolo, B. F. Kennedy, D. D. Sampson, The Univ. of 
Western Australia (Australia)

In optical coherence tomography (OCT) experiments, tissue-mimicking 
objects, known as phantoms, are important in order to validate new 
systems, novel techniques and theoretical predictions. Numerous 
materials have been proposed to date. Silicone has been used 
extensively due to its low cost, durability and ease of fabrication. 
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However a significant issue with all phantoms proposed is their lack 
of structure. The vast majority of phantoms either have homogeneous 
optical scattering or consist of simple layers with no 2D or 3D 
information, making it difficult to quantify the performance of an OCT 
system or technique. A sample with structure of known size on a 
mesoscopic scale intermediate between the resolution of the system 
and the imaging field of view could enable a series of performance 
measurements not possible using phantoms proposed to date. 

In this paper, we present a 3D structured phantom for the first time. 
The aim was to develop a reproducible phantom with independently 
controllable optical and mechanical properties. This phantom was 
fabricated using silicone as a transparent matrix. Optical scattering 
was introduced to the phantom using titanium dioxide (TiO2) particles. 
A two stage casting procedure allowed us to achieve a controlled 
structure in the first casting embedded in a second casting with 
different optical properties. The structured casting was produced in a 
mold attached to a master, bearing the negative imprint of the structure 
to cast. The master was fabricated via lithographic techniques. 
This sample could be of considerable value in a number of OCT 
experiments. It could be used, for example, in the study of speckle 
reduction techniques, beam propagation and multiple scattering 
effects, other imaging artifacts due to beam-sample interaction or, 
in general, for system calibration. We demonstrate the use of this 
phantom in assessing the feature contrast enhancement caused by 
focus-compounding speckle reduction.

8091-28, Session 6

Real-time massively parallel processing of 
spectral optical coherence tomography data 
on graphics processing units
M. Sylwestrzak, M. Szkulmowski, D. Szlag, P. Targowski, 
Nicolaus Copernicus Univ. (Poland)

In this contribution we show Spectral Optical Coherence Tomography 
(SOCT) biomedical imaging using massively parallel data processing 
on a low-cost, Graphics Processing Unit (GPU). One of the most 
significant limitations of SOCT is the time of data processing on main 
processor of the computer (CPU), which is generally longer than the 
time of acquisition. Therefore, in case of processing data on CPU, 
real-time imaging with acceptable quality is limited to small amount of 
lines (A-Scans). Recent progress in technology of graphics cards gives 
a promising solution to this problem. The newest graphics processing 
units GPU allow not only for a very high speed 3D rendering, but also 
for general purpose parallel numerical calculations with efficiency 
higher than available on the CPU. The presented system for both, 
mentioned above, functions utilizes graphic card and allows for very 
effective imaging. The total imaging speed is over 100 frames per 
second in case of presentation of 2D tomograms consisting of 1024 
A-scans. 3D rendering of the volume data build of 10 000 A-scans is 
performed with frame rate about 9 frames per second. This efficiency 
includes the acquisition time from line CCD camera (2048 pixels per 
spectrum), data transfer from frame grabber to GPU, all steps of data 
processing and 3D rendering to the screen. In this paper we describe 
the software taking into consideration data flow, parallel processing 
and organization of threads. For illustration we show examples of high 
resolution, real time imaging of human tissue.

8091-29, Session 6

Programmable picosecond laser for swept-
source OCT
G. Lamouche, S. Vergnole, National Research Council Canada 
(Canada); Y. Kim, B. Burgoyne, A. Villeneuve, Genia Photonics 
Inc. (Canada)

A fully programmable picosecond laser source that offers unique 
features for swept-source optical coherence tomography (SS-OCT) 
is presented. The programmable laser is based on a dispersion-
tuned actively mode-locked fiber laser. Dispersion-tuning is based 
on a large dispersive element in the cavity that generates a different 
roundtrip time for each wavelength. Thus, by changing the frequency 
of the RF signal which drives the active mode-locker which is an 

electro-optic modulator (EOM), the wavelength of the laser can be 
tuned. Efficient high speed electronic control enables the laser to 
rapidly tune the wavelength and pulse characteristics. The source 
can essentially deliver wavelengths on demand, thus providing full 
control of the wavelength sweep. For SS-OCT applications, it provides 
two highly significant features: sweeps that are linear in k-space and 
variable sweep rates. The basic source design is presented along with 
preliminary results from a prototype operating around a wavelength of 
1.5 micrometers. The prototype uses a semiconductor optical amplifier 
as its gain medium. The preliminary results include axial point-spread 
functions evaluated at various depths and SS-OCT imaging of 
various tissue samples. The same technological platform can also be 
tailored to provide an efficient source for other biomedical imaging 
applications. A novel system which integrates this source with a 
second laser system in which their outputs are synchronized, presents 
a unique benefit for non-linear spectroscopic applications such as 
Coherent anti-Stokes Raman Scattering (CARS) spectroscopy.

8091-30, Session 6

Dual excitation waveform Fabry-Pérot 
tunable filters used in swept sources
I. Trifanov, Multiwave Photonics (Portugal); A. Bradu, L. Neagu, 
Univ. of Kent (United Kingdom); A. B. Lobo Ribeiro, Univ. 
Fernando Pessoa (Portugal); A. G. Podoleanu, Univ. of Kent 
(United Kingdom)

A fast, linear k-space or optical frequency swept laser over a broad 
frequency range is required for OCT applications. However, most 
wavelength swept laser sources (SS) that use a scanning Fabry-
Perot tunable filter (FP-TF) exhibit a nonlinear temporal change of 
frequency due to the typical sinusoidal excitation waveform applied 
to the piezoelectric (PZT) element controlling the filter. Ideally, a linear 
arrangement of data along the k-axis (in wavenumber) is required prior 
to Fast Fourier Transformation (FFT) in order to yield a correct depth 
profile. Incorrect optical frequency mapping leads to an A-scan with 
broadened peaks, that exhibits distortions similar to those due to 
dispersion left uncompensated in the interferometer.

To compensate for the source nonlinearities, two solutions have been 
proposed: (i) using a software approach, consisting in resampling the 
data after analogue-to-digital conversion (A/D); (ii) using a hardware 
approach, consisting in clocking the A/D with an electronic trigger-
signal (K-trigger) generated by a second interferometer. Recently. 
a new, hardware solution was proposed, based on driving the FP 
filter with a superposition of sinusoidal waveforms at the first three 
harmonics of the filter resonance frequencies. 

Here, we propose a different hardware approach based on generating 
a synthesized anti-phase modulation waveform function that is applied 
to the FP filter. The waveform is found experimentally during an 
iterative hardware adjustment process. The optimization is simple and 
rapid, seeking minimum width of the FFT peak for a given optical path 
difference (OPD) value in the OCT interferometer, where the object is 
replaced with a mirror.

8091-31, Session 7

Endoscopic optical coherence tomography 
for imaging the tympanic membrane
A. Burkhardt, J. Walther, P. Cimalla, M. Bornitz, E. Koch, 
Universitätsklinikum Carl Gustav Carus Dresden (Germany)

Optical coherence tomography (OCT) is an imaging modality that 
enables micrometer-scale contactless subsurface imaging of biological 
tissue. Endoscopy, as another imaging method, has the potential of 
imaging tubular organs and cavities and therefore has opened up 
several application areas not accessible before. The combination 
of OCT and endoscopy uses the advantages of both methods and 
consequently allows additional imaging of structures beneath the 
surfaces inside cavities. Currently, visual investigations on the surface 
of the tympanic membrane are possible but only with expert eyes. Till 
this day, visual imaging of the outer ear up to the tympanic membrane 
can be carried out by an otoscope, an operating microscope or an 
endoscope. In contrast to the other devices, endoscopy has the 
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advantage of imaging the whole tympanic membrane with one view. 
The intention of this research is to develop a suitable endoscopic 
optical coherence tomography (EOCT) device for imaging the tympanic 
membrane and parts behind it. Detection of fluids in the middle ear, 
which function as an indicator for otitis media, could help to avoid the 
application of antibiotics. It is still possible to detect a congeries of 
fluids with the otoscope but the ambition is to detect it with OCT at 
an early point of time. The developed scanner head allows imaging in 
working distances between 0 mm up to 5 mm and a field of view of 2 
mm. In next steps, the scanner head should be improved to increase 
working distance field of view.

8091-32, Session 7

Clinical evaluation of intracoronary OCT 
tissue characterization
G. van Soest, E. Regar, Erasmus MC (Netherlands); B. E. 
Bouma, G. Tearney, Massachusetts General Hospital (United 
States); A. F. W. van der Steen, Erasmus MC (Netherlands)

We have developed a technology for tissue characterization based 
on intracoronary Optical Coherence Tomography (OCT). It provides 
contrast between different tissue types by analyzing the OCT signal 
to retrieve the optical attenuation coefficient of the tissue. This 
framework was validated in a post-mortem imaging study, showing 
that plaque components associated with unstable atherosclerosis have 
a significantly higher attenuation coefficient.

This presentation will concern the results of a clinical evaluation 
of this technology. We demonstrate the feasibility of in vivo tissue 
characterization based on a clinical pilot study, and compare plaque 
characterization based on grayscale OCT with attenuation imaging. 
A new speckle reduction technique, averaging time-domain data 
resulting from short-window Fourier transforms, will be discussed. 
Using 11 windows spaced over the recorded spectral data set, an SNR 
improvement of a factor 2.5 was achieved. This will enable single-
frame, single A-line analysis of the optical attenuation, allowing the 
analysis of full pullbacks.

8091-33, Session 7

Automated volumetric stent analysis of 
in-vivo intracoronary optical coherence 
tomography three-dimensional datasets
G. J. Ughi, T. Adriaenssens, K. Onsea, C. Dubois, M. 
Coosemans, P. Sinnaeve, W. Desmet, J. D’hooge, Katholieke 
Univ. Leuven (Belgium)

Intra-coronary Optical Coherence Tomography (OCT) is an appropriate 
imaging modality able to evaluate stent strut apposition and coverage 
in the coronary arteries. Currently, image analysis is performed by 
a time-consuming manual contour tracing process. We propose an 
algorithm for fully automated lumen morphology and stent apposition/
coverage quantification.

Vessel lumen and stent struts are automatically segmented through 
A-scan polar image intensity profile analysis. Segmentation allows for 
quantification of individual stent strut apposition/coverage, lumen and 
in-stent areas. From these data, the area representing the space from 
the stent surface to the vessel wall and the area of the tissue covering 
the stent surface are quantified. Volumetric measurements are then 
achieved through the analysis of equally-spaced consecutive slices of 
the OCT dataset.

The algorithm was validated using manual measurements (performed 
by two trained cardiologists) as a reference. 108 images were taken at 
random from in-vivo pullbacks of 9 different patients presenting ‘real-
life’ situations (i.e. blood residuals, sunflower artifacts, different lumen 
morphology). High Pearson’s correlation coefficients were found (Rarea 
= 0.99) between the automated and manual measurements while 
Bland-Altman statistics showed no significant bias with good limits 
of agreement. As such, it was shown that the presented algorithm 
provides a robust and a fast tool to automatically estimate apposition 
and coverage of stent struts in in-vivo OCT pullbacks. This will be 
important for the integration of this technology in clinical routine and 
large clinical trials.

8091-34, Session 7

Quantification of macrophages in ApoE 
deficient mouse aorta by optical coherence 
tomography
Z. Wang, Case Western Reserve Univ. (United States); S. 
Tahara, T. Morooka, H. G. Bezerra, M. A. Costa, Univ. Hospitals 
of Cleveland (United States); A. M. Rollins, Case Western 
Reserve Univ. (United States)

Macrophage is the key mediator of the plaque progression in ApoE-
/- mice, a well-established murine model for human atherosclerosis. 
Intravascular optical coherence tomography (OCT) has the potential 
to identify macrophages in human coronary arteries. We evaluate 
the capability of OCT to detect macrophages in ApoE-/- mice. OCT 
images of the descending aorta from 12 ApoE-/- mice (8 on high-fat 
diet and 4 on normal diet) were acquired ex vivo, and Mac-3 stained 
histology was performed in the corresponding segments. A fully 
automated method has been developed to quantify the macrophage 
area in OCT images. Quantification by the dedicated algorithm showed 
a good correlation with Mac-3 stained macrophage area (r=0.92, 
p<0.005). The result indicated that intravascular OCT can be used to 
detect macrophages in mice and our proposed method can be used 
for automatic macrophage quantification. The method is potentially a 
substitute for histological evaluation.

8091-35, Session 7

Full-field optical coherence tomography 
imaging system with endoscopic probes
A. Latrive, A. C. Boccara, Ecole Supérieure de Physique et de 
Chimie Industrielles (France)

Detecting pathologies such as cancer at an early stage requires an 
in-situ cellular diagnosis, which is currently provided through excisional 
biopsy procedures. Alternative solutions are appearing with minimally 
invasive imaging techniques such as Optical Coherence Tomography.

Here we present an endoscopic cellular imaging system adapted from 
the Full-Field OCT principle.

Our approach is to couple two different interferometers. A Michelson 
type interferometer is placed after the light source and is used for 
spectral modulation. A Fizeau common-path interferometer is formed 
at the distal end of the probe. The probe has a fixed focalization depth 
within the sample, but a variable scan depth set by the processing 
interferometer. The advantage of this technique is that all moving parts 
are exterior to the entirely passive probe.

We have developed two different endoscopic probes compatible with 
our system. The first probe is a 2-mm-diameter rigid endoscope built 
with graded-refractive-index lenses: it could be used for imaging of 
oral and gynecological cavities, or during surgical operations. The 
second probe is a fiber bundle based flexible endoscope which is less 
than 1 mm in diameter, narrow enough for imaging of the respiratory or 
the digestive tract.

The system achieves an axial resolution of 1.3 µm and a lateral 
resolution of 3 µm. First images were acquired from a solid phantom 
made of polyurethane resin and scattering TiO2 particles. We also 
present images from ex vivo biological samples: Xenopus Laevis 
tadpole, cancerous and healthy human tissues.

8091-36, Session 7

Phantoms for intravascular or endoscopic 
optical coherence tomography
C. Bisaillon, G. Campbell, M. L. Dufour, G. Lamouche, National 
Research Council Canada (Canada)

Over the last few years, we have been developing methods to fabricate 
complex phantoms in tubular shapes for endoscopic and intravascular 
optical coherence tomography (OCT). For these applications, 
phantoms that mimic complex tissue structures can find many uses.
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A first method uses silicone and inorganic additives. A great advantage 
of this method is that it leads to phantoms that have a very long life. 
A calibration process provides concentration of additives needed 
to mimic the optical properties of tissues or tissue layers. Uniform 
mixtures are then deposited and cured on a lathe setup, layer by layer 
for a multilayered phantom. This method has now grown into a mature 
and versatile fabrication method for phantoms of coronary arteries 
showing different features of atherosclerosis. We have developed 
means of making phantoms with calcified plaques, lipid plaques, thin-
cap fibroatheroma (TCFA), and homogeneous and layered restenosis 
after stent apposition. 

The silicone matrix provides elasticity similar to soft tissues, but 
only for small deformations. In a second method, the matrix of the 
phantoms is poly(vinyl alcohol) cryogels (PVA-c). This material has non-
linear elastic properties that could better approximate those of soft 
tissues. The cryogels are formed by submitting aqueous PVA solutions 
to successive freeze-thaw cycles (FTC). This process produces 
scattering structures in the cryogels themselves. By using different 
number of FTC and different additives, we obtain tubular phantoms 
composed of multiple layers with different optical properties. However, 
the improved mechanical behaviour of these cryogel-based phantoms 
comes at the price of a more challenging optical calibration than for the 
silicone-based phantoms.

8091-37, Session 8

Optical biopsy on breast tissue using light-
CT technology: a pilot study
F. Harms, LLTECH SAS (France); O. Assayag, A. Burcheri, 
Ecole Supérieure de Physique et de Chimie Industrielles 
(France); M. Antoine, Hôpital de Paris (France); B. Sigal, Institut 
Curie (France); B. De Poly, LLTECH SAS (France); C. Boccara, 
Ecole Supérieure de Physique et de Chimie Industrielles 
(France)

Optical Coherence Tomography (OCT) appears as an efficient 
technique for in-depth imaging of biological tissues. OCT relies 
on interferometric selection of ballistic photons. In contrast with 
most of the available OCT approaches (e.g. time domain OCT or 
Fourier domain OCT), Light-CT directly takes “en face” images 
using megapixels cameras and gel or water immersion microscope 
objectives. En face capture allows Light-CT to operate with high lateral 
and axial resolution (typically~1µm ×1µm×1µm).

Here we present a pilot study that aims to evaluate the Light-CT 
technology as a safe and efficient tool for breast tissue imaging in per 
operatory conditions by comparison with histological sections.

We have imaged more than 40 specimens of freshly excised breast 
tissue coming from mastectomy pieces. For each specimen we have 
taken 10x10mm Light-CT images at 4 different depths, the 4 Light-
CT scans have been acquired in less than 25 minutes, and a single 
10x10mm Light-CT image is obtained in 2,5 minutes .

The safety of the Light-CT technology has been evaluated with 
immunohistochemistry and DNA extraction testing on the specimens 
scanned with the Light-CT scanner and no damage or alteration on 
the results obtained have been observed. Also, histology has been 
possible on 100% of the specimens.

Good structural correspondence is observed between Light-CT 
images. Characteristic features such as ducts, lobules, vessels, 
adipous, fibrous and necrotic tissue can be identified from the Light-CT 
images and are recognized on normal and malignant tissue.

8091-38, Session 8

xf-OCM for the assessment of type I 
diabetes
C. Berclaz, J. Goulley, C. Pache, A. Bouwens, E. Martin-
Williams, M. L. Villiger, A. Grapin-Botton, T. Lasser, Ecole 
Polytechnique Fédérale de Lausanne (Switzerland)

In type I diabetes mellitus, the insulin producing β-cells are destroyed 
by an autoimmune reaction. The resulting reduction of the β-cell mass 

leads to an insufficient supply of insulin, ending in impaired glucose 
homeostasis. Islets of Langerhans hosting the β-cells are dispersed 
throughout the exocrine tissue of the pancreas and represent 
approximately 1-2% of the total organ mass. In-vivo and in-situ 
structural and functional imaging of islets of Langerhans and insulin-
secreting beta-cells represents a high challenge in diabetes research 
and medical practice. However, current imaging concepts, such as 
in vivo optical microscopy of β-cells, are limited in imaging speed, 
penetration depth and require labeling. In a previous contribution, 
we introduced xf-OCM imaging the pancreas in vivo and ex vivo 
with a spatial resolution close to cellular dimensions. This method is 
completely label-free, and produces three-dimensional tomographic 
views of the sample with high isotropic resolution. In this work, we 
report on quantitative islet imaging, establishing the size distribution of 
these islets and the integral β-cell mass. Since only the duodenal part 
can be easily accessed in vivo, we completely analyzed the duodenal 
part of a fixed pancreas. To extract the islets of Langerhans from xf-
OCM tomograms we implemented an algorithm using active contours 
and level set method. Our results give a distribution comparable to size 
distribution reported by Alanentalo et al. based on Optical Projection 
Tomography (OPT). Xf-OCM is able to resolve smaller islets than OPT. 
Even if this category of the smallest islets represents only a negligible 
volume of the total β-cell mass, recent works suggest that these 
smallest and peripherally located islets are the first to be destroyed 
when developing type 1 diabetes. These results show the excellent 
potential of xf-OCM to better understand the onset of diabetes as well 
as to monitor potential treatments.

