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Medical Diagnostic



Bio-Photonics

The term Bio-Photonics denotes a combination of biology and
photonics, with photonics being the science and technology of
generation, manipulation, and detection of photons, quantum units of
light. Photonics is related to electronics in that it is believed that
photons will play a similar central role in future information
technology as electrons do today.

Bio-photonics has therefore become the established general term for
all techniques that deal with the interaction between biological items
and photons. This refers to emission, detection, absorption,
reflection, modification, and creation of radiation from bio-molecular,
cells, tissues, organisms and biomaterials. Areas of application are
life science, medicine, agriculture, and environmental science.

http://en.wikipedia.org/wiki/Biophotonics
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Enhancement of back-
scattering



Coherent back-scattering
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Coherent backscattering 
analysis

Distributions of backscattered intensity in the image plane for 
different orientations of the studied sample with respect to 
polarization plane of laser beam
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Diffusing Wave Spectroscopy (DWS)
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DWS principles



Gel dynamics
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DWS experimental approach

1 - laser; 2 - skin; 3 - APD, autocorrelator & PC
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Why DWS?
• Doppler ultrasound � long acoustic wavelength required for 

deep tissue penetration limits spatial resolution to 200 �m
• Capillaroscopy requires the tissues to be thin enough (less 

than 400 �m) to be transilluminated
• Confocal microscopy can only be collected at a fraction of the 

normal video rate; law scattering
• Conventional and magneto resonance angiography

provides the information mainly about large blood vessels 
(coronary artery, etc.)

• Laser Doppler Flowmetry (LDF) � strong scattering in tissue 
limits spatially resolved flow measurements; provide only an 
average characteristic of the skin blood flow (perfusion); an
understanding of which vascular bed is primarily responsible 
for the detected signal is required  

• ODT and CDOCT are highly sensitive to movement of
measured object; an inability to quantify flow at resolution 50
�m or less, and/or in small vessels, where the blood flow is less
than ~ 100 �m/sec.



Experimental approach

Meglinski, Boas, Yodh, Chance



Experimental Results
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Experimental Results

Meglinski, Tuchin (2001)





Laser Doppler or LASCA 
skin blood imaging



Results of simulation

Fiber optic probe



Siegert´s relation
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Einsteins theory describes 
the electric field correlation 

function, g1(t).

DWS/PCS experiments 
probes the intensity

correlation function g2(t).

I(t)=E(t) E*(t)
+

Gaussian approximation



Polarisation vector MC model

Polarisation vector

Co- and cross-polarised components

Rayleigh factor



Polarization Algorithm

Kuzmin, Meglinski, Churmakov (2005) Optics & Spectroscopy



Polarisation

Co-polarised (�) and Cross-polarised (�) components as a function 
of the number of scatterings n for different anisotropy factors: a) g 
= 0, b) g = 0.5, c) g = 0.9. Semi-infinite medium. Infinite detector 
with NA = 0.





Results of Simulation

Meglinski, et al., Proc. Roy. Soc. A (2005)
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Milne-type solution MC results

Isotropic 4.227.. (van Rossum, 
Nieuwenhuizen 1999) 4.22 � 0.05

Anisotropic 4.88, g�1 (Amic, et al. 1996) 4.6 � 0.2, g = 
0.9

Rayleigh,
Polarized
component

3.05 (Amic, et al, 1997; Kuzmin, 
Aksenova, 2003) 3.05 � 0.05

Rayleigh,
De-polarized
component

1.59 (Amic, et al, 1997; Kuzmin, 
Aksenova, 2003) 1.55 � 0.05

Validation



Polarisation

Depolarisation factor DP(n) for different anisotropy factors: (�) g = 0,
(�) g = 0.5, (�) g = 0.9. Dashed line is the theoretical predictions
(Akkermans, et al., J. Physics France, 1988).



Validation

Kuzmin, Churmakov, Meglinski (2005)
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Polarization Algorithm

Kuzmin, Meglinski, Churmakov (2005) Optics & Spectroscopy



Results of Simulation



Meglinski, Tuchin (2004)

Results



Summary

The experimental results clearly show that DWS approach can be used in
monitoring of average characteristics of red blood cells under multiply
scattering regime. The experimental results presented above also well
illustrate the sensitivity of the method in its control of the particles
structure change. This opens wide possibility of practical use of DWS in
biomedical diagnosis for monitoring of blood flow and microcirculation,
oxygenation and blood biochemical characteristics.



Challenges and the needs of Bio-Medicine



OCT and PS OCT



Polarisation vector MC model

Polarisation vector

Co- and cross-polarised component

Rayleigh factor

PS-OCT MC model



OCT Monte Carlo

Results of PS-OCT MC model for a finite slab of different Optical 
Density (OD) - 2�sd: a) OD = 2, b) OD = 8, c) OD = 12. 
Optical parameters: �s = 6.2 �m, g = 0.85, n = 1.33.



Results of PS OCT Images Simulation

Meglinski, et al, Optics Letters (2008)



PS OCT Images ExperimentPS OCTes Experiment



3 �m 5 �m

OCT images of skin for various coherence 
lengths: 3, 5, 15, 30 microns
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OCT Images Simulation - Speckles



Phase retardation patterns for 12-layer birefringent media (tendon model): a 
– plane layers, b – non-plane layers 

PS OCT images



Summary



Acknowledgements

EPSRC and BBSRC, UK
The Royal Society, UK

The Royal Academy of Engineering, UK
NATO

LaserLab, Europe
European Commission, EU

CRDF, USA
and 

British Council, UK