8091-39, Session 8

Improved OCT imaging of lung tissue using 
a prototype for total liquid ventilation
C. Schnabel, S. Meissner, E. Koch, Technische Univ. Dresden 
(Germany)

Optical coherence tomography (OCT) is used for imaging subpleural 
alveoli in animal models to gain information about dynamic and 
morphological changes of lung tissue during mechanical ventilation. 
The quality of OCT images can be increased if the refraction index 
inside the alveoli is matched to the one of tissue via liquid-filling. 
Thereby, scattering loss can be decreased and higher penetration 
depth and tissue contrast can be achieved. Until now, images of liquid-
filled lungs were acquired in isolated and fixated lungs only, so that an 
in vivo measurement situation is not present. To use the advantages of 
liquid-filling for in vivo imaging of small rodent lungs, it was necessary 
to develop a liquid ventilator. Perfluorodecalin, a perfluorocarbon, 
was selected as breathing fluid because of its refraction index being 
similar to water and the high transport capacity for carbon dioxide 
and oxygen. The setup is characterized by two independent syringe 
pumps to insert and withdraw the fluid into and from the lung and 
a custom-made control program for volume- or pressure-controlled 
ventilation modes. The presented results demonstrate the possibility 
of liquid-filling shown in optical coherence tomography and intravital 
microscopy (IVM) images and the advantages of liquid-filling relative to 
OCT imaging of subpleural alveoli.

8091-40, Session 8

Functional optical coherence tomography in 
urology
D. J. Faber, D. M. de Bruin, E. C. Cauberg, K. Barwari, J. J. de 
la Rosette, M. Laguna, T. de Rijke, T. G. van Leeuwen, Univ. 
van Amsterdam (Netherlands)

we present two ex vivo studies to evaluate the ability of functional OCT 
( t measurements) to discriminate between different classifications of 
normal/benign/cancerous tissue of bladder and kidney. The outcome 
of both studies (one inconclusive, the other conclusive) requires 
additional in vivo studies, and as such requires probe development for 
routine application of OCT in the clinic, and better understanding of the 
origin of the OCT signal.
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8091-41, Session 8

Optical coherence tomography for imaging 
of subpleural alveolar structure using a 
Fourier domain mode locked laser
L. Kirsten, J. Walther, P. Cimalla, M. Gaertner, S. Meissner, E. 
Koch, Technische Univ. Dresden (Germany)

Optical coherence tomography (OCT) is a noninvasive imaging 
modality providing cross sectional and volumetric images of 
translucent samples. In Fourier domain OCT (FD OCT), the depth 
profile is calculated by a fast Fourier transformation of the interference 
spectrum, providing speed and SNR advantage and thus making 
FD OCT well suitable in biomedical applications. The interference 
spectrum can be acquired spectrally resolved in spectral domain 
OCT or time resolved in optical frequency domain imaging (OFDI). 
Since OCT images still suffer from motion artifacts, especially under 
in vivo conditions, increased A-scan rates are required. Therefore, the 
principle of Fourier domain mode locking has been presented by Huber 
et al. circumventing the speed limitations of conventional FD OCT 
systems. In FDML lasers a long single mode fiber is inserted in the ring 
resonator, resulting in an optical round trip time of a few microseconds. 
Sweeping the wavelength synchronously by a tunable Fabry-Perot 
filter provides wavelength sweeps with repetition rates up to a few 
MHz used for OFDI. Imaging of subpleural lung tissue for investigation 
of lung dynamics and its elastic properties is a further biomedical 
application demanding high-speed OCT imaging techniques. The 
visualization of subpleural alveolar structures of a rabbit lung is 
presented the first time by the use of an FDML based OCT system, 
enabling repetition rates of 49.5 kHz and 123 kHz, respectively.

8091-42, Session 8

Vulvar intraepithelial neoplasia: detection 
with optical coherence tomography
R. Wessels, Antoni van Leeuwenhoek Ziekenhuis (Netherlands); 
M. D. de Bruin, Academisch Medisch Ctr. (Netherlands); M. van 
Beurden, Antoni van Leeuwenhoek Ziekenhuis (Netherlands); 
D. J. Faber, Academisch Medisch Ctr. (Netherlands); H. van 
Boven, H. van Tinteren, Antoni van Leeuwenhoek Ziekenhuis 
(Netherlands); T. G. van Leeuwen, Academisch Medisch 
Ctr. (Netherlands); T. J. M. Ruers, Antoni van Leeuwenhoek 
Ziekenhuis (Netherlands)

Introduction: Optical coherence tomography (OCT) is an emerging 
biomedical optical imaging technique that performs high resolution, 
cross sectional tomographic imaging generating pictures that resemble 
histopathological examination. Cross sectional images are generated 
by scanning an optical beam across the tissue and measuring the echo 
time delay and intensity of backscattered light. The image penetration 
depth of OCT is determined by optical scattering and is up to 2 mm 
in tissue. We use the Santec Inner Vision 2000 with a 10 µm axial 
resolution, 11 µm lateral resolution, and light with a wavelength around 
1300 nm. This high resolution OCT functions as a type of ‘optical 
biopsy’, providing cross sectional images of tissues in analogy to 
histopathology but without removal or staining tissue. 

Vulvar intraepithelial neoplasia (VIN) is a premalignant skin disease 
caused by HPV infections, mostly type16, with a slow progression 
rate to cancer. It gives complaints of pain and pruritis. It is often wide 
spread on the vulva and removal of all lesions often leads to vulvar 
mutilation. It is therefore that an expectant management is often 
followed with frequent biopsies (histopathology is gold standard) to 
rule out the presence of vulvar cancer. An effective optical biopsy by 
means of OCT would be a major gain in the care of women with this 
disease. 

Aim of the study: to explore the value of OCT in patients with (pre)
malignant vulvar disease as an additional in vivo diagnostic tool which 
might result in a reduction of biopsies. 

Materials and methods: in this study we use OCT (Santec InnerVision) 
to image abnormal vulvar skin as well as healthy skin at high resolution. 
The abnormal skin is thereafter biopsied. Imaging analysis will be 
compared to histopathological results to investigate the use of OCT 
for the presence of VIN and micro-invasive disease. Subsequently, the 

attenuation coefficient (µt) is extracted from the OCT data by fitting 
Beer’s law to the averaged A-scans from a selected region of interest 
in the OCT image.

Study design: 20 patients with clinical suspicion of VIN, by whom a 
vulvar biopsy has to be taken in the outpatient setting and patients 
with VIN by whom an ablative surgical procedure has to be performed 
in the operating room under regional or general anesthesia will be 
included. Currently, 9 patients have been included.

Results: OCT scans will be analyzed by three independent 
investigators; biopsies will be analyzed by three different pathologists, 
to determine the intra-variability of OCT as well as the intra-variability 
of histopathology. Results of attenuation coefficient versus pathology 
will be presented at the conference.

Summarize

Introduction: OCT is equivalent to ultrasound, except it uses back-
scattered light to produce cross-sectional images instead of back-
reflected sound waves. The high resolution cross-sectional images 
have a maximal depth of 2.0 mm. The maximal imaging depth is due 
to the loss of signal by scattering and absorption of light within the 
tissue. This attenuation of OCT signal is directly related to the optical 
properties of the tissue. Consequently, the attenuation coefficient (µt), 
describing the decay of detected light intensity with depth, can be 
quantified using Beers law. (1) In recent studies, for example in analysis 
of atherosclerotic plaque components (2;3), in thin optical phantom 
layers (4) and in renal cell carcinoma (5;6), quantitative measurement of 
µt using OCT is sensitive for changes of optical properties in tissue. We 
therefore hypothesize that µt measurement of suspected VIN lesions 
will differ from µt of normal tissue, enabling the gynaecologist real time 
measurement of suspected lesions without having to perform a biopsy. 

Vulvar squamous cell carcinoma (SCC) is the fourth most common 
gynaecological type of cancer with an incidence of approximately 2-3 
per 100,000 women. (7) Vulvar SCC arises from VIN. Two different 
types of VIN can be distinguished, differentiated VIN and usual VIN. 
The most common is usual VIN, which appears more often in younger 
women and is correlated with HPV infection, mostly type 16. (7-11) In 
women younger than 50 years of age, the incidence of usual VIN and 
vulvar carcinoma is increasing.(12-15) This might be due to a higher 
incidence of HPV infection or to an increased awareness of usual VIN. 
(7) Untreated VIN has a substantial risk to progress to invasive cancer. 
(16) The progression rate is about 8% without treatment. The only 
way to get a histopathological diagnosis in case of a vulvar lesion of 
uncertain significance, is by taking a biopsy followed by conservative 
surgical excisions and/or laser vaporization, however every attempt is 
made to avoid vulvar mutilation. (17)

In the cervix uteri OCT improves the sensitivity and specificity of 
colposcopy for high grade cervical intraepithelial neoplasia (CIN) to 
76% resp 61%. It was hardly never evaluated in vulvar skin or VIN. 
(17;18) 

In order to assess the feasibility of OCT we perform in this pilot study 
the in-vivo ability of OCT to distinguish VIN from normal vulvar tissue 
based on the attenuation coefficients of these tissue types.

Aim of the study: to explore the value of OCT in patients with VIN as 
an additional in vivo diagnostic tool which might result in a reduction of 
biopsies. 

Material & methods: Since August 2010 patients scheduled for biopsy 
are being enrolled in the study. 

From each tissue sample, two investigators (RW and DMdB) obtain 
two or three OCT-images with a commercially available 50 kHz swept 
source OCT system (Santec Inner Vision 2000; 10 µm axial resolution, 
11 µm lateral resolution, with light with a wavelength around 1300 
nm). The OCT-images are stored in order to be analysed at later date. 
To obtain a quantitative analysis of the OCT-images, the attenuation 
coefficient or ‘µt’, in mm-1 of the tissue will be determined (figure 1). 
When performing the analysis, the investigators will be blinded for 
tissue type and definitive pathology of the tissue samples. 

Study design: 20 patients with clinical suspicion of VIN, by whom a 
vulvar biopsy has to be taken in the outpatient setting and patients 
with VIN by whom an ablative surgical procedure has to be performed 
in the operating room under regional or general anesthesia will be 
included. Currently, 9 patients have been included.

Standard pathological report will be considered as the gold standard 
for comparison. All data are being collected in a SPSS 17.0.1. 
database and analysed in cooperation with the statistician at our clinic. 
In our analysis we will look at difference of attenuation coefficient 
between normal vulvar tissue and VIN or vulvar carcinoma tissue 
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across all patients, treating each tissue sample as an independent 
observation. Secondly, we will look at difference of attenuation 
coefficient between normal vulvar tissue and VIN or vulvar carcinoma 
tissue within individual patients, taking possible dependencies 
between tissues from the same patient into account.

Results: OCT scans will be analyzed by three independent 
investigators; biopsies will be analyzed by three different pathologists, 
to determine the intra-variability of OCT as well as the intra-variability 
of histopathology. Results of attenuation coefficient versus pathology 
will be presented at the conference (figure 2).

Conclusion: First results show that, besides qualitative analysis of OCT 
b-scans, attenuation coefficient fitting of vulvar epithelial tissue is a 
promising tool to discriminate between normal and suspected tissue.

Figure 1: A) 3D representation of 15 by 15 by 3 mm OCT scan. B) 
2D cross-sectional image with the region of interest depicted in red. 
C) Histological slice from the same location as the OCT 2D scan. 
D) Average A-scan obtained from the ROI in the 2D OCT scan. 
Attenuation fit is shown in transparent red.

Figure 2: Histogram of 7patients in our study showing attenuation 
coefficient values of normal and suspected tissue. Error bars are 
standard deviations of 5 b-scans per tissue type.

8091-43, Session 8

Dental calculus image based on optical 
coherence tomography
Y. Hsieh, National Chiao Tung Univ. (Taiwan); Y. Ho, S. Lee, 
National Yang-Ming Univ. (Taiwan); C. Chuang, National Taiwan 
Univ. (Taiwan); C. Wang, National Chiao Tung Univ. (Taiwan); C. 
Sun, National Yang-Ming Univ. (Taiwan)

In this study, the dental calculus was characterized and imaged by 
means of swept-source optical coherence tomography (SSOCT). 
The refractive indices of enamel, dentin, cementum and calculus 
were measured as 1.625±0.024, 1.534±0.029, 1.570±0.021 and 
1.896±0.085, respectively. The dental calculus lead strong scattering 
property and thus the region can be identified under enamel with 
SSOCT imaging. An extracted human tooth with calculus was covered 
by gingiva tissue as in vitro sample for SSOCT imaging.

8091-44, Session 8

Intravitreal endoscopic OCT for retinal 
surgery
G. V. Gelikonov, V. V. Gelikonov, S. Ksenofontov, D. A. 
Terpelov, Institute of Applied Physics (Russian Federation); G. 
Stolyarenko, D. Doroshenko, Posterior Eye Section Diagnostics 
and Surgery Ctr. (Russian Federation)

We present the first clinical use endoscopic OCT device equipped 
with tiny 0.6 mm (23GA) probe for intravitreal real time retina in-
depth imaging. GRIN optics based forward looking probe has been 
developed. Scanning rate of 16 fps of 1.5x1.5 sector shape image has 
been reached First in-vivo clinical experiments have been conducted. 
Results are presented.

8091-45, Session 9

Simultaneous, tracked multi-wavelength 
optical coherence tomography for clinical 
applications
B. Pova?ay, Medizinische Univ. Wien (Austria); I. Böttcher, 
Heidelberg Engineering GmbH (Germany); B. Hofer, M. 
Esmaeelpour, S. Binder, Medizinische Univ. Wien (Austria); 
R. Engelhardt, Heidelberg Engineering GmbH (Germany); W. 
Drexler, Medizinische Univ. Wien (Austria)

Retinal imaging is demonstrated with a combined 800/1060 nm 

eye-tracking optical coherence tomography system. While current 
commercial optical coherence tomography devices for retinal imaging 
are operated at the 800 nm wavelength region, research has shown 
that the influence of scattering at longer wavelengths is reduced and 
penetration through cataract as well as into the subretinal tissue of 
the choroid and sclera is improved at the 1060 nm water absorption 
window. Tracking and stabilization of eye movement together with 
averaging further removes speckle, suppresses noise and increases 
the signal to achieve unprecedented image quality. By acquiring at 
the two wavelength ranges at exactly equal imaging conditions the 
spectral, penetration and contrast differences can be compared. 
The clinical significance is evaluated especially with diseases that 
deteriorate the transmissivity of the fundus, but also for mapping 
deeper choroidal vessels in emmetropic or hyperopic subjects, where 
the choroid usually hides the structure of the bulbus formed by the 
rigid scleral shell. Significant ifferences in contrast are also found 
within the superficial layers, which often vary due to non-optimal 
imaging conditions in clinical application. Additional information can be 
extracted by pixel-wise comparison of the tomograms acquired at the 
two wavelengths.

8091-46, Session 9

Adaptive optics multimodal cellular 
resolution imaging system with retinal 
motion correction
R. J. Zawadzki, UC Davis Medical Ctr. (United States); S. M. 
Jones, Lawrence Livermore National Lab. (United States); A. G. 
Capps, UC Davis Medical Ctr. (United States); B. J. Bauman, S. 
S. Olivier, Lawrence Livermore National Lab. (United States); J. 
S. Werner, UC Davis Medical Ctr. (United States)

We previously described a system combining AO-SLO with AO-OCT 
that can be used to acquire a series of AO-SLO images and AO-OCT 
B-scans, where each B-scan is registered temporally and spatially 
with its corresponding AO-SLO image. Here we present progress on 
developing the next generation of this multimodal adaptive optics 
system that implements an aberration-free design of the imaging 
optics (AO-SLO and AO-OCT sample arm). We achieved that by 
placing optical elements out of the single plane what allows canceling 
of the system residual aberration. This was not optimized in our first 
generation instrument with all the optical elements located in one 
plane. 

Involuntary eye movement is one of the main problems inherent in 
the use of any in vivo retinal imaging system. It becomes increasingly 
important with improved imaging resolution as the small eye 
movements are magnified resulting in motion artifacts that complicate 
registration and prevent accurate measurement of retinal structure. 

In our multimodal AO system we use AO-SLO data to track retinal 
motion during AO-OCT data acquisition. This is possible because 
both systems share a common AO sub-system and vertical scanner 
to permit simultaneous acquisition (at 27 frames/s) of retinal images 
from the two channels. Corrected AO-OCT data sets can be used for 
precise quantification and/or monitoring of retinal cellular structures or 
to averaged multiple volumes to reduce speckle contrast present on 
single OCT B-scans to improve image quality. 

The feasibility of new instrumentation for improved AO correction and 
better visualization of microscopic cellular resolution retinal structures 
will be tested as well.

8091-47, Session 9

One micron high-sensitive double beam 
Doppler optical coherence angiography with 
variable velocity range
F. Jaillon, S. Makita, Y. Yasuno, Univ. of Tsukuba (Japan)

Choroidal vasculature visualization is essential to understand 
vascularization abnormalities that exist in eye pathologies, such as 
age related macular degeneration. We propose a method that enables 
flow imaging, in particular of choroidal vasculature, with different 
velocity ranges. This method is based on the double beam optical 
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coherence angiography (DB-OCA). DB-OCA possesses improved 
Doppler sensitivity for slow flows. Indeed, conventional Doppler signal 
using phase-resolved method with adjacent A-lines is limited as we 
increase the acquisition rate. For high acquisition rate, only high flow 
vessels are visible and slow flow vessels become undetectable. DB-
OCA uses two scanning beams with the same scanning speed. But 
these two beams are spatially separated. Therefore a time separation 
exists between the two beams. This time separation is longer than 
the time between adjacent A-lines. This allows detecting slower flows 
without sacrificing high acquisition rate. High rate is needed to be less 
sensitive to motion artifacts. DB-OCA can measure slow flow Doppler 
signal and conventional Doppler signal. But in the previously published 
method, DB-OCA has a fixed velocity detection range, in other words 
a fixed beam separation. In order to solve this limitation, we therefore 
present a technique which is capable of taking Doppler signal with 
several velocity detection ranges. This is done by having a variable 
beam separation. This feature enables choosing the most favorable 
range that has a better vessel visibility. The experimental setup of the 
proposed solution is described and examples of human eye choroidal 
vasculature displayed with en-face Doppler variance images are 
shown.

8091-48, Session 9

Measuring anterior segment biomechanical 
properties and intraocular pressure 
with swept source optical coherence 
tomography
D. Alonso-Caneiro, K. M. Karnowski, B. J. Kaluzny, M. 
Szkulmowski, A. A. Kowalczyk, M. Wojtkowski, Nicolaus 
Copernicus Univ. (Poland)

In this contribution the 1300nm SSOCT is combined with an air-puff 
system tonometer to study the anterior segment biomechanics during 
intraocular pressure measurements. The system is synchronized 
to start recording just before the air-puff is activated. During the 
measurement the air stream forces the cornea applanation/relaxation 
and a M-scan is recorded. Special scanning protocols are implemented 
for verification of cornea spatial position during the recording. 
Combined system enables additional reference measurements of 
pressure generated in the air-puff chamber.

The temporal changes in position of different layers (anterior corneal 
surface, posterior corneal surface and anterior surface of crystalline 
lens), are observed during the 20ms interval of corneal applanation/
recovery process. The data analysis procedure involves filtering of the 
M-scan and automated layers segmentation. After the segmentation 
each trace is fitted with a polynomial function to observe the temporal 
evolution of relative layers positions as well as the distances between 
the layers during the tonometry measurement. Segmented layers have 
to be corrected for refractive index to recalculate the real in-depth axis. 
The dynamics of the anterior segment process during measurement 
are observed.

Preliminary results show the potential of this novel technique to provide 
additional information on anterior segment biomechanics during the 
assessment of non-contact tonometry. Alternatively, this system could 
also be used as a method to measure intraocular pressure.

8091-49, Session 9

Scattering properties and transparency 
characterization of human corneal grafts
O. Casadessus, L. Siozade-Lamoine, G. Georges, C. Deumié-
Raviol, Institut Fresnel (France); L. Hoffart, J. Conrath, Hôpital 
La Timone (France)

To figure out the suitability of a corneal graft for transplant surgery, a 
tissue sorting is performed with the consideration of two main rejection 
criteria: a low endothelial cells density and opacity of the cornea. 
However this last criterion remains subjective as based on the operator 
appreciation. We propose here a new approach to get a quantitative 
characterization of the corneal transparency through the study of its 
scattering properties.

Scattering measurements are linked with the micrometer-scale 
structure of the cornea and compared with numerical calculation based 
on electromagnetic theory to figure out the structures and phenomena 
responsible for the scattering behavior of the cornea when edema 
develops. Furthermore, bulk or surface contribution in scattering may 
be determined using an ellipsometric technique.

A close link between the scattering intensity level of the cornea and its 
thickness is highlighted through this study. Furthermore, the three-
dimensional imagery offers a view over the structural modifications 
leading to a change in transparency, and the combination with 
scattering properties measurement and numerical calculation provides 
clues over the characteristic scale of scatterers to consider for a better 
understanding of corneal transparency evolution.

Achieving an objective and quantified parameter for the transparency 
would be helpful for a more efficient corneal graft sorting, and may be 
able to detect the presence of localized wounds as the ones related to 
a previous refractive surgery. However, the study of graft nearly eligible 
for corneal transplant would be needed to confirm the results this 
study presents.

8091-50, Session 10

Holographic optical coherence tomography
D. Hillmann, C. Lührs, Thorlabs GmbH (Germany); T. Bonin, 
Univ. zu Lübeck (Germany); P. Koch, Thorlabs GmbH 
(Germany); G. Hüttmann, Univ. zu Lübeck (Germany)

We demonstrate holographic full-field swept-source optical coherence 
tomography. By using a simple Michelson interferometer setup, 
a rapidly tunable laser and combining scalar diffraction theory 
with standard OCT signal processing we obtain depth invariant 
imaging quality. The full field images which are reconstructed can 
be numerically refocused with depth invariant sensitivity and lateral 
resolution. Axial resolution and measurement depth of standard swept 
source OCT systems are maintained. Holographic OCT combines 
the parallel image acquisition of structures in different depths of OCT 
with the high numerical apertures of OCM. High lateral resolution is 
obtained while still maintaining the Fourier-domain advantage.

8091-51, Session 10

Localized measurements of quantitative, 
wavelength dependent optical properties by 
low-coherence spectroscopy
N. Bosschaart, D. J. Faber, T. G. van Leeuwen, M. C. Aalders, 
Univ. van Amsterdam (Netherlands)

Optical property measurements of tissue are widely used for diagnostic 
and therapeutic purposes in medicine. Knowledge of the probed 
tissue volume is vital for correct interpretation of the measurement 
and hence, adequate diagnosis or treatment of the patient. Also 
controllability of the size and location of the probed volume is essential 
when measuring on a specific tissue structure, such as a blood vessel. 
Many methods exist for general tissue optical property measurements, 
but exact knowledge and controllability of the probed volume remain a 
challenge.

Low-coherence spectroscopy (LCS) is a method for quantitative 
measurement of spectral optical properties (absorption, scattering and 
backscattering coefficients) over a large wavelength range (460-700 
nm). In this study, we use LCS to measure these optical properties 
within confined structures of tissue simulating phantoms. Thereby, we 
demonstrate the exact knowledge, and controllability of the probing 
volume in LCS. 

We prepared tissue simulating phantoms containing embedded 
structures with different optical properties. The spectral optical 
properties of the individual structures were measured and validated 
with either transmission measurements (absorption coefficients) or Mie 
theory (scattering and backscattering coefficients). Limiting factors, 
such as volume size and probing depth were assessed.
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8091-52, Session 10

Measurement of the scattering anisotropy in 
optical coherence tomography
V. M. Kodach, D. J. Faber, J. van Marle, T. G. van Leeuwen, J. 
Kalkman, Academisch Medisch Ctr. (Netherlands)

In this work we demonstrate that the scattering phase function in the 
backward direction can be measured from the OCT amplitude and 
the OCT attenuation in depth. Assuming a known phase function 
shape the scattering anisotropy parameter g can be determined from 
this measurement. OCT measurements are performed on calibrated 
polystyrene microspheres and show that the proposed method works 
well, matching the measurements with Mie theory calculations. The 
method is demonstrated for the determination of the g-factor of 
Intralipid: g=0.34±0.01. A limitation of this method is the occurrence 
of a non-unique solution for large size scatterers (>500 nm for an 
OCT wavelength of 1300 nm), which limits the range of applicability 
to g values lower than 0.5. A theoretical analysis is performed on 
the backscattering efficiency factor Q and good agreement between 
theory and experiment is observed.

8091-53, Session 10

Comparison of ultra-fast swept source full-
field OCT and conventional scanning OCT 
with varying NA
T. Bonin, Univ. zu Lübeck (Germany); P. Koch, Thorlabs GmbH 
(Germany); G. Hüttmann, Univ. zu Lübeck (Germany)

Recently, in-vivo full field (FF) optical coherence tomography (OCT) 
with an ultra-high speed camera has been presented as an altenative 
imaging scheme for fast retinal imaging. By parallel acquisition of 
A-scans, imaging with 1,5 million A-scans/s was shown with a possibly 
higher maximal possible exposure(MPE) due to extended illumination 
of the retina. In this paper, the image quality of FF-OCT images will 
be compared to conventional scanning OCT systems. The effect 
of the absence of a confocal aperture leading to crosstalk between 
adjacent image points will be discussed in detail for different numerical 
apertures (NAs). Theoretical and experimental analysis of the systems 
lateral and axial point spread functions (PSFs) will be given and 
discussed.

8091-54, Session 10

Time-domain coherence-gated Shack-
Hartmann wavefront sensor
J. Wang, A. Podoleanu, Univ. of Kent (United Kingdom)

In the present paper we investigate the possibility of narrowing the 
depth range of a physical Shack - Hartmann wavefront sensor (SH-
WFS) by using coherence gating. We have already demonstrated 
a low coherence interferometry (LCI) set-up, capable of generating 
similar spots pattern as a conventional SH-WFS and also capable 
of eliminating stray reflections.. Here, we evaluate the accuracy of 
wavefront measurements using a coherence-gated (CG)/SH-WFS. This 
is based on a Mach-Zehnder interferometer combined with a SH-WFS, 
that implements time-domain (TD)-LCI acquisition. The wavefront 
measurement errors introduced by the non-uniform distribution of the 
reference power over the photo-detector array was investigated. The 
effect on the centroid nodes accuracy due to different numbers of 
phase-shifting interferometry (PSI) steps applied was also evaluated. 
This novel technique has the potential of providing depth resolved 
aberration information, which can guide better correction in adaptive 
optics assisted OCT and confocal imaging instruments.
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8092-46, Poster Session

Histopathological analysis of necrosis 
induced in normal rat liver tissues after 
combined treatment between PDT and 
diode laser with 810nm
R. F. Rego, G. Nicolodelli, Univ. de São Paulo (Brazil); F. 
M. Araujo-Moreira, Univ. Federal de São Carlos (Brazil); V. 
Salvador Bagnato, Univ. de São Paulo (Brazil)

Diode laser with 810nm has been used for telangiectasias treatment 
due the property to promote sclerosis of small blood vessels. So, in 
order to understand how local changes in blood flow may interfere 
with photodynamic response, we performed a histopathological 
analysis of necrosis induced in normal rats liver tissues after a 
combined treatment between PDT and Diode laser using three types of 
photosensitization (PS: topical ALA, intravenous ALA and Photogem) 
and different conditions of treatment (only diode laser, PS+ diode 
laser, diode laser + PS+ PDT, PS+ PDT+ diode laser or PS+ diode 
laser + PDT). Animals were anesthetized and incised in the abdominal 
midline to expose the left liver lobe. For irradiation with diode laser 
was used 4W of power and focused beam, scanning an area of 
95mm2. Photodynamic therapy was performed with a laser diode, 
630nm, at a dose of 150mJ/cm2 and intensity of 150 mW/cm2 in an 
area of 1 cm2. After treatment, the animals were sutured and taken to 
accommodation. After 30 hours animals were sacrified their liver were 
removed for histopathological analysis and necrosis measurement. 
Results suggest that photosensitization followed by PDT and diode 
laser showed a greater necrosis than other studied conditions and 
topical ALA presented the deeper necrosis. Therefore, the action of 
diode laser may reduce the photodynamic response.

8092-47, Poster Session

Quantitative analysis of endovenous laser 
treatment based on human vein optical 
properties
K. Awazu, S. Nozoe, N. Honda, K. Ishii, Osaka Univ. (Japan)

Endovenous laser treatment (EVLT) is a common method clinically, but 
the precise irradiation dose for EVLT is not understood quantitatively. 
The objective of this study is to evaluate EVLT by quantitative analysis. 
In this study, the optical penetration depth of the human varicose vein 
tissues was calculated with the optical properties of the tissue. The 
optical properties of the tissue were determined by using a double 
integrating sphere and an inverse Monte Carlo technique. Laser 
irradiation was performed using a diode laser emitting light of the 
wavelength 980 nm and 1470 nm. The laser power density settings 
were 305 to 1518 W/cm2. And, laser irradiation was performed for 3 to 
10 s. As a result, penetration depth of the vein wall at the wavelength 
of 980 nm and 1470 nm were 1.3 mm and 0.22 mm, respectively. The 
shrinkage of the tissue was observed when the power density of 911 
W/cm2 for 5 s was applied in 980 nm. And, the tissue shrinkage was 
observed, when the power density was 305 W/cm2 and irradiation time 
was 10 s in 1470 nm. Taking account of the penetration depth and the 
sample thickness which was about 0.8 mm, EVLT with 1470 nm was 
safer than 980 nm. Because the sample irradiated with 1470 nm laser 
diode showed vein shrinkage in lower energy density than 980 nm, 
EVLT with 1470 nm was more effective than 980 nm. These results 
suggest that the EVLT with 1470 nm has advantages over 980 nm.

8092-48, Poster Session

Control of the optical characteristics of an 
optically thin layer with a rough surface by 
intracavity laser spectroscopy
K. G. Kulikov, St. Petersburg State Polytechnical Univ. (Russian 
Federation)

The article presents a mathematical model, which allows to vary the 
characteristic sizes of roughness, the electrical parameters of the 
modeling biological structure, the geometric characteristics and to 
establish relationships between them and the biological properties of 
simulated tissue.

8092-49, Poster Session

A simple color separation technique for 
solar tissue photocoagulation
N. P. Batista, D. Liang, Univ. Nova de Lisboa (Portugal)

Aiming at studying solar photocoagulation in biological tissue with 
both the warm and the cold portions of solar spectrum, a simple color 
separation technique is proposed. 

The chromatic aberration characteristic of Fresnel lens is exploited to 
achieve color separation by a plane mirror with a large central elliptical 
hole, reflecting the warm solar radiation above 600nm to one fused 
silica light guide, while allowing the passage of the cold radiation 
to another guide. ZEMAX  ray-tracing code is used to optimize the 
performance of each optical component. To attain a stable solar 
coagulation, the prototype is tested on a two-axis solar tracker. The ex 
vivo measurement is performed on chicken breasts at the solar power 
level of 30W and the exposure time of 60 seconds, attaining a uniform 
coagulation over a large area of 15mm x 15mm. A strong dependence 
of the penetration depth on wavelength is observed. Our cost effective 
solar photocoagulation prototype produces the same type and extent 
of tissue coagulation ordinarily achieved with surgical laser equipment.

A strong dependence of the penetration depth on wavelength has 
been observed, obtaining the penetration depth of approximately 6mm 
for the warm solar radiation and 4mm for the cold radiation. This solar 
photocoagulation prototype constitutes an alternative to expensive 
surgery laser equipment. In the future, flexible optical fiber bundles 
can be used to couple the solar light to convenient places outside the 
focal areas of several Fresnel lenses, all mounted onto one single solar 
tracker, to facilitate the in-door interaction of concentrated solar energy 
with biological tissues.

8092-50, Poster Session

In vivo N-acetyl cysteine reduce hepatocyte 
death by induced acetaminophen
C. Lin, F. Li, S. Wang, National Taiwan Univ. (Taiwan); H. Lee, 
National Taiwan Univ. (Taiwan) and National Taiwan Univ. 
Hospital (Taiwan); C. Dong, National Taiwan Univ. (Taiwan)

Acetaminophen (APAP) is the famous drug in global, and taking 
overdose Acetaminophen will intake hepatic cell injure. In this issue, 
mice are injected APAP overdose to damage hepatocyte. APAP 
deplete glutathione and ATP of cell, N-Acetyl Cysteine plays an 
important role to protect hepatocytes be injury. N-Acetyl Cysteine 
provides mitochondrial to produce glutathione to release drug effect 
hepatocyte. By 6-carboxyfluorescein diacetate (6-CFDA) metabolism in 
vivo, glutathione keep depleting to observe the hepatocyte morphology 
in time. Without NAC, cell necrosis increase to plasma membrane 
damage to release 6-CFDA, that’s rupture. After 6-CFDA injection, 
fluorescence will be retained in hepatocyte. For cell retain with NAC 
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and without NAC are almost the same. With NAC, the number of cell 
rupture decreases about 75%.

8092-51, Poster Session

Photoswitchable bactericidal effects from 
novel silica-coated silver nanoparticles
G. Fuertes, E. Pedrueza, K. Abderrafi, R. Abargues, O. 
Sánchez, J. Martínez-Pastor, J. Salgado, E. Jimenez Villar, 
Univ. de València (Spain)

The enhancement of the electromagnetic field in the surroundings 
of nanoparticles via surface plasmon resonance offers promising 
possibilities for biomedical applications. Here we report on the 
selective triggering of antibacterial activity using a new type of silver 
nanoparticles coated with silica, Ag@silica, irradiated at their surface 
plasmon frequency. The nanoparticles are able to bind readily to 
the surface of bacterial cells, although this does not affect bacterial 
growing since the silica shell largely attenuates the intrinsic toxicity of 
silver. However, upon simultaneous exposure to light corresponding to 
the absorption band of the nanoparticles, bacterial death is triggered 
selectively on the irradiated zone. Because of the low power density 
used in the treatments, we discard thermal effects as the cause of cell 
killing. Instead, we propose that the switched toxicity is due to the 
enhanced electromagnetic field in the proximity of the nanoparticles, 
which either directly (through membrane perturbation) or indirectly 
(through induced photochemical reactions) is able to cause cell death.

8092-52, Poster Session

Micromanipulation of cells and 
microparticles using optical fibers
D. Kotsifaki, National Technical Univ. of Athens (Greece)

Optical tweezers is a powerful tool which is used to capture and 
manipulate microscopic particles such as dielectric microspheres 
and cells. In the single optical trap the beam is strongly focused 
to a diffraction limited spot by a high numerical aperture objective. 
Currently a new version of optical trap was demonstrated with optical 
fibers. Compared with the traditional optical tweezers which required 
high power microscope objective and carefully adjust optical path, the 
fiber optical tweezers are compact in size and less expensive. The fiber 
optical tweezers have also a long working distance not necessarily 
close to the objective as for a typical optical tweezers. 

In this work we develop a single beam optical fiber trapping system 
integrated with an optical fiber ablation system for micromanipulation 
of biological and dielectric objects. The fiber trap was formed using a 
c.w. Nd:YAG laser operating at 1.06 µm. The laser beam was coupled 
into the front end of the fiber through a focusing lens of 100 mm and 
a pinhole of 500 µm diameter. The fiber ablation system was formed 
using a free- running Er:YAG laser operating at 2.94 µm with pulse 
duration of 80 µm. The ablation beam was coupled into the front end of 
fluoride optical fiber through a focusing lens of 100 mm and a pinhole 
of 200 µm. We verified that optical trapping and micromanipulation of 
micro object were easily achieved by a focused laser beam emerging 
from optical fiber inserted at the sample with various angles. We 
verified that inserting the optical fibers at an angle played an important 
role for a strong three- dimensional optical trapping and ablation.

8092-53, Poster Session

Light distribution in turbid media for 
photodynamic therapy: a simple approach 
for dosimetry studies
L. T. Moriyama, C. Grecco, C. Kurachi, V. Salvador Bagnato, 
Univ. de São Paulo (Brazil)

Light distribution in biological tissues determines the results of using 
light as a tool to promote therapeutic effects. In Photodynamic Therapy 
(PDT), light dose is one of the most important parameters to achieve 
tumor elimination. The study of light propagation in turbid media can 

be helpful to understand the main characteristics of light propagation 
in biological tissue, since it is a turbid medium. This study aims to 
develop a method based on simple measurements in turbid optical 
phantoms to predict the therapeutic action of light in PDT. Spatial light 
distribution in a turbid phantom made of lipid emulsion was measured 
with an isotropic probe when a narrow collimated laser beam was used 
as light source. The data was used to recover different geometries 
of incident light beam. In vivo experiments were performed to check 
de viability of using our method for Photodynamic Therapy. Rat 
livers were used as target tissue and a hematoporphyrin derivative 
was used as photosensitizer. The shape of induced necrosis was 
evaluated for different geometries of incident beams. Based on our 
results it is possible to conclude that simple measurements may help 
us to elaborate better strategies of illumination for PDT depending on 
tumor geometry and localization. This study shows that knowing the 
light distribution in a turbid media for a point light source, together 
with known refractive index, it is possible to predict the shape of 
induced necrosis. This method can also be used for photodiagnostics 
techniques and to improve the dosimetry in other phototherapies, like 
Low Level Laser Therapy.

8092-54, Poster Session

Spectroscopic and photochemical 
properties of Curcumin-based 
photosensitizer
F. Rego Filho, M. T. de Araujo, Univ. Federal de Alagoas (Brazil); 
C. Kurachi, V. Salvador Bagnato, Univ. de São Paulo (Brazil)

Background: Knowing the antibacterial and anticancer properties of 
curcuminoids and its derivates, an extract of the turmeric (rhizome) 
Curcuma longa Linn, Curcumin, was investigated concerning its 
photochemical and optical characteristics, such as absorption and 
fluorescence spectroscopy to evaluate conventional photobleaching 
and singlet oxygen formation and testify its possible use as a 
photosensitizer for Photodynamic Therapy purposes. Materials and 
Methods: LEDs with 405 nm, 450 nm and 470 nm emission band 
centres, were used to illuminate an aqueous solution of Curcumin 
salt (730.32 g/mol molecular weight) to induce photodegradation. To 
measure the fluorescence of the salt, we used 405nm excitation source 
(SF2000 - Y-type fiber optics for fluorescence spectrophotometer; 
Eagle VIO 50 mW laser, 405 nm, all Ocean Optics Inc.). For the 
optimal illumination source, a photobleaching experiment was carried 
out adding sodium azide (NaN3) in order to quench possible singlet 
oxygen formation in the solution. Absorption was obtained on a 
Cary 50 Spectrophotometer (Varian Inc.) Results: confirmative time 
dependent degradation of Curcumin was observed in the presence of 
light, as compared to natural degradation of samples maintained on 
dark environment. Two absorption peaks and their relation responded 
to both concentration and wavelength of illumination source. A spectral 
correlation between absorption of Curcumin and the emission bands 
of the sources showed an optimal spectral overlap for the 450nm LED. 
For this source, photobleaching showed less intense degradation 
on the presence of singlet oxygen quencher. Conclusion: Curcumin 
showed excellent chemical characteristics for causing photodynamic 
action, with optimal excitation in 450nm. Because of the short 
wavelength excitation source, it is a candidate for superficial targets in 
photodynamic therapy, e.g. bacteria biofilm reduction.

8092-55, Poster Session

FEM modeling and histological analyses 
on thermal damage induced in facial skin 
resurfacing procedure with different CO2 
laser pulse duration
F. Rossi, Istituto di Fisica Applicata Nello Carrara (Italy); T. 
Zingoni, E. Di Cicco, L. Manetti, El.En. S.p.A. (Italy); R. Pini, 
Istituto di Fisica Applicata Nello Carrara (Italy); D. Fortuna, 
El.En. S.p.A. (Italy)

Laser light is nowadays routinely used in the aesthetic treatments of 
facial skin, such as in laser rejuvenation, scar removal etc. The induced 
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thermal damage may be varied by setting different laser parameters, 
in order to obtain a particular aesthetic result. In this work, it is 
proposed a theoretical study on the induced thermal damage in the 
deep tissue, by considering different laser pulse duration. The study is 
based on the Finite Element Method (FEM): a bidimensional model of 
the facial skin is depicted in axial symmetry, considering the different 
skin structures and their different optical and thermal parameters; 
the conversion of laser light into thermal energy is modeled by the 
bio-heat equation. The light source is a CO2 laser, with different pulse 
durations. The model enabled to study the thermal damage induced 
into the skin, by calculating the Arrhenius integral. The post-processing 
results enabled to study in space and time the temperature dynamics 
induced in the facial skin, to study the eventual cumulative effects of 
subsequent laser pulses and to optimize the procedure for applications 
in dermatological surgery. The calculated data where then validated in 
an experimental measurement session, performed in a sheep animal 
model. Histological analyses were performed on the treated tissues, 
evidencing the spatial distribution and the entity of the thermal damage 
in the collageneous tissue. Modeling and experimental results were in 
good agreement, and they were used to design a new optimized laser 
based skin resurfacing procedure.

8092-56, Poster Session

Synchronously pumped OPO for generation 
of picosecond pulses around 6 .5 µm using 
AgGaS2 and CdSiP2
N. Hendaoui, E. Kakoudgi, M. Aladin, C. Silien, A. G. 
Peremans, V. Bruyninckx, Facultes Univ. Notre Dame de la 
Paix (Belgium); A. Esteban-Martin, M. Ebrahim-Zadeh, ICFO 
- Instituto de Ciencias Fotónicas (Spain); S. Been, R. M. 
Verdaasdonk, Univ. Medical Ctr. Utrecht (Netherlands); P. G. 
Schunemann, K. T. Zawilski, BAE Systems (United States); 
V. P. Petrov, Max-Born-Institut für Nichtlineare Optik und 
Kurzzeitspektroskopie (Germany)

We report on the comparative study of the performance of different 
nonlinear crystals in a synchronously pumped optical parametric 
oscillator (OPO) for generating mid-infrared pulses. The wavelengths 
around 6.5µm, unreachable by conventional laser sources, were of 
particular interest because of their usefulness in biological tissue 
ablation. The crystals under investigation were silver thiogallate 
(AgGaS2 -AGS) in both type I and II phase-matching configurations, 
and type I cadmium silicon phosphide (CdSiP2 - CSP). The singly 
resonant OPO was quasi-collinearly pumped at 1064nm by a 25Hz 
pulsed, passively and actively mode-locked, picosecond Nd:YAG 
laser/amplifier. In our experimental setup, accessible tuning range 
was narrower with CSP (6.5 - 7µm) than with AGS in either type I 
(2.9 - 7.8µm) or type II (4.4 - 8.6µm) phase matching. CSP, however, 
displayed a clear performance advantage at 6.5µm idler wavelength. 
Oscillation threshold, at 30 mW, was more than one order of magnitude 
lower than with AGS. This, combined with a better slope conversion 
efficiency than either AGS configuration, no observed damage after 
several weeks of operation at about 20 times above oscillation 
threshold, allowed us to reach 27.5mW of idler power, compared to 
13 and 6mW with type II and type I AGS. Pump transmission and 
depletion figures for both crystals complete this study. Our results 
demonstrate the feasibility of a CSP-based OPO for high-power 
6.5µm surgical applications as evidenced by primary ablation tests on 
biological tissues.

8092-57, Poster Session

Evaluation of LED therapy at 945 nm on 
bone repair by micro x-ray fluorescence 
spectroscopy and scanning electron 
microscopy
A. M. M. do Espirito Santo, Univ. Federal de São Paulo (Brazil); 
A. G. Diamantino, R. Amadei Nicolau, M. A. de Oliveira, Univ. 
do Vale do Paraíba (Brazil)

Studies show that laser therapy of low level intensity can promote 
acceleration of bone repair. The ability of phototherapy in modulating 
cellular metabolism can speed up the repair of bone tissue, since the 
laser irradiation stimulates proliferation and differentiation of osteoblast 
lineage cells and bone tissue formation. The aim of this study was to 
evaluate the effect of non-coherent light therapy on the repair process 
of surgically promoted femoral lesions in male Wistar rats. LED (light 
emitting diode) at 945 ± 20 nm, with output power of 48 mW, energy 
density of 18.8 J/cm² was employed for transcutaneous irradiation. 
The animals were divided in two main groups, irradiated and control 
(non-irradiated), and three subgroups, as according the period before 
euthanasia. The sacrifice periods were 14, 21, and 28 days after 
surgery. Seven applications were conducted, respecting the time of 
48 hours between the sessions. The phototerapy on the lesion region 
stopped after 14 days for all groups. The trabecular bone pattern in 
the repaired region was assessed using histomorphometric analysis, 
the maturity stage by counting osteocytes, and the morphological 
structure by scanning electron microscopy (SEM). In order to determine 
the mineralization rate deposition (Ca/P), the mineral content of Ca 
and P were mapped by micro X-ray fluorescence spectroscopy, and 
the mineral density was analyzed by Bone Densitometry. The results of 
analysis pointed that the LED therapy at infrared spectral region was 
efficient. The bone repair process was more advanced in the irradiated 
groups than the corresponding non-irradiated control groups.

8092-58, Poster Session

Effect of wavelength on the laser ablation 
threshold of hydroxylapatite irradiated by 
means of a pulsed nanosecond optical 
parametric oscillator
V. Bruyninckx, L. Lamard, G. Terwagne, A. G. Peremans, 
Facultes Univ. Notre Dame de la Paix (Belgium); M. Tielemans, 
D. Heysselaer, S. Nammour, Univ. de Liège (Belgium)

We report on the effect of laser wavelength on the ablation threshold 
of hydroxylapatite, the main component of dental enamel. Existing 
Er:YAG (2.94µm) and Er:YSGG (2.79µm) sources, emitting at 
respectively 2.94 and 2.79µm, target the water and OH- absorption 
spectra to achieve drilling. Thanks to recent progress in nonlinear 
optical materials, the availability of continuously tunable, high output 
power optical parametric oscillators (OPOs) opens the whole near- and 
mid-infrared spectrum to practical application in dentistry, beyond the 
fixed wavelengths provided by conventional sources. We used a singly 
resonant OPO built around a potassium titanyl phosphate (KTiOPO4 
or KTP) crystal, pumped at 1.064µm by a 10Hz pulsed, Q-switched, 
nanosecond Nd:YAG laser. Wide tunability of this OPO allowed 
investigation of a wide range of wavelengths (2.2 - 3.0 µm), covering 
the aforementioned absorption spectra. The effects of fluency (3-12 
J/cm2) and a (400 - 6000 pulses) were also considered. The output 
beam of the OPO was focused on both synthetic hydroxylapatite and 
natural tooth enamel samples, with and without water spay on the 
sample surface. Our main result is strong enhancement of ablation 
when a wavelength of 2.75µm is used together with water spay, thus 
demonstrating the interest of a tunable laser source such as an OPO 
for precise and efficient dental enamel drilling.

8092-59, Poster Session

Viability for the conjugate use of 
electrosurgery and photodynamic therapy
F. Rego Filho, M. T. de Araujo, Univ. Federal de Alagoas (Brazil); 
E. Vieira, WEM Equipamentos Eletrônicos Ltda. (Brazil); C. 
Kurachi, V. Salvador Bagnato, Univ. de São Paulo (Brazil)

Background: Photodynamic Therapy (PDT) is a technique for 
destroying tumor cells with little harm to viable healthy tissue on the 
neighborhood. It is usually based on the optical excitation, around 
630nm, of a Hematoporphyrin Derivate (HpD). This wavelength has 
limited penetration inside the tissue (~1mm), making the association 
of a surgical procedure needed for the partial excision of the tumor. 
Although Electrosurgery (ES) is a recommended tumor excision 
technique, the optical properties of the tissue damaged by ES still 
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need description, as well as its implications during PDT procedure. 
Materials and Methods: Twelve rats (Wistar) composed the animal 
model of four groups (Control, PDT, ES+PS+Light, PS+ES+Light), 
evaluating different orders of conjugation via fluorescence, imaging 
and histopathologic analysis. The fluorescence intensity of pre-
photosensitized tissue subjected to ES was studied as a funcion 
of the different types of electrical current of the operation modes. 
Results: First histopathological analysis has shown a highly modified 
surface of tissue (integral structure loss, dehydration shrinkage and 
color modification) and protein denaturation underneath this layer, 
accompanied by bleeding and inflammatory damage. Fluorescence 
imaging showed strong scattering of light at the surface of modified 
tissue, which may cause higher losses of light on the surface. 
Fluorescence spectra showed different photosensitizer degradation for 
distinct operation modes. Conclusion: The different tissue composition 
can also induce changes on absorption and scattering properties, 
influencing the light penetration. The study is in progress to evaluate 
the optimal parameters of electrosurgery and PDT combination, to 
obtain a higher treated tissue volume, comparing drug uptake in 
modified tissue, drug degradation after eletrosurgery and subsequent 
photodynamic action.

8092-60, Poster Session

Influence of the repetition rate at the 
morphological structure of teeth, restorative 
materials, and bovine femur after 
femtosecond laser ablation
G. Nicolodelli, R. d. F. Zanirato Lizarelli, J. T. Tribioli, C. Kurachi, 
V. Salvador Bagnato, Univ. de São Paulo (Brazil)

Femtosecond laser has been widely used in surgery laser, as an 
instrument for contact-free tissue removal of hard dental, restorative 
materials and osseous tissues have been studied as a means for 
complementing conventional drilling or cutting tools. In order to 
obtain a laser system that has an ablation efficiency comparable 
to mechanical instruments, the laser pulse rate must be maximal 
without causing thermal damage. If the repetition rate is very high, 
the incoming pulses may interact with the plasma, which is highly 
absorbing, and lead to heat generation in the sample. Thus, the optimal 
laser system should have a repetition rate fast enough to maximize 
tissue removal, while allowing enough time for the plasma and plume 
to dissipate. A Ti: Sapphire femtosecond (Libra-S, Coherent, Palo 
Alto, CA, USA) Q-switched and mode-locked laser, emitting pulses 
of approximately 70 fs, at 801 nm, and operating at a pulse repetition 
rate of 10 - 1000 Hz and the single shot mode was used in this study. 
The aim of this study have been compared the different morphological 
aspects of the hard materials after exposed lasers operating to 
femtosecond pulse regime. Morphological comparison between the 
different regimes of operation has been investigated and a special 
attention to preservation of structures was taken. Femtosecond pulses 
the induced-plasma ablation has reduced the side effect, as thermal 
and mechanics damage. In femtosecond regime the morphology 
aspects of the cavity were strongly influenced for the change of the 
repetition rate. In conclusion, different repetition rate can define several 
ablation aspects. Some of them can increase the quality of surgeries 
and hard tissues preparations to receive implants.

8092-61, Poster Session

Protoporphyrin IX production and 
photobleaching during treatment 
of condyloma by HPV with methyl 
aminolevulinate
N. M. Inada, M. Martins da Costa, E. da Silva Ribeiro, C. 
Kurachi, W. Lombardi, V. Salvador Bagnato, Univ. de São Paulo 
(Brazil)

Condyloma acuminatum is an epidermal manifestation attributed 
to the epidermotropic human papillomaviruses (HPVs). Porphyrin-
mediated photodynamic therapy (PDT) is a promising alternative 
method in the dermatological and recently, in the gynecological 

area3. After application of a photosensitizer, dysplastic cells may be 
destroyed when light of a certain wavelength mediates local cytotoxic 
effects caused by reactive oxygen species, especially singlet oxygen. 
Objective: to improve the feasibility of the Photodynamic Therapy 
(PDT) in the treatment of condyloma by HPV. Design: a multicentre 
non-randomised clinical trial. Setting: Unit of Public Health of 
Araraquara, Sao Paulo. Population or Sample: a total of 40 women 
with different grades of warts caused by HPV. Methods: women 
were selected from the Unit of Public Health of Araraquara, Sao 
Paulo. Approval by the university ethical committee was obtained as 
required by the Brazilian Registration for clinical experiments (Process 
CIEPesquisa/UNIARA 33/2008, 09/12/2008). Main Outcome Measures: 
the development of new strategies to treat condyloma by HPV, to 
trace the infection, to combat its consequences and to guide women 
with HPV. Results: aesthetic results were much superior to those 
obtained by conventional techniques as surgery or cryogenics, with no 
recurrence reported after two years of treatment. This study discusses 
how different condition about lesions and women are important to be 
considered when choosing PDT as a suitable alternative for each case. 
The protoporphyrin production and photodegradation were analyzed 
and the pain during the illumination was correlated with the light 
intensities. Conclusions: the good results are encouraging, evidencing 
PDT as an alternative to be considered and further studied for the 
treatment of HPV condyloma.

8092-01, Session 1

Stabilization of the longitudinal plasmon-
resonance absorption of nanorods by 
porous silica shell layer
F. Rudnitzki, G. Hüttmann, Univ. zu Lübeck (Germany); F. Ratto, 
Istituto di Fisica Applicata Nello Carrara (Italy)

Physical effects around gold nanoparticles induced by pulsed laser 
irradiation are a useful for the manipulation or elimination of cells and 
proteins. This was proven for spherical gold nanoparticles irradiated 
at their plasmon resonance peak wavelength around 520 nm. Rod 
shaped particles appeared to be predestined for similar applications 
in the optical window of tissue. They exhibit strong absorption in 
the range between 700 and 1000 nm, where tissue absorption and 
scattering is minimal. However, their resonance absorption peak is very 
sensitive to environmental changes and it was found experimentally, 
that transient as well as permanent loss of this absorption band occurs 
under nanosecond pulsed irradiation. In this work the stabilization of 
the optical and mechanical properties of gold nanorods by enclosing in 
silica shells is shown. A sufficiently thick shell provides stability of the 
plasmon resonance against the changes in the refractive index of the 
surrounding medium and prevents transient bleaching. The physical 
effects and its implications are clarified by means of computational 
models, using the discrete dipole approximation and a semi-analytical 
model for the calculation of temperature increase. Calculations were 
correlated with experimental results from energy absorption and 
optoacoustic measurements under nanosecond pulsed irradiation.

8092-02, Session 1

Efficient optical trapping of gold 
nanoparticles
F. Hajizadeh, S. N. Seyed Reihani, Institute for Advanced 
Studies in Basic Sciences (Iran, Islamic Republic of)

Nowadays the applications of metallic nanoparticles are indispensable 
in many areas from biology to electronics. In this article, we report on 
stable 3-D trapping of gold nanospheres ranging from 9.5 to 254nm 
in diameter using a nearly-aberration-free single beam optical trap. 
Our experimental data, for the first time, verify the volume corrected 
Rayleigh model for particles smaller than 100nm in diameter. 
Measuring the maximum applicable force using nanoparticles, we have 
shown that a few tens of milli-Watts of laser power can produce pico-
Newton range forces, which is ~4 times more efficient than that of the 
previous works.
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8092-03, Session 1

Effect of gold nanoparticles in the local 
heating of skin tumors induced by 
phototherapy
I. Salas-García, F. Fanjul-Vélez, N. Ortega-Quijano, Á. Lavín-
Castanedo, P. Mingo-Ortega, Univ. de Cantabria (Spain); M. 
López-Escobar, Univ. Hospital Marques de Valdecilla (Spain); J. 
L. Arce-Diego, Univ. de Cantabria (Spain)

During optical therapies, several types of interaction between the 
optical radiation and the target tissue can occur. The application of 
different power densities and the variation of the exposure time can 
cause from photochemical reactions to photodisruption. Photothermal 
therapy (PTT) is based in the thermal interactions, where the biological 
injury is provoked by a given increase of their temperature during 
the exposition to the optical source. Another treatment option 
very extended in several clinical fields due to its promising results 
is Photodynamic Therapy. This treatment modality is based in 
photochemical reactions where it is also required oxygen and the 
administration of a photosensitive substance known as photosensitizer.

The use of nanotechnology in both optical therapeutic techniques, 
constitutes a novel promising treatment strategy. Specifically, gold 
nanoparticles can improve different issues related to the transport of 
photosensitizers or the light energy absorption and the subsequent 
heat generation. This work focuses in the effects that can produce 
the use of gold nanoparticles in Photothermal and Photodynamic 
Therapies applied to skin diseases commonly treated by means 
of these techniques. We present a thermal model that permits to 
calculate the temperature distribution in different kinds of pathological 
dermatological tissues depending on the optical power provided by 
the optical source. The results obtained permit to compare the thermal 
injury produced depending on not only the provided power but also the 
type of pathology and the incorporation or not of gold nanoparticles in 
the target tissue.

8092-04, Session 1

Laser treatment of tumors with nanosized 
thermosensitizers under the OCT control
E. V. Zagaynova, M. A. Sirotkina, M. V. Shirmanova, V. V. 
Elagin, Nizhny Novgorod State Medical Academy (Russian 
Federation); V. A. Kamensky, Institute of Applied Physics 
(Russian Federation); V. A. Nadtochenko, N. N. Denisov, N.N. 
Semenov Institute of Chemical Physics (Russian Federation)

We presented results of local laser hyperthermia of tumors in animals 
using gold plasmon-resonant nanoparticles. Optimal regime of laser 
therapy was found that ensures pronounced therapeutic effect on a 
tumor marked by plasmon-resonant nanoparticles. The efficiency of 
hyperthermia is explained by treatment with maximum nanoparticle 
content in tumor that is assessed by means of OCT. The anti-tumor 
impact of hyperthermia is confirmed by inhibition of tumor growth and 
induced apoptotic death of tumor cells.

8092-05, Session 1

Selective excavation of decalcified dentin 
using a mid-infrared tunable nanosecond 
pulsed laser: wavelength dependency in the 
6 µm wavelength range
K. Ishii, M. Saiki, Osaka Univ. (Japan); K. Yoshikawa, K. Yasuo, 
K. Yamamoto, Osaka Dental Univ. Hospital (Japan); K. Awazu, 
Osaka Univ. (Japan)

[Background and Objective] Selective caries treatment has been 
anticipated as an essential application of laser dentistry. Based on the 
absorption property of carious dentin, 6 µm wavelength range shows 
specific absorptions and promising characteristics for excavation. The 
objective of this study is to investigate the wavelength dependency 

of less-invasive and selective carious dentin excavation in the 6 
µm wavelength range and to determine the optimal wavelength to 
realize a selective excavation. [Materials and Methods] Bovine dentin 
demineralized by soaking in lactic acid solution was used as a carious 
dentin model. A mid-infrared tunable pulsed laser was obtained by 
difference-frequency generation technique. The wavelength was tuned 
to the 6 µm wavelength range (5.7-6.6 µm) around absorption bands 
called amide I (6.05 µm) and amide II (6.45 µm). The laser delivers 5 
ns pulse width at a repetition rate of 10 Hz. The morphological change 
after irradiation was observed with a scanning electron microscope, 
and the measurement of ablation depth was performed with a confocal 
laser microscope. [Results] 6 µm wavelengths showed a selective 
excavation. Irradiation experiments indicated that the wavelength 
which primarily absorbed by organic matters could induce the selective 
excavation. The high ablation efficiency with a low thermal side effect 
was observed in a wavelength at 6.02 µm. [Conclusion] This study 
provided a valuable insight into a wavelength choice for a novel dental 
laser device under development for minimal intervention dentistry.

8092-06, Session 1

Mechanical response of artificial tissue 
models irradiated with Nd:YAG nanosecond 
laser pulses
F. G. Perez-Gutierrez, Univ. Autónoma de San Luis Potosí 
(Mexico); S. Camacho-Lopez, Ctr. de Investigación Científica y 
de Educación Superior de Ensenada (Mexico); G. Aguilar, Univ. 
of California, Riverside (United States)

Nanosecond long laser pulses are used in medical applications 
where precise tissue ablation with minimal thermal and mechanical 
collateral damage is required. When a laser pulse is incident on a 
material, optical energy will be absorbed by a combination of linear 
and nonlinear absorption according to both: laser light intensity 
and material properties. In the case of water or gels, the first results 
in heat generation and thermoelastic expansion; while the second 
results in an expanding plasma formation that launches a shock wave 
and a cavitation/boiling bubble. Plasma formation due to nonlinear 
absorption of nanosecond laser pulses is originated by a combination 
of multiphoton ionization and thermionic emission of free electrons, 
which is enhanced when the material has high linear absorption 
coefficient. In this work, we present three experimental approaches 
to study pressure transients originated when 6 ns laser pulses 
are incident on agar gels and water with varying linear absorption 
coefficient using laser radiant exposures above and below threshold for 
bubble formation: (a) PVDF sensors, (b) Time-resolved shadowgraphy 
and (c) Time-resolved interferometry. The underlying hypothesis is that 
pressure transients are composed of the superposition of both: shock 
wave originated by hot expanding plasma resulting from nonlinear 
absorption of optical energy and, thermoelastic expansion originated 
by heat generation due to linear absorption of optical energy. The 
objective of this work is to evaluate the relative contribution of each 
absorption mechanism to mechanical effects in agar gel.

8092-07, Session 3

Near-infrared quantum dot laser induces 
irreversible production of reactive oxygen 
species in different cell types
S. G. Sokolovski, S. A. Zolotovskaya, N. Z. Stewart, C. 
Pourreyron, A. P. South, I. McLean, E. U. Rafailov, Univ. of 
Dundee (United Kingdom)

For several decades the development of semiconductor laser diodes 
(LDs) has been having an enormous impact on biomedicine. One 
of many areas of LDs application is photodynamic therapy (PDT) 
in oncology. PDT relies on photodynamic effect of light-exited 
photosensitises (PSs) stimulating reactive oxygen species (ROS) 
production which finally induces cancer cells apoptosis or necrosis. 
General post-treatment phototoxicity and expensiveness of PSs have 
made them rarely used in modern oncology. Recent development of 
quantum-dot (QD) LDs emitting in the near infrared (NIR) spectral range 
at about 1.26 µm corresponding to the highest absorption band of 
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triplet oxygen molecule (3O2) gave us an opportunity to omit the PSs 
use inducing oxidative stress in cancer cells through 3O2-1O2 (singlet 
oxygen) transition. Indeed NIR (1260 nm) irradiation of the oxygen-
saturated organic solution (carbon tetrachloride) led to pronounced 
bleaching of 1O2-specific quencher naphthacene [1]. Furthermore 
NIR irradiation induced in HeLa, HaCaT, or primary keratinocytes 
(PK) loaded with dihydroxyethidium bromide (DHOEBr, one of 
most 1O2 specific fluorescent dye) ROS-dependent fluorescence, 
partially abolished by ROS scavenger α-tocopherol. Further DHOEBr 
experiments with these cell lines showed that 1260 nm irradiation 
triggered dose-dependent irreversible ROS production in all of them 
with most dramatic effect on HeLa cells. Single cell Ca2+ fluorescent 
imaging with Fura2AM showed significant increase of cytosolic calcium 
concentration in HaCaT and HeLa cells in response to 1260 nm laser 
irradiation due to Ca2+ influx to the cell through activated plasma 
membrane Ca2+ channels (single cell patch clamp). All together these 
results clearly show that NIR QD LDs irradiation transmitting 3O2 to 
1O2 triggers irreversible ROS production in the cell making possible 
the idea of direct without PSs laser-induced cancer cell apoptosis.

[1] Zolotovskaya, S.A. et al. “Laser-induced ion channel activation in 
HaCaT keratinocytes: a possible role for singlet oxygen mediation.” 
ECBO’09, Munich, Germany. 2009.

8092-08, Session 3

Photodynamic therapy prediction model 
using fluorescence spectroscopy and study 
of treatment parameters
J. D. Vollet Filho, L. T. Moriyama, C. Grecco, Univ. de São 
Paulo (Brazil); J. Ferreira, Univ. do Vale do Paraíba (Brazil); C. 
Kurachi, V. S. Bagnato, Univ. de São Paulo (Brazil)

Photodynamic Therapy (PDT) is used for malignant and pre-malignant 
lesions treatment. One of the difficulties in clinical PDT is an eventual 
incomplete lesion elimination, mainly for cancer treatment. It happens 
due to difficulties on oxygen depletion and in delivering proper 
amounts of light and photosensitizer (PS) to the treated tissue. 
Moreover, reactive oxygen species destroy part of local PS, reducing 
treatment efficacy. Since PS fluorescence decrease (by bleaching) 
and damage extent (evaluated as depth of necrosis) are correlated, 
this study aims to achieve a model that predicts depth of necrosis 
obtained by PDT application using tissue optical characteristics, light 
fluence, fluence rate, and fluorescence collected during treatment. 
Thirty Wistar rats were divided in groups with different fluence rates 
for PDT application (PS Photogem®; drug-light interval: 30 min). A 
diode laser (630 nm) was used as light source, and fluorescence (532 
nm excitation) was collected. Thirty hours after irradiation, animals 
were euthanized and liver samples removed for histological evaluation. 
Data was applied to the model and relations between fluorescence-
assessed bleaching and depth of necrosis were established. A model 
predicting, for known irradiation/tissue conditions, PS bleaching 
and depth of necrosis was obtained. There was good agreement 
to experiments, although considering uniform PS distribution and 
an estimative of oxygen concentration in tissue instead of actual 
measurement. A correlation parameter was obtained by multiplying 
normalized fluorescence by depth of necrosis values. It shall allow 
predicting depth of necrosis by knowing parameters for known 
conditions. This model is simpler than others in literature, but could 
easily be used in clinical practice, as a simple approach to evaluate 
damage in tissues. Additionally, it can lead to better understanding of 
treatment parameters, as it allows having theoretical trends for PDT 
results, making possible to improve therapy dosimetry.

8092-09, Session 3

A model-based comparison of implicit and 
direct dosimetry for ALA-PDT of skin
B. Liu, McMaster Univ. (Canada); T. J. Farrell, M. S. Patterson, 
Juravinski Cancer Ctr. (Canada)

Photosensitizer fluorescence photobleaching and singlet oxygen (1O2) 
luminescence dosimetry (SOLD) have been studied as dosimetric 
tools during ALA induced PpIX PDT of skin diseases. However, the 

correlations of the detected PpIX fluorescence photobleaching and 
cumulative SOL signals to 1O2 distribution within the skin are difficult 
to interpret because of the temporal and spatial variations of the PDT 
parameters: light fluence rate, photosensitizer concentration and 
oxygen concentration. This work used our dynamic model for ALA-
PDT of skin to investigate and compare both approaches for varied 
photosensitizer PpIX concentration and distribution, and for three 
commonly used treatment wavelengths. The simulated time-resolved 
evolution of the fractional loss of instantaneous PpIX fluorescence 
and cumulative SOLD signals are correlated to the time-resolved 
average cumulative 1O2 production in dermis and the singlet oxygen 
generation at specific depths. The results show that SOLD is much less 
dependent upon the treatment parameters, which implies that it has 
better potential as a “gold standard” dosimetric tool for clinical PDT.

8092-10, Session 3

PD and PDT for hepatoblastoma? Preclinical 
considerations
H. Stepp, F. Bergmann, A. Johansson, M. Heide, Ludwig-
Maximilians-Univ. München (Germany); R. Metzger, U. Rolle, H. 
Till, Universitätsklinikum Leipzig (Germany)

Introduction: Malignant tumours of the early childhood are rare but 
difficult to treat. Intra-operative detection of resection margins or 
metastatic spread by selective fluorescence might be a very valuable 
support during surgery. PDT to the resection surface might help to 
prevent recurrence. 

Materials and Methods: Hepatoblastoma (HuH6) and Neuroblastoma 
(MHH-NB11) and N1-fibroblast cell lines were tested for their capacity 
to synthesize porphyrins from 5-ALA (medac, Wedel) and cell viability 
upon PDT was tested with CellTiterBlue (CTB, Promega). HuH6-cells 
were also inoculated in the peritoneum of rats. The pharmacokinetics 
of porphyrin accumulation was measured with 9 rats by laparoscopic 
spectroscopy. 5-ALA was applied by i.p. injection at 500 mg/kg bw. 
With another 21 animals, tumours (n=20), liver (n=5) and peritoneum 
(n=4) were PDT-treated laparoscopically. 48 h after irradiation, animals 
were again incubated with 5-ALA for 1.5 hours and then sacrificed and 
tissues were removed for further investigation.

Results: Both tumour cell lines showed higher levels of porphyrin 
fluorescence than the fibroblasts. Cell viability testing proved 
highest sensitivity for HuH6 cells. Pharmacokinetic measurements 
showed a peak at 80-200 min after i.p. injection. Irradiation resulted 
in pronounced photobleaching at all irradiated sites and necrosis 
of tumour and liver tissue, whereas peritoneum appeared to remain 
unaffected. Phototoxically induced necrosis could easily be seen in 
fluorescence microscopy due to the lack of porphyrin synthesis in 
necrotic tissue after the re-incubation with 5-ALA. 

Conclusion: Selectivity of porphyrin synthesis in malignant 
hepatoblastoma upon incubation with 5-ALA was shown in cell 
cultures and animal tumour model.

8092-11, Session 3

Clinical study using photodynamic action for 
microbial control in periodontics
J. S. Giusti, C. R. Fontana, D. Gonçalves, C. Kurachi, V. 
Salvador Bagnato, Univ. de São Paulo (Brazil)

Ultrasound technology has been used for a long time by dentists to 
remove calculus but its association with Photodynamic therapy is a 
new protocol that can facilitate the removal, accelerate the healing 
process and reduce microorganism number. This clinical study with 
forty patients investigated different types at distinct concentrations 
of photosensitizers (Photogem®, curcumin, and nanoparticules 
methylene blue) and LED lights (red and blue) on periodontal 
treatment using the depth probe of periodontal pocket as parameter 
of evaluation. Results shown that all tested groups showed better 
results when compared with control group (only ultrasound treatment) 
for probe depth of periodontal pockets. The best result was observed 
in Group 2 (Photogem at 1mg/ml concentration) with a microorganism 
reduction level until 3 months post treatment, probably due to a better 
efficiency of this combination, resulting in a more difficult bacterial 
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reinfection. Conclusion: mechanical ultrasound effect combined with 
a photosensitizer and source of light can be a useful tool in a dental 
office, promoting better results for depth probe of periodontal pockets.

8092-12, Session 3

Construction of an array of LEDs coupled to 
a concentrator for phototherapy
J. L. Almeida, D. Liang, Univ. Nova de Lisboa (Portugal)

The use of LED devices for phototherapy in both red and near infrared 
range has been expanding in the last decade. LED devices are cheap 
and safe choices, offering a wider emission spectrum in large target 
tissue areas, when compared to laser emissions. 

A simple optical concentrator was developed to both couple and 
homogenizes the light distribution emitted by LEDs for phototherapy 
in skin lesions. The LEDs wavelength is coincident with one of the 
absorption peaks of cytochrome c oxidase, a photoreceptor in red 
and near infrared range. LEDs base section was laterally polished so 
as to form a compact 50mm×50mm emission area, enhancing both 
output irradiance and uniformity when compared to a non-polished 
LED source. The use of a concentrator with square 55mm×55mm input 
cross-section and 180 mm length allows an efficient transmission 
and concentration of LED radiations to its 35mm×35mm output end. 
Excellent beams uniformity is also achieved. Heat emanated from 
LEDs source is effectively dissipated by the concentrator, ensuring 
a constant temperature for tissue treatment. The prototype was 
optimized by optical simulation software ZEMAX®, reaching irradiance 
near 50mW/cm2 at the concentrator output end. 

Aiming at photostimulatory effects, the prototype was tested on 
cutaneous hyperpigmented marks caused by cupping in two 
volunteers. To prove the effectiveness of LED light concentration 
technique, two marks were irradiated by LEDs radiations respectively 
with or without the use of concentrator. Equal exposure time and 
light fluencies were tested. The use of concentrator-coupled LEDs 
source revealed an activation of blood movement and vasodilatation 
immediately after LEDs exposure, an interesting effect not attainable by 
the LEDs source without the concentrator, even at increased exposure 
time. This proves the effectiveness of LEDs-concentrator scheme, 
allowing a significant reduction in treatment time. Promising futures for 
the treatment of inflammations, tissue repair and skin rejuvenation can 
be expected.

8092-13, Session 4

Sentinel lymph node detection by an optical 
method using scattered photons
F. Tellier, Univ. de Strasbourg (France); H. Simon, Eurorad S.A. 
(France); F. X. Blé, R. Ravelo, R. Chabrier, J. Steibel, Univ. de 
Strasbourg (France); J. F. Rodier, Les Centres de Lutte Contre 
le Cancer (France); P. Poulet, Univ. de Strasbourg (France)

Breast cancer is the most prevalent of women cancers and the one 
with the highest mortality. In 2010, we reported approximately 52600 
newly diagnosed cases and 11300 deaths in France . Sentinel Lymph 
node biopsy is used routinely to identify a possible metastatic invasion 
from this primary breast cancer. The sentinel lymph node is defined as 
the first node that receives afferent lymphatic drainage from a tumour. 
The detection can be achieved either with a radioisotopic tracer and a 
nuclear probe or through a colorimetric procedure using a dye. Patent 
Blue Violet (PBV) dye is the most frequently used in clinical routine by 
surgeons for visual nodes detection.

This study presents two near infrared optical probes for the 
sentinel lymph node detection, based on the recording of scattered 
photons. The first one, based on two laser diodes and a photodiode 
detector, has already demonstrated a better sensitivity then the 
visual appreciation of the surgeon on two experimental cases: 
phantoms and small animal experimentation. In this paper, ex-vivo 
clinical experimental results are presented. However, this probe 
does not completely account for the biological tissues variations of 
optical absorption. To solve this problem, a second probe, with four 
wavelengths, has been developed. It will measure dye concentration 
taking into account the variation of concentration of other 

chromophores present in the surrounding media. We present here the 
first results using this probe.

8092-14, Session 4

Multimodal multiphoton CARS tomography
K. König, H. G. Breunig, JenLab GmbH (Germany); M. Balu, T. 
Krasieva, B. J. Tromberg, Beckman Laser Institute and Medical 
Clinic (United States); W. Sterry, J. M. Lademann, Charité 
Universitätsmedizin Berlin (Germany)

Multiphoton tomography has been employed in hospitals and cosmetic 
companies to provide non-invasively high-resolution optical biopsies of 
human skin based on two-photon fluorescence and second harmonic 
generation. High resolution CARS imaging is a novel approach to 
detect non-fluorescent SHG-inactive cosmetic agents and intratissue 
lipids. We report on hybrid laser imaging microscopes/tomographs and 
present data of skin from humans and small animals.

8092-15, Session 4

Skin autofluorescence photo-bleaching and 
photo-memory
J. Lesins, Univ. of Latvia (Latvia)

Photo-bleaching of in-vivo skin autofluorescence intensity under 
continuous low power laser irradiation has been studied. Fiber optic 
spectrometry set was used at continuous 405 nm and 532 nm laser 
irradiation. The measurement setup comprised a cw laser (405 nm 
or 532 nm) with focusing output SMA-connector, Y-shaped optical 
fiber bundle for delivery of the laser radiation to the skin probe and of 
the fluorescent light to spectrometer (via a laser-blocking filter) which 
was connected to PC. The fluorescence bleaching curves during skin 
irradiation have been obtained and analyzed. Skin photo-memory 
effect showing signs of low-power laser irradiation on in-vivo skin is 
discussed, as well.

Skin fluorescence photo-bleaching may find clinical applications in 
photodynamic therapy, skin keratinoid concentration determination, 
sensitizing agent controlling, etc. Mechanism of the skin AFPB effect 
has not been explained in details so far, but several hypotheses are 
examined experimentally. Low power laser irradiation may cause direct 
skin fluorochrome (for instance, porphyrin) degradation, but also some 
multi-step photoprocesses cannot be excluded. One should note that 
AFPB of healthy skin takes place at very low laser power densities, 
even lower than those fixed for skin at the European laser safety 
standard (200 mW/cm^2, exposition time to 10^3 s).

Results of the present study show unexpected sensitivity of in-vivo 
human skin to low power visible laser irradiation at power densities 
30-85 mW/cm^2, i.e. well below the European skin safety limits. 
Autofluorescence bleaching was observed at 532 nm laser excitation, 
and “photo-memory” effect recorded at 405 nm laser irradiation 
using these power levels. Since the mechanism of skin AFPB is 
not yet fully clear, in future more efforts should be put to study this 
phenomenon more deeply. It might open new possibilities for optical 
skin assessment and eventually lead to revision of laser skin safety 
standards.

8092-16, Session 4

Resolution limits between two embedded 
objects using an optical frequency-domain 
method: a numerical approach
V. M. Piron, J. L’Huillier, Ecole Nationale Supérieure d’Arts et 
Métiers (France)

Optical methods allow investigating noninvasively biological tissues 
without the use of ionizing radiations. On the other hand, owing to low 
absorption amounts in the near infrared wavelengths ranging from 600 
to 900nm, interrogated biological structures can be deeply investigated 
through distances up to about 10cm. In order to model the complex 
interactions between the light and tissues, we first reemphasize the 
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mathematical description of photon propagation in a slab geometry 
based on the well-known diffusion equation associated to appropriate 
boundary conditions at considered tissue-air interfaces. We then 
computed the time-resolved transillumination technique using a finite 
element method for a heterogeneous slab that mimics the breast gently 
compresses between two transparent plates. One or two tumor-like 
heterogeneities are embedded in the middle plane of the slab, where 
the expected image contrast is the poorest. Different time-dependent 
transmission data were performed by scanning a pulsed light source 
and detector in tandem over opposite surfaces of the slab geometry. 
Once the impulse responses are computed, their Fourier transforms 
are obtained through a FFT algorithm. The phase delay and attenuation 
are next derived. The phase delay is especially a relevant parameter. It 
was analyzed versus the distance between the two objects simulating 
the tumors, whereas the resolution limits are estimated by considering 
different working modulation frequencies (100MHz to 1GHz). The 
overall combinations account for realistic optical properties of tumors 
and breast-like tissues and noise level in the range of 0.3 degree. The 
results show that high frequencies are required in order to detect and 
resolve small different heterogeneities having realistic optical properties 
of tumors.

8092-17, Session 4

Efficiency of an accelerated hybrid 
method for steady-state spatially resolved 
reflectance simulations in multilayered 
tissue-like media
C. Mansouri, E. Galbrun, W. C. P. M. Blondel, Ecole Nationale 
Supérieure d’Electricité et de Mécanique - Nancy (France)

The overall goal of this work is to develop, implement, and test an 
accelerated hybrid method for the more efficient and more accurate 
calculation in the field of laser-tissue interaction problems. This method 
will make use of two very different techniques - the CPU-based Monte 
Carlo simulations (MC) of radiation transport, currently applied in a 
large variety of areas, and the Diffusion Approximation (DA). The CPU-
based MC simulations may require extremely long computations and 
this often makes the study of realistic settings unaffordable. In addition, 
MC criticality solutions have statistical errors, and the deterministic 
scheme of DA is limited to simple geometry and validity condition. 
This proposal aims to confront these difficulties by using an efficient 
computational hybrid Monte Carlo scheme computing on graphics 
processing units (GPU HMC) and using deterministic technique to 
obtain more rapid and accurate Monte Carlo solutions. This method 
effectively reduces the simulation time by a factor of 8 compared to the 
reference GPU-based MC code.

8092-18, Session 4

Determination of the optical properties of 
porcine dura-mater tissue considering the 
anisotropy factor
M. Heine, R. Michels, A. Kienle, Univ. Ulm (Germany)

The optical properties of turbid media cannot be measured directly, 
therefore they have to be derived by comparing measurement results 
with Monte Carlo simulations. Regarding biological tissue, the 
scattering behaviour shows a significant dependence on the anisotropy 
factor. The anisotropy factor is caused by the mircrostructure of the 
material and varies strongly in different types of tissue. In our approach 
we determine the anisotropy factor of porcine dura mater tissue. Thin 
slices of tissue (40 µm in thickness) are investigated in a goniometric 
setup at a wavelength of 650 nm by measuring the phase function 
for the complete solid angle. Samples of the same tissue are also 
measured in a single integrating sphere setup for their remission and 
transmission properties in the wavelength range of 450 nm to 750 nm. 
These measurements are executed in comparison mode. Considering 
the geometric dimensions of the samples, we conducted Monte Carlo 
simulations taking into account the anisotropy factor derived from the 
results of the goniometric measurement as well as geometric features 
of the investigated samples, refractive index variations ant the size 
of the illuminating spot. The calculated results were combined in a 

lookup table and a least square method was used to determine both 
the absorption coefficient and the reduced scattering coefficient. The 
absorption spectra shows the absorbing behaviour of hemoglobin with 
its characteristic peaks in the region of 542 nm and 576 nm. Due to 
blood loss during storage in saline, the tissue changed its color, what 
could be observed in an increase of reduced scattering coefficient.

8092-19, Session 4

Portable semiconductor disk laser for in 
vivo tissue monitoring: a platform for the 
development of clinical applications
R. A. Aviles-Espinosa, ICFO - Instituto de Ciencias Fotónicas 
(Spain); G. Filippidis, Foundation for Research and Technology-
Hellas (Greece); C. Hamilton, M Squared Lasers Ltd. (United 
Kingdom) and Solus Technologies Ltd. (United Kingdom); 
G. Malcolm, M Squared Lasers Ltd. (United Kingdom); K. J. 
Weingarten, Time-Bandwidth Products AG (Switzerland); T. 
Südmeyer, Y. Barbarin, U. Keller, ETH Zurich (Switzerland); D. 
Artigas-García, ICFO - Instituto de Ciencias Fotónicas (Spain) 
and Univ. Politècnica de Catalunya (Spain); P. Loza-Alvarez, 
ICFO - Instituto de Ciencias Fotónicas (Spain)

Long term in vivo observations at large penetration depths and 
minimum sample disturbance are some of the key factors that have 
enabled the study of different cellular and tissue mechanisms. The 
continuous optimization of these aspects are the main driving force 
for the development of advanced microscopy techniques such as 
those based on nonlinear effects. Its wide implementation for general 
biomedical applications is however, limited as the currently used 
nonlinear microscopes are based on bulky, maintenance-intensive and 
expensive devices such as Ti:sapphire ultrafast lasers.

We present the suitability of a portable (140x240x70 mm) ultrafast 
semiconductor disk laser (SDL) source, to be used in nonlinear 
microscopy. The SDL is modelocked by a quantum-dot semiconductor 
saturable absorber mirror (SESAM). This enables the source to deliver 
an average output power of 287 mW with 1.5 ps pulses at 500 MHz, 
corresponding to a peak power of 0.4 kW. The laser center wavelength 
(965 nm) virtually matches the two-photon absorption cross-section 
of the widely used Green Fluorescent Protein (GFP). This property 
greatly relaxes the required peak powers, thus maximizing sample 
viability. This is demonstrated by presenting two-photon excited 
fluorescence images of GFP labeled neurons and second-harmonic 
generation images of pharyngeal and body wall muscles in living C. 
elegans nematodes. Our results also demonstrate that this compact 
laser is well suited for long-term time-lapse imaging of living samples. 
Importantly this non expensive, turn-key, compact laser system 
could be used as a platform to develop portable nonlinear bio-
imaging devices, facilitating its wide-spread adoption in biomedical 
applications.

8092-20, Session 4

Plasmonic manipulations of fluorescence 
proteins using single femtosecond pulses
G. Bisker, L. Minai, D. Yelin, Technion-Israel Institute of 
Technology (Israel)

Fluorescent molecules such as the green fluorescent protein (GFP) 
play important roles in a wide variety of biological and biotechnological 
applications, primarily as fluorescent markers of cells and proteins. 
Many such applications would benefit from the ability of the user 
to manipulate the chemical and physical compositions of those 
molecules. Gold nanoparticles have unique optical properties, which 
render them particularly attractive for the manipulation of macro-
molecules, while enabling the induction of fast and highly localized 
processes with high biocompatibility. When illuminated with intense 
short laser pulses at their plasmonic resonance, gold nanoparticles 
may affect their nearby environment through a variety of mechanisms, 
including near field enhancement, local heating, generation of acoustic 
shock waves, and the formation of cavitation bubbles.
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In this work, we utilize these effects to experimentally alter the 
functionality and the structure of GFP. A sample of GFP solution, in 
the presence of 20 nm in diameter gold nanospheres, was irradiated 
with single 50 fs pulses tuned to the particles’ plasmonic resonance 
at 545 nm. Significant decrease in GFP fluorescence emission was 
observed following a single pulse irradiation with a peak power of 
approximately 10^11 W/cm^2. Gel electrophoresis of the irradiated 
GFP-nanosphere solution showed noticeable decrease in the GFP 
band intensity, which correlated well with the observed decrease 
in the fluorescence signal. Western blot analysis using anti GFP 
antibody showed the presence of GFP at the top of the stacking gel, 
suggesting formation of large GFP aggregates. Similar experiments, 
with other types of fluorescent proteins, showed similar decrease in 
their fluorescence, decrease in the intensity of the original protein 
band detected in gel electrophoresis, and formation of aggregates. 
In contrast, similar experiments with different proteins including 
Streptavidin and Myoglobin, showed no effect on the protein’s quantity 
in gel electrophoresis analysis.

The presentation will outline our experimental observations, and 
discuss possible interaction mechanisms between the laser pulses, the 
particles and the biomolecules.

8092-21, Session 5

Red blood cell micromanipulation with 
elliptical laser beam profile optical tweezers 
in different osmolarity conditions
M. I. Makropoulou-Loukogiannaki, E. Spyratou, A. A. 
Serafetinides, National Technical Univ. of Athens (Greece)

Optical tweezers have been proved as an efficient tool to induce 
red blood cells stretching, deformation and rotation, for measuring 
cell properties such as the membrane elasticity, deformability and 
viscoelasticity. Recently, optical tweezers have been used as a tool 
for inducing rotation of Plasmodium-infected red blood cells (iRBCs) 
by using linearly polarized light. In this work, we study the behaviour 
of normal RBC under the effect of optical tweezers with elliptical 
laser beam profiles in different conditions of osmosis. We examined 
the results, such as folding action or rotation, induced to RBC by 
the known angular momentum transferred by light to the RBCs. 
This is associated with the spatial distribution of the laser intensity 
(orbital angular momentum) and the polarization of light (spin angular 
momentum). Furthermore, we created Line Optical Tweezers (LOT), 
by mounting a pair of cylindrical lenses in the conventional optical 
trap set-up, that focusing the beam only in one direction, having a 
symmetric intensity distribution about the centre of its long axis. Using 
LOT, we were able to manipulate and fold simultaneously more than 
one red blood cell. We measured the folding and unfolding time for red 
blood cells trapped at the centre of the line beam, where the energy 
intensity is uniform, for different laser powers and we calculated the 
bending modulus of the cells.

8092-22, Session 5

In vitro analysis of low-level laser irradiation 
on human osteoblast-like cells proliferation
N. Bloise, E. Saino, F. Bragheri, P. Minzioni, I. Cristiani, Univ. 
degli Studi di Pavia (Italy); M. Imbriani, Salvatore Maugeri 
Foundation (Italy) and Univ. degli Studi di Pavia (Italy); L. Visai, 
Univ. degli Studi di Pavia (Italy)

The objective of this study was to examine the in vitro effect of a single 
or a multiple doses of low-level laser irradiation (LLLI) on proliferation 
of the human osteosarcoma cell line, SAOS-2.

SAOS-2 cells were divided in five groups and exposed to LLLI (659 nm 
diode laser; 9.6 mW power output): group I as a control not irradiated, 
group II exposed to a single laser dose of 1 J/cm², group III irradiated 
with a single dose of 3 J/cm², and group IV and V exposed for three 
consecutive days to 1 or 3 J/cm², respectively. Cellular proliferation 
was assessed daily up to 7 days of culturing.

The obtained results showed an increase in proliferative capacity of 
SAOS-2 cells during the first 96 h of culturing time in once-irradiated 

cells, as compared to no-irradiated cells. Furthermore, a significantly 
higher proliferation in the group IV and V was detected if compared to 
a single dose or to control group after 96 h and 7 days.

In conclusion, the effect of the single dose on cell proliferation was 
transitory and repeated irradiations were necessary to observe a strong 
enhancement of SAOS-2 growth. As a future perspective, we would 
like to determine the potential of LLLI as a new approach for promoting 
bone regeneration onto biomaterials.

8092-23, Session 5

Biochemical and topological analysis of 
bovine sperm cells induced by low-power 
laser irradiation
T. R. Dreyer, Univ. Federal do ABC (Brazil); A. Siqueira, Univ. de 
São Paulo (Brazil); T. D. Magrini, P. A. Fiorito, Univ. Federal do 
ABC (Brazil); M. E. Ortiz d’Avila Assumpcao, M. Nichi, Univ. de 
São Paulo (Brazil); H. Martinho, M. P. Milazzotto, Univ. Federal 
do ABC (Brazil)

Low-level laser irradiation (LLLI) is known to increase adenosine 
triphosphate (ATP) production and energy supply to the cell, which 
could increase motility, acrossomal reaction and consequently the 
fertilizing potential of sperm cells. The aim of this study was to 
characterize the biochemical and topological effects of low power 
laser irradiation on bull sperm cells induced by LLLI. Post-thawing 
sperm were irradiated with a 633nm laser with powers of 5, 7.5 or 
10mW each during 1, 5 or 10 minutes. Biochemistry and metabolic 
effects were analyzed by FTIR, plasma and acrossomal membrane 
status and mitochondrial membrane potential by flow cytometry and 
reactive oxygen species (ROS) production. Morphological data were 
assessed by AFM. LLLI were able to induce changes on plasma 
and acrossomal membrane, ROS production, morphological and 
mitochondrial metabolism alterations depending on the power and 
time of irradiation. 5mW power irradiation increased injury on sperm 
cells plasma and acrossomal membrane and also was related to a 
lower percentage of cells with low mitochondrial membrane potential 
and a higher production of ROS, which probably caused damage to 
the membrane. 7.5mW increased the number of spermatozoa with low 
mitochondrial membrane potential, which decreased ROS production 
and consequently maintained membrane integrity. FTIR showed 
that lipids are inversely proportional to ROS generation and that the 
major biochemical changes are related to DNA and proteins. We can 
conclude that LLLI is an effective method to induce changes but more 
studies are necessary to establish an optimal dose to increase the 
fertility potential of sperm cells.

8092-24, Session 5

Pulsed-laser stimulation of the inner ear: a 
wavelength study
M. Schultz, Laser Zentrum Hannover e.V. (Germany); I. U. 
Teudt, G. I. Wenzel, Medizinsche Hochschule Hannover 
(Germany); W. A. Ertmer, Leibniz Univ. Hannover (Germany); T. 
Lenarz, A. Kral, Medizinsche Hochschule Hannover (Germany); 
A. Heisterkamp, Laser Zentrum Hannover e.V. (Germany)

The optical stimulation of the inner ear, the cochlea, for an improved 
dynamic range and frequency resolution of an acoustic hearing 
apparatus is under investigation. We present an in vivo study on seven 
hearing guinea pigs. For the first time, a tunable laser system delivering 
nanosecond pulses in the wavelength range from 420 nm to 2300 nm 
(ultraviolet to near-infrared) was used for the stimulation of the cochlea.

The goal of our study is to find the wavelength having the best 
efficiency in converting the laser pulse energy into apressure gradient 
within the cochlea, resulting in the greatest peak-to-peak amplitude 
of the measured compound action potential (CAP). Using this optimal 
wavelength, the applied energy and with it possible damage and photo 
toxicity will be reduced. Additionally by varying the wavelength, the 
absorption properties and the optoacoustic conversion will change 
resulting in a different CAP. For the first time, the cochlea activation 
with laser pulses was investigated as a function of wavelength and 
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related to optoacoustic stimulation due to hemoglobin and water 
absorption.

8092-25, Session 5

Monte Carlo simulation of photon way in 
clinical laser therapy
I. G. Ionita, G. Voitcu, Univ. of Bucharest (Romania)

Laser therapy of inflammatory diseases is very attractive, but the 
acceptance of this treatment method has been limited because of the 
legal rigors and needs scientific evidences. Most biological tissues 
strongly scatter the light within the visible and near infrared range. 
The multiple scattering of light can increase efficiency of treatment 
enlarging the treated area. The light absorption is essential for 
treatment while scattering dominates. This communication is dedicated 
to introduce multiple scattering effects using the Monte Carlo method 
for modeling light transport in tissue and finally to calculate the optical 
parameters. First time was to measure in-vivo radial dependence 
of diffuse reflectance during laser treatment. Second time was to 
simulate light propagation in real tissue using a live cells suspension 
as phantom tissue. Diffuse reflectance measurements were made on 
high concentrated live leukocyte suspensions in similar conditions as 
in-vivo measurements. The results were compared with the values 
determined by MC calculations, and the latter have been adjusted to 
match the specified values of diffuse reflectance. The principal idea 
of MC simulations applied to absorption and scattering phenomena 
is to follow the optical path of a photon through the turbid medium. 
The concentrated live cell solution is a compromise between 
homogeneous layer as in MC model and light-live cell interaction as 
in-vivo experiments. In this way MC simulation allow us to compute 
the absorption coefficient. The values of optical parameters, derived 
from simulation by best fitting of measured reflectance, were used 
to determine the effective cross section. Thus we can compute the 
absorbed radiation dose at cellular level.

8092-26, Session 5

Newly developed photon-cell interactive 
Monte Carlo (pciMC) simulation for non-
invasive and continuous diagnosis of blood 
during extracorporeal circulation support
D. Sakota, S. Takatani, Tokyo Medical and Dental Univ. (Japan)

We have sought for the non-invasive and real-time diagnosis of blood 
such as hematocrit, hemoglobin during the extracorporeal circulation 
support. To achieve the goal, the microscopic light scattering and 
absorption model of red blood cells (RBCs) under blood flow must 
be developed. Since the conventional Monte Carlo (MC) simulation 
expresses the RBC as a point in the space using a macro-scopical 
scattering expression such as an empirical anisotropy value and a 
phase function, it cannot quantify scattering changes as a function 
of RBC shape, orientation, and distribution in the flow. To overcome 
these problems, we have developed a photon-cell interactive Monte 
Carlo “pciMC” model for optical propagation through blood. “pciMC” 
actually describes 3-dimentional biconcave RBCs. The scattering 
is described by micro-scopical RBC boundary condition based on 
geometric optics. In this paper, we introduce the algorithm and the 
application for the non-invasive quantification of hematocrit and 
hemoglobin during a extracorporeal circulation support.

 We modeled the RBCs inside the extracorporeal circuit will line-up 
in the direction of flow. The RBCs’ orientation was defined as their 
long axis being parallel with flow direction. Simultaneously the RBCs 
were allowed to randomly rotate about flow direction. As a result, 
as flow rate increased, orientation rate increased and converged 
to approximately 20% at 1 L/min flow rate and over. And finally, by 
using this model, “pciMC” non-invasively and absolutely predicted 
hematocrit and hemoglobin at the accuracies of 0.97±0.7 [Hct%] and 
0.32±0.22 [g/dL] respectively against measurements by a blood gas 
analyzer.

8092-27, Session 6

Photoacoustic blood vessel detection 
during surgical laser interventions
J. Horstmann, U. J. Birk, A. Baade, R. Brinkmann, Univ. zu 
Lübeck (Germany)

Minimally invasive, laser assisted liver surgery has become 
accomplishable with the availability of lasers with an adequate 
performance in the NIR range. Despite the advantages of those 
interventions, the limited view for the surgeon also means a higher risk 
of perforating large blood vessels. Thus a real time vessel detection 
system for intraoperative use is desirable. A conceivable method on 
which this technique could be based on is photoacoustics.

Therefore, a pulsed probe laser with a wavelength strongly absorbed 
by blood and less by the surroundings is applied simultaneously with 
the treatment laser to excite thermoelastic expansion. A pressure wave 
is induced. It propagates through the tissue and can be detected at the 
surface (e.g. at the body surface) by an ultrasonic transducer.

Spectroscopic investigations have shown a high absorption contrast 
between hemoglobin (the main absorber in blood vessels to be 
detected) and the surrounding liver tissue at a wavelength of 532 nm.

Thus the acoustic signal after exciting hemoglobin will be much higher 
compared to the background signal.

In a first experimental setup, a liver phantom was produced. Ink in a 
polyethylene tube serves as blood vessel, ink in lower concentration 
outside the tube as liver tissue. The signal contrast between vessel

phantom and the environment was measured with a single element 
piezoelectric transducer. Furthermore, a numerical simulation 
concerning signal contrast and penetration depth was carried out. The 
results confirm each other and show that blood vessel detection up 
to a diameter of 2 mm and a distance of at least 1.6 mm is feasible. 
Information about the depths and geometry of the vessel can be 
deduced and passed to the surgeon.

8092-28, Session 6

1318nm-diode laser-supported partial 
nephrectomy in laparoscopic and open 
surgery: preliminary results of a prospective 
feasibility study
R. Sroka, Ludwig-Maximilians-Univ. München (Germany)

Introduction: Warm ischemia and bleeding during laparoscopic partial 
nephrectomy place technical constraints on surgeons. Therefore it 
was the aim to develop a safe and effective laser assisted partial 
nephrectomy technique without need for ischemia. 

Patients and methods: A diode laser emitting light at 1318nm in cw 
mode was coupled into a bare fibre (core diameter 600 µm) thus able 
to transfer up to 100W to the tissue. After dry lab experience, a total of 
13 patients (6 males, 7 females) suffering from kidney malformations 
underwent 5 open and 8 laparoscopic/retroperitoneoscopic partial 
nephrectomy. Clinically, postoperative renal function and serum 
c-reactive protein (CRP) were monitored. Laser induced coagulation 
depth and effects on resection margins were evaluated. Demographic, 
clinical and follow-up data are presented.

Results: Overall interventions, the mean operative time was 116,5 
minutes (range 60-175min) with mean blood loss of 238ml (range 
50-600ml) while laser assisted resection of the kidney tissue took max 
15min. After extirpation of the tumours all patients showed clinical 
favourable outcome during follow up period of min 6months The 
tumour size was measured to be 1.8 to 5cm. With respect to clinical 
safety due to blood loos, two warm ischemia (19 and 24min) must 
be performed. Immediate postoperative serum creatinine and CRP 
were elevated within 0.1 to 0.6 mg/dl (mean 0.18 mg/dl) and 2.1-10 
mg/dl (mean 6.24 mg/dl), respectively. The depth of the coagulation 
on the removed tissue ranged between <1 to 2mm without effect on 
histopathological evaluation of tumours or resetion margin. As the 
surface of the remaining kidney surface was laser assisted coagulated 
after removal. The sealing of the surface was induced by a slightly 
larger coagulation margin, but could not measured so far. Clinically 
during follow-up of up to 6 months, one patient developed an A-V 
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fistula needing embolization. 

Conclusion: This prospective in-vivo feasibility study shows that 
1318nm-diode laser assisted partial nephrectomy seems to be a safe 
and promising medical technique which could be provided either 
during open surgery as well as laparascopically. This application 
showed good haemostasis and minimal parenchymal damage. 
Oncological safety appears to be warranted by the use of diode 
laser. Further investigations and development are needed for on-
line detection of the remain coagulation margin, optimisation of the 
treatment equipment, and finally to train the application technique.

8092-29, Session 6

In vivo study of partial liver resection on 
pigs using a 1 .9 µm thulium fiber laser
D. Theisen-Kunde, Univ. zu Lübeck (Germany); H. Wolken, 
Univ. Schleswig-Holstein (Germany); V. Danicke, R. Brinkmann, 
Univ. zu Lübeck (Germany); H. Bruch, M. Kleemann, Univ. 
Schleswig-Holstein (Germany)

Introduction: Dissection of liver tissue can be performed by different 
techniques (ultrasound, mono- and bipolar dissection, water jet 
dissection and by stapler). In this animal study on pigs the potential of 
a Thulium fiber laser system was investigated for open parenchyma 
dissection.

Material and Methods: Based on a cw Thulium fiber laser (IPG laser 
GmbH, Burbach, Germany), emitting a wavelength at 1.9 µm and a 
maximal power at 50 W, a surgical dissection device was developed 
at the Medical Laser Centre Luebeck. Laser radiation (40 Watt) was 
transmitted via a 365 µm fiber with a polished distal fiber tip. Procedure 
was performed in contact mode;irradiance at the distal fiber tip was 
38.2 kW/cm2. After general anesthesia and a median laparotomy an 
atypical laser resection of the liver was performed in 3 pigs. Healing 
process was controlled after 2-3 weeks by histological analysis (H&E 
staining). The final evaluation data included total resection time, blood 
loss, bile leakage and mass of dissected tissue. All animals treated in 
this study were cared for in accordance to the European convention on 
animal care.

Results: In general thus dissection with the 1.9 µm laser radiation was 
easily performed. Hemostasis was highly sufficient, blood loss and bile 
leakage was negligible. Total resection time including hemostasis of the 
remaining tissue was 26 ± 12 min. Weight of resected tissue was 17 ± 
8 g. During survival period of 2-3 weeks no complications (bleeding or 
inflammation) occurred. After 3 weeks histology showed ongoing scar 
formation about 1 - 2 mm in depth of the dissected area.

Conclusion: The potential of a 1.9 µm laser system for liver resection 
was shown in this study. In comparison to other dissection methods 
more investigation are needed.

8092-30, Session 6

In vivo laser assisted end-to-end 
anastomosis with ICG-loaded chitosan 
patches
F. Rossi, P. Matteini, Istituto di Fisica Applicata Nello Carrara 
(Italy); G. Esposito, A. Scerrati, A. Albanese, A. Puca, G. Maira, 
Univ. Cattolica del Sacro Cuore (Italy); G. Rossi, Univ. degli 
Studi di Camerino (Italy); R. Pini, Istituto di Fisica Applicata 
Nello Carrara (Italy)

Laser assisted vascular repair is a new optimized technique based on 
the use of ICG-loaded chitosan patch to close a vessel wound, with 
or even without few supporting single stitches. We present an in vivo 
experimental study on an innovative end-to-end laser assisted vascular 
anastomotic (LAVA) technique, performed with the application of 
ICG-loaded chitosan patches. The photostability and the mechanical 
properties of ICG loaded chitosan films were preliminary measured. 
The in vivo study was performed in 10 New Zealand rabbits. After 
anesthesia, a 3-cm segment of the right common carotid artery was 
exposed, thus clamped proximally and distally. A full thickness cut 
across the artery was executed, then 3 single microsutures were used 

to approximate the two vessel edges. The ICG-loaded chitosan patch 
was rolled all over the anastomotic site and welded by the use of a 
diode laser emitting at 810 nm and equipped with a 300 µm diameter 
optical fiber. Welding was obtained by delivering single laser spots 
to induce local patch/tissue adhesion. The result was an immediate 
closure of the anastomosis, with no bleeding at clamps release. Thus 
animals underwent different follow-up periods, in order to evaluate 
the welded vessels over time. At follow-up examinations, all the 
anastomosis were patent and no bleeding signs were documented. 
Samples of welded vessels underwent histological examinations. 
Results showed that this technique offer several advantages 
over conventional suturing methods: simplification of the surgical 
procedure, shortening of the operative time, better re-endothelization 
and optimal vascular healing process.

8092-31, Session 6

Excimer laser debridement of necrotic 
erosions of skin without collateral damage
J. J. Wynne, IBM Thomas J. Watson Research Ctr. (United 
States); J. M. Felsenstein, Dermatologist (United States); R. 
Trzcinski, D. Zupanski-Nielsen, D. P. Connors, IBM Thomas J. 
Watson Research Ctr. (United States)

Pulsed ArF excimer laser radiation at 6.4 eV, at fluence exceeding the 
ablation threshold, will debride burn eschar and other dry necrotic 
erosions of the skin. Debridement will cease when sufficiently moist 
viable tissue is exposed, due to absorption by aqueous chloride ions 
(Cl-) through the non-thermal process of electron photodetachment, 
thereby avoiding collateral damage to the viable tissue.

ArF excimer laser radiation debrides/ablates ~1 micron of tissue with 
each pulse. While this provides great precision in controlling the depth 
of debridement, the process is relatively time-consuming. In contrast, 
XeCl excimer laser radiation debrides ~5 microns of tissue with each 
pulse. However the 4.0 eV photon energy of the XeCl excimer laser 
is insufficient to photodetach an electron from a Cl- ion, so blood 
or saline will not inhibit debridement. Consequently, a practical 
laser debridement system should incorporate both lasers, used in 
sequence. First, the XeCl excimer laser would be used for accelerated 
debridement. When the necrotic tissue is thinned to a predetermined 
thickness, the ArF excimer laser would be used for very precise and 
well-controlled debridement, removing ultra thin layers of material with 
each pulse. Clearly, the use of the ArF laser is very desirable when 
debriding very close to the interface between necrotic tissue and viable 
tissue, where the overall speed of debridement need not be so rapid 
and collateral damage to viable tissue is undesirable. Such tissue will 
be sterile and ready for further treatment, such as a wound dressing 
and/or a skin graft.

8092-32, Session 6

Optodynamic monitoring of laser tattoo 
removal
M. Jezersek, Univ. of Ljubljana (Slovenia); L. Grad, Fotona d.d. 
(Slovenia); T. Po?ar, Univ. of Ljubljana (Slovenia); B. Cencic, 
I. Bacak, Fotona d.d. (Slovenia); J. Mozina, Univ. of Ljubljana 
(Slovenia)

Removal of intradermal tattoos embedded in human skin has become 
very successful when Q-switched lasers in the visible and near IR 
where introduced as the primary modality. However, the therapy 
still involves multiple treatment sessions and occasional permanent 
tissue damages. The goal of this research is to use the information 
contained in the mechanisms occurring during laser tattoo removal 
process. For this reason we employed a fast laser beam deflection 
probe (BDP) which measures the cracking sound that originates from 
the dye explosions in the process know as selective photothermolysis. 
We used the laser QX MAX manufactured by Fotona which features 
maximum fluence of 12.7 J/cm2 with a spotsize up to 8 mm diameter. 
It operates at 1064 nm, 532 nm, 650 nm and 585 nm delivering 6 ns 
FWHM pulses with a top hat profile through a 7-mirror articulated arm. 
The experiments were performed in vitro (skin phantoms), ex vivo 
(marking tattoos in pigs ears) and in vivo (professional and amateur 
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decorative tattoos in several patients). The signals obtained with 
the BDP where correlated to the images taken with a camera in the 
visible range during the laser-tissue interaction. The BDP optoacoustic 
fingerprint clearly shows the arrival of several shock/acoustic waves 
passing the probe at various arrival times. This signal includes the 
information about the energy released during the interaction, specific 
for different skin and tattoo conditions. This is fundamental for further 
development of a monitoring system, which will inform the operator 
with the optimal laser parameters.

8092-33, Session 6

Fat tissue histological study at NIR laser 
treatment of the human skin in vitro
I. Y. Yanina, N.G. Chernyshevsky Saratov State Univ. (Russian 
Federation)

The goal of this work is to analyze histological slices of skin samples 
with the subcutaneous adipose tissue after laser irradiation at different 
doses. 

In the experiments, samples of human skin with subcutaneous tissue 
thickness of 1.5-2.5 cm, learned after surgery the patient (woman, 58-
year old). The source used a diode pumped solid state laser (808 nm). 
Power density 100 - 300 mW/cm2. Time duration of exposure 0.5 - 8 
min. 

The tissue samples were irradiated by laser. Optical fiber was 
perpendicular to the tissue surface. Sample fixation was carried out 
by 10% solution of formaldehyde for histological examination. After 
fixation histological slides were prepared and stained by hematoxylin-
eosin according to standard technique. After fixing the slices was 
made 5-7 microns were analyzed. Samples of human skin with 
subcutaneous tissue were cut across all layers.

In preparations plot marked destruction of irregular shape is 
determined, in which the boundaries between the cells of the 
epidermis erased, cell nuclei are fragmented when regimes 1.5 W, 
8 min, and more. There is marked desquamation of the stratum 
corneum in these samples. In the dermis can be seen marked signs of 
destruction of connective tissue: homogenization and swelling of the 
fibers, the destruction of the cell nuclei. 

In preparations the signs of skin damage are expressed to a much 
lesser extent when regimes 1.5 W, 1.2 min or less. Major changes are 
localized in the dermis and presented by swelling of connective tissue 
fibers without their destruction. 

The smallest changes were observed with minimal impact (1 W, 0.5 
min). 

Changes of the subcutaneous adipose tissue were not observed.

The data obtained are important for safe layer-by-layer dosimetry of 
laser irradiation used in the treatment of obesity and cellulite.

8092-34, Session 6

Dependence of ablation depth on incident 
angle for bony tissue ablation using pulsed 
CO2 laser
Y. Zhang, Karlsruher Institut für Technologie (Germany); J. 
Burgner, Vanderbilt Univ. (United States); J. Raczkowsky, H. 
Wörn, Karlsruher Institut für Technologie (Germany)

While using a laser to cut bony tissue, it is difficult to guarantee, that 
the laser beam is always perpendicular to the tissue surface. Therefore, 
it is necessary to know the dependence of ablation depth on incident 
angle for preoperative planning. Previous works have shown that the 
ablation depth will decrease with increasing incident angle. However, 
no systematic experiments on this dependence have been reported 
and no papers have been focused on bone tissue.

Considering the propagation of the ablation front, an Addition Model 
is derived in this work. It indicates that the shape of a crater ablated 
by a single pulse with non-zero incident angle can be regarded as 
the sum of the original tissue surface and the surface profile of the 
reference crater ablated by perpendicularly incident beam with the 
same laser parameters. Meanwhile, the ablation depth at a point P is 

defined as the distance from P to the original tissue surface along the 
optical axis of the incident beam, instead of the perpendicular distance 
from P to the original tissue surface. In the context of this definition, 
the dependence is experimentally studied. Craters are ablated with 
different incident angles on manually polished fresh bovine compact 
bone specimens with the same laser parameters, so that the incident 
angle is the only changing factor. Their depths are analyzed by 
means of three-dimensional surface measurement using a confocal 
microscope with the identical optical axis as the incident beam. The 
conclusion indicates that the ablation depth is independent of incident 
angle for the angles less than 30°.

8092-35, Session 7

Study of light scattering and transparency in 
human edematous corneas and application 
to corneal grafts
T. Marciano, D. Peyrot, F. Alahyane, C. Crotti, L. Kowalczuk, K. 
Plamann, Ecole Nationale Supérieure de Techniques Avancées 
(France)

The optical properties of the cornea have been a great subject of 
interests for many years. Several studies tried to explain with more 
or less success the optical transparency of this tissue. Maurice 
demonstrated in a very elegant way during the 50s that this optical 
transparency could be explained by the ultrastructure of the cornea. 
When becoming edematous, the cornea sees a modification of its 
ultrastructure, and the tissue comes to be a scattering medium. 

With the emergence of ophthalmologic surgery by ultrashort pulse 
lasers in the last years, a regain of interest to the subject of corneal 
transparency arose. However, relatively little and no recent data of 
transparency spectra measurements covering a large wavelength 
range is available in the literature. 

By measuring the transmittance of a collimated light source through 
cornea of different thickness and different degree of edema, we could 
calculate precisely the scattering of the tissue and the penetration 
depth into it as a function of the wavelength. What we see from the 
results obtained is that within the window of transparency between 
1.6µm and 1.8µm, the light experiences little scattering.

We also propose a simple way for the eye bank to quantitatively 
measure the degree of transparency of corneal grafts by measuring 
the modulation transfer function of a Siemens star viewed through 
a corneal graft. This would permit to discriminate between different 
corneas whose macroscopic transparencies seem close to the 
surgeon.

8092-36, Session 7

Comparative studies of UV laser ablation 
effects on intraocular lenses
E. Spyratou, C. Bacharis, G. Zoulinakis, National Technical 
Univ. of Athens (Greece); E. Tsaousi, Univ. of Ioannina 
(Greece); T. Stroumpinis, National Technical Univ. of Athens 
(Greece); I. Asproudis, Univ. Hospital of Ioannina (Greece); M. 
I. Makropoulou-Loukogiannaki, A. A. Serafetinides, National 
Technical Univ. of Athens (Greece)

In modern IOLs fabrication, new diffractive multifocal lenses have 
been developed, providing good distant and near vision. The aim of 
this study is to investigate qualitatively the effect of UV laser light on 
several IOL’s polymer material physical and chemical properties during 
laser ablation. Ablation experiments were conducted on intraocular 
lenses by using UV excimer laser radiation (λ=193 nm) and UV solid 
state laser radiation, i.e. the 4th and 5th harmonic of a Q-switched 
Nd:YAG laser (λ=266 nm and λ=213 nm respectively). The morphology 
of the ablated IOL surface was examined with scanning electron 
microscopy (SEM) and atomic force microscopy (AFM), at various 
numbers of laser pulses. From our IOL laser surfacing qualitative 
results we observed the following: the growth of cones in the craters of 
PMMA intraocular lenses that were irradiated with a 193-nm excimer 
laser, and the periodic ripple formation in acrylic intraocular lenses 
that were irradiated with a 266-nm Nd:YAG laser. The cones appear in 
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the bottom and around the crater walls and are oriented vertically to 
the bottom of the crater. The photochemical, photomechanical and/
or photothermal nature of the bond scission in polymer laser ablation 
processes was argued. The UV laser ablation effects depend on the 
identity of polymers and the experimental conditions such as laser 
fluence, wavelength, and number of pulses. The interaction of the 213-
nm Nd:YAG laser radiation with the polymeric material of IOL’s is under 
investigation, as this laser source is considered a good alternative to 
193-nm wavelength.

8092-37, Session 7

Automatic optoacoustic dosimetry control 
for retinal photocoagulation
K. Schlott, Medizinisches Laserzentrum Lübeck GmbH 
(Germany); S. Koinzer, Univ. Schleswig-Holstein (Germany); L. 
Ptaszynski, A. Baade, M. Bever, Medizinisches Laserzentrum 
Lübeck GmbH (Germany); J. Roider, Univ. Schleswig-Holstein 
(Germany); R. Birngruber, Medizinisches Laserzentrum Lübeck 
GmbH (Germany); R. Brinkmann, Univ. zu Lübeck (Germany)

´Laser photocoagulation is the gold standard treatment for many 
retinal diseases like macula edema and diabetic retinopathy. The 
individual pigmentation of the fundus tissue is unknown. Thus the 
same laser parameters lead often to irregular or too strong lesions, 
pain, damage of the Bruch’s membrane or even bleeding. So far the 
parameters are chosen by experience and post treatment evaluation of 
previously applied lesions. The Arrhenius theory describes the onset of 
coagulation as a function of temperature and time. The temperature is 
the more crucial parameter for coagulation onset. Optoacoustics allow 
monitoring of the temperatures during laser heating in real-time. Short 
probe laser pulses are applied onto the same spot as the treatment 
laser to excite pressure waves. They are detected by an ultrasonic 
transducer, which is embedded into the contact lens. The amplitude 
of the transients can be converted to temperatures. The optoacoustic 
measurements show significantly lower temperatures at the 
coagulation threshold than in those so far published. New Arrhenius 
parameters were gained. The measurement of temperatures on porcine 
eyes ex vivo and rabbit eyes in vivo were analyzed during irradiation 
and an algorithm could be found to predict the onset and strength of 
the lesion. By using this algorithm as a feedback to the treatment laser, 
it can automatically be shut off after the desired lesion strengths are 
reached. Although different laser powers were used, equally sized, 
uniform soft lesions could be achieved by automatic shut down after 
the calculated irradiation time. First temperature measurements on 
patients were achieved. It seems possible that the automatic control 
can be adjusted and used on patients.

8092-38, Session 7

Investigations of laser-induced micro bubble 
cluster dynamics in RPE/retinal phantoms
A. Fritz, A. Zegelin, L. Ptaszynski, R. Birngruber, R. Brinkmann, 
Medizinisches Laserzentrum Lübeck GmbH (Germany)

Selective retina treatment (SRT) is a laser based method to treat retinal 
diseases associated with disorders of the retinal pigment epithelium 
(RPE) while preserving photoreceptors and choroid. Applying 
microsecond laser pulses transient micro bubbles are generated at 
the 100-200 strongly absorbing melanin granules inside the RPE cells 
induces which disrupt the cells. Understanding the bubble dynamics 
helps to determine the damage range in ocular tissue as a function of 
laser pulse duration in order to minimize the collateral damage during 
SRT.

Bubble dynamics were investigated in vitro on porcine RPE explants. 
A 200 µm thick layer of agarose gel was applied to simulate the 
mechanical properties of retina. Different laser pulse durations from 
3 ns (532 nm, Nd:YAG) to 1.7 µs (527 nm, Nd:YLF) were used. The 
bubbles were investigated interferometrically (fiber interferometer @ 
830 nm) and with fast flash photography (25 ns flash duration). Bubble 
sizes, velocities and lifetimes were measured.

The results show that with retina phantoms the bubble formation 
threshold radiant exposure is 2.5 times higher (610 mJ/cm²) than 

without retina phantom (255 mJ/cm²) for 1.7 µs laser pulses. Using 3 
ns laser pulses the threshold radiant exposure increased only by 20% 
with the retinal model (100 mJ/cm² vs. 85 mJ/cm²). Irradiation twofold 
over bubble formation threshold resulted in 3.5 times longer bubble 
lifetimes (and thus sizes) for µs laser pulses but only a twofold increase 
for ns pulses. This might lead to a wider therapeutic window and is in 
good agreement with in-vivo rabbit eye results.

8092-39, Session 7

Accuracy of real-time optoacoustic 
temperature determination during retinal 
photocoagulation
A. Baade, K. Schlott, S. Luft, L. Ptaszynski, M. Bever, R. 
Birngruber, R. Brinkmann, Medizinisches Laserzentrum Lübeck 
GmbH (Germany)

Retinal photocoagulation is an established treatment for various retinal 
diseases, such as diabetic retinopathy and macula edema. However, 
biological parameters such as local pigmentation differences and 
individually varying eye transmission result in different temperature 
evolutions during the treatment even with identical laser parameters. 
Optoacoustics can be used to measure the individual temperature rise 
at the site of the absorbers with short laser pulses. 

This project aims to investigate the accuracy of temperature monitoring 
during retinal photocoagulation by optoacoustics.

A pressure-temperature calibration was conducted on whole 
enucleated porcine eyes that were heated from rear by an infrared laser 
beam (wavelength=937 nm) collimated to a diameter of 18 mm. From 
the calibration curve, the error of the temperature determination in the 
temperature region of 37°C to 60°C was found to be ±2.6°C.

During photocoagulation the spatial temperature profile changes 
significantly with time, laterally from a top hat to an almost gaussian 
profile after 100 ms. Calculations were performed to simulate the 
temporal, spatial and axial temperature profile of irradiated spots and 
to convert the mean temperature in the irradiated volume into the peak 
temperature that occurs at the center of the irradiated area.

This conversion of the mean to the peak temperature was examined 
by heating the retina of porcine eyes with a cw Nd:YAG laser 
(wavelength=532 nm) while measuring the mean temperature of the 
center region (diameter 100 µm) of an irradiated area (diameter 500 µm) 
and comparing it to the mean temperature acquired over the whole 
spot. First results indicate that the experimentally examined conversion 
factor is in good agreement with theoretical predictions.

8092-40, Session 8

High-power, diode-pumped Er:YAG lasers 
for soft and hard tissue applications
A. Heinrich, Pantec Biosolutions AG (Liechtenstein); C. 
Hagen, Pantec Engineering AG (Liechtenstein); A. Vizhanyo, P. 
Krammer, S. Summer, S. Gross, C. Böhler, T. Bragagna, Pantec 
Biosolutions AG (Liechtenstein)

A high power, diode-pumped Er:YAG laser platform is presented, the 
side-pumping by qcw laser diodes allows for easy power scalability 
shown by one laser system with 2 W for soft tissue applications and 
another with 15 W for hard tissue applications.

A portable fractional ablative laser system based on a miniaturized 
diode-pumped Er:YAG laser is presented. The device can operate at 
repetition rates up to 500 Hz and has an incorporated beam deflection 
unit. It is smaller, lighter and cost efficient compared to systems based 
on lamp-pumped lasers. Furthermore the new pulse parameters enable 
a variety of applications in dermatology and in general medicine.

A diode-pumped Er:YAG laser for hard tissue applications is presented. 
The high repetition rate with up to 15 W average output power, allows 
treatments otherwise not feasible with low repetition rate, lamp-
pumped lasers. The variable pulse duration of 10 to 200 µs combined 
with the good beam quality ensures precise and fast treatment.
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8092-41, Session 8

Femtosecond laser: the finest tool for hard 
tissue ablation
I. G. Ionita, Univ. of Bucharest (Romania); M. Zamfirescu, 
National Institute for Lasers, Plasma and Radiation Physics 
(Romania)

Summary

1. Introduction

Femtosecond lasers development in recent years has brought to the 
attention of researchers in laser dentistry treatment because:

- Efficiency high tissue ablation;

- minimum collateral damage.

Conventional lasers tend to produce a local increase in temperature 
and a shock wave in the tooth. These two effects cause the 
patient pain. By reducing the pulse duration and increasing pulse 
power change mechanism of laser-tissue interaction. In ultra-short 
interactions manifests an electrostatic ablation mechanism, in which 
very intense electric field achieved by focusing the beam on the 
surface pulls a cloud of electrons first and then a layer of ions. The 
affected area is very small, ions are ejected at high speed so that the 
heating in the surrounding material is extremely low. Changing the 
mechanism of thermal ablation in plasma electrostatic mechanism 
leads to morphological changes of the tooth, without collateral tissue 
damage and material removal with reduced fluency required.

In this study we present the results of dental enamel and dentin 
ablation and mandible using femtosecond laser pulses. Ablation 
threshold was measured. Ablation in teeth and bone volume was 
characterized using optical microscopy, electron microscopy and 
profilometer.

2. Materials and methods

2.1. Laser irradiation set-up

For femtosecond laser irradiation we used Clark system with the 
following characteristics:

- pulse duration of 150 fs

- wavelength of 775 nm

- pulse repetition frequency of 2 kHz

- average power of 800 mW,

- pulse energy of 400 µJ.

Energy pulses in the sample can be adjusted using a system of 
computer-controlled polarizing plates. For different angular positions of 
the blade to get the desired range of average power. In Table 1 shows 
the average power values used scales and calculated fluence in lens 
focus.

The effect of ablation is possible for focusing the laser beam on the 
sample, only because it produces high intensity. We focused a laser 
beam with an achromatic lens with focal length 75 mm. By using a long 
focal length lens I was able to protect the lens optical surface of the 
inevitable deposition of organic material ablation, which occurs when 
using microscope objectives. The waist of beam in the focus was 13 
µm.

2.2. Observing and measuring the dimensions of the structures created

We made observations and measurements using:

- Optical microscope camera AxioCam Zeiss Axio Lab1 ICc1 with 5x 
and 20x objectives. The optical microscope has not a great depth of 
field, even using diaphragms, so that clear images are obtained only 
relatively small portions. 

- TESCAN scanning electron microscope at accelerating voltage of 20 
kV in SE mode. This equipment is able to rotate and tilt it up sample to 
50 degrees. Electron microscope has the great advantage of the depth 
of the image, so that the image obtained is clear even in large areas 
where the tooth drum can reach 1-2 mm. 

2.3. Samples

There were two categories of samples:

- Dental, premolar teeth healthy adult, older and freshly extracted. On 
each tooth experiments were done on both the enamel and dentin 
cement. Freshly extracted teeth were stored in saline until the time of 
exposure.

- Bone fragments of mandible, dried and fresh.

The lower jaw is the hardest bone in the skull. Hardness is given by the 
density of bone material around the edge.

3. Measurements and results

We present images of some structures created on teeth.

Figure   

Cementum 40 mW Smalt 40 mW

4. Method for determining the ablation threshold when teeth

We have plotted the square width of grooves versus logarithm of 
fluence and then fitted experimental data with a line. The threshold 
value was determined from fitting parameters.

Tooth number dentine enamel Enamel/dentine

1 0.14 1.57 11.62

2 0.68 0.13 0.20

3 0.67 0.79 1.18

4 0.47 1.60 3.43

5 0.09 0.63 6.85

6 0.41 1.26 3.05

7 0.18 0.62 3.35

8 0.64 1.76 2.77

Average threshold fluence (J/cm2)) 0.41 1.05 2.55

Figure 

The average fluence for different teeth

Bone Fth (J/cm2)

Area 1 1.15

Area 2 1.28

Area 3 2.92

Area 4 3.08

Area 5 (tooth) 2.33

Area 6 0.92

Figure 

The average threshold fluence determined on different area of 
mandible bone

6. Discussion

The jaw threshold values of fluence on identical areas to the hardness 
of bone have similar values 1.15, 1.28, 2.92 J/cm2. Dental enamel is a 
more accurate fitting and the threshold is reasonable.

But in general the ablation threshold values are close to each other, as 
an order of magnitude between dental hard tissue (enamel) and hard 
bone, and very small compared with other types of lasers.

8092-42, Session 8

Focal spot shaping for femtosecond laser 
pulse photodisruption through turbid media
A. Hansen, T. Ripken, A. Heisterkamp, Laser Zentrum 
Hannover e.V. (Germany)

In ophthalmology, focussed femtosecond laser pulses are applied in 
ophthalmic tissues to create an optical breakdown and therefore a 
tissue dissection through photodisruption. The threshold energy for 
the optical breakdown depends on the photon density in the focal 
volume which can be influenced by the pulse length, the pulse energy, 
or the size of the focal volume. For an application in the posterior eye 
segment the aberrations of the anterior eye elements cause a distortion 
of the wavefront and therefore an increased focal volume which 
reduces the photon density and thus raises the threshold energy. An 
adaptive optics system was designed to determine and compensate 
for aberrations in eyes and thus reduce the size of the focal volume. 
The influence of adaptive optics on lowering the threshold energy 
by refining a distorted focus was investigated using time-resolved 
photography. Aberrations were artificially introduced to the system by 
placing a water filled cuvette in the beam path with water as a model 
eye substance. The aberrations were measured and compensated for 
using the adaptive optics system. The resulting cavitation bubble of 
the photodisruption process in water was imaged for the case of an 
aberrated wavefront and for the aberration corrected case. A reduction 
of the threshold energy could be shown when using adaptive optics. 
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The lowered threshold energy allows for tissue dissection with reduced 
peripheral damage. This offers the possibility for moving femtosecond 
laser surgery from corneal or lental applications in the anterior eye to 
vitreal or retinal applications in the posterior eye.

8092-43, Session 8

Plasmonic targeting of cancer cells using 
single femtosecond pulses
L. Minai, L. Golan, G. Bisker, D. Yelin, Technion-Israel Institute 
of Technology (Israel)

Owing to their unique optical properties, gold nanoparticles find 
a wide range of applications in biomedicine, including nonlinear 
microscopy, single molecule sensing, DNA sequencing and targeted 
therapy. Illuminated by femtosecond pulses of high peak intensities at 
their plasmonic resonance, gold nanoparticles can strongly influence 
their close environment by the induction of various processes such 
as thermally generated shock waves, multiphoton ionization, and 
the generation of low density plasma. Recently, targeting cancerous 
tumors in animals was demonstrated using a combination of gold 
nanorods or nanoshells and laser irradiation at the near infra-red 
wavelength. 

In this work we experimentally demonstrate the destruction of cancer 
cells targeted via gold nanospheres by their irradiation with only 
a few intense femtosecond pulses at wavelengths that are tuned 
to the plasmonic resonance of nanospheres. The 20 nm diameter 
nanospheres were conjugated to anti-EGFR antibody and were added 
to the growth medium of epidermoid carcinoma A431 cell culture. 
Cells were washed off unbound nanoparticles, and then illuminated 
by a series (1000 Hz repetition rate) of pulses of 50 fs duration, at 
peak intensity of approximately 7.13X1011 W/cm2 and at 550 nm 
wavelength, which corresponds to the plasmonic resonance of the 
nanospheres. Even after a single pulse, cell necrosis was clearly 
noticeable. Cell cultures irradiated with four and sixteen pulses showed 
widespread necrosis as well as the formation of multi-nuclei cells that 
underwent necrosis at a later stage. The presented technique could be 
useful for effective targeting of superficial tissue and other cancers that 
are easily accessible using visible wavelengths.

8092-44, Session 8

New compact femtosecond laser source for 
penetrating keratoplasty at 1 .65 µm
C. Crotti, F. Deloison, D. A. Peyrot, Ecole Nationale Supérieure 
de Techniques Avancées (France); F. Aptel, Hopital Edouard 
Herriot (France); F. Alahyane, L. Kowalczuk, T. Marciano, K. 
Plamann, Ecole Nationale Supérieure de Techniques Avancées 
(France); M. Savoldelli, J. Legeais, Hôpital Hôtel Dieu (France)

Femtosecond laser surgery in the volume of corneal tissue at a 
wavelength of about 1 µm gives excellent results on transparent 
corneas. However, it is still difficult in the case of oedematous or 
pathological corneas as the propagation of the laser beam is perturbed 
by optical scattering. Our studies suggest that this phenomenon can 
be greatly reduced by using a better suited laser wavelength and 
seems locally minimized at 1.65 µm. 

Currently, no compact femtosecond laser at this wavelength is 
commercially available. We have developed a new simple, compact 
and stable laser source consisting of a non linear crystal pumped by 
a solid-state laser emitting at 1.03 µm in a configuration of an Optical 
Parametric Generator (OPG). A series of ex vivo penetrating incisions 
using an energy of a few microjoules on corneal tissues have been 
performed while varying the wavelength from 1.45 µm to 1.7 µm. The 
results have been compared to experiments performed at 0.8 µm 
and 1 µm. The use of longer infrared wavelengths around 1.65 µm 
for femtosecond laser keratoplasty significantly improves the quality 
and the penetration depth of incision in case of pathological tissues, 
without inducing any additional side effects.

8092-45, Session 8

Interaction dynamics of FS-laser-induced 
cavitation bubbles and its impact on 
the laser/tissue interaction of modern 
ophthalmic laser systems
N. Tinne, Laser Zentrum Hannover e.V. (Germany); H. 
Lubatschowski, Rowiak GmbH (Germany); A. Heisterkamp, T. 
Ripken, Laser Zentrum Hannover e.V. (Germany)

The presented study describes systematic experimental investigations 
of the dynamics of two temporally separated laser-induced cavitation 
bubbles. In the last few years the interactions between the cavitation 
bubbles, generated by the laser-tissue interaction, have become 
very important in the context of medical and especially ophthalmic 
laser applications like the LASIK procedure. Whenever high repetition 
rate ultra short laser pulses are used to disrupt tissue in a liquid 
or biological environment, cavitation bubbles are produced, which 
interact with the surrounding tissue as well as with each other.

Until recently, fs-laser systems with relatively low repetition rate (kHz 
regime) and relatively high pulse energy (> 1 µJ) have been used in 
clinical application. A steady increase in the repetition rate of clinical 
laser systems, along with lower applied pulse energies, has resulted in 
a significant reduction in treatment duration. The interaction between 
single laser pulses and biological tissue has been studied extensively, 
but the interaction of cavitation bubbles generated by laser pulses 
which are spatially and temporally separated has scarcely been studied 
yet. For that reason we studied the interaction of two temporally 
separated cavitation bubbles. Three regimes were regarded using a 
pulse picker with different delays: Focusing a second laser pulse (i) into 
the plasma generated by the first pulse, (ii) into an existing cavitation 
bubble and (iii) into a persisting gas bubble.

The cavitation bubble dynamics and the interaction mechanisms 
were examined by time-resolved photography. The analysis of fast 
dynamic phenomena using time-resolved photography is permitted 
by sectioning the process in specific events. By changing the delay of 
the flash lamp spark in respect to the laser pulses, images at different 
stages during the bubble oscillation are recorded. Concluding, the 
dynamics of expanding and collapsing cavitation bubbles can be 
reconstructed and illustrated by lining up single frames of different 
bubbles at subsequent delays. The results of this study are of great 
interest for the prospective optimization of the surgical process with 
high-repetition rate femtosecond lasers (> 1 MHz).
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