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Research activity of the group 
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To integrate high-quality fundamental and applied 
science with transfer of technologies 

• structural and functional imaging of the eye 
• development of novel approaches in microscopy 
• optical studies of neuronal functions 
• light propagation in scattering media 
• new methods of data analysis 



Optical Coherence Tomography 

c = 300000 km/s 

vs = 1.5 km/s 

c = 200000·vs 

Biomolecular electrodynamic interactions for future nanoelectronics and photonics – Brussels, April 29, 2013  

Interferometric technique is 
necessary 

• measures echo time delays of light 
backreflected / backscattered from 
internal structures of the object 

Presenter
Presentation Notes
Tutaj będzie ze OCT działa jak ultrasonografia ze impulsy sa odbicia
Ale za duza szybkosc swiatla i trzeba uzywac metod interferometrycznych




Optical Coherence Tomography  

Huang et al., Science, 254, 1178-1181, (1991). 

1D: A-Scan 
Axial (Z) Scanning 
No scanning with  
Fourier Domain OCT 

2D: B-Scan 
Axial (Z) Scanning 
Transverse (X) Scanning 

3D: Volumetric 
Axial (Z) Scanning 
XY Scanning 

Backscatter Intensity 

Axial Scanning (Depth) 
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Time-domain Optical Coherence Tomography 
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Fourier-domain Optical Coherence Tomography 

Spectral OCT 
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Fourierowska detekcja w OCT w praktyce 

Spectral OCT 

Biomolecular electrodynamic interactions for future nanoelectronics and photonics – Brussels, April 29, 2013  



Object 
Light 

source 

Reference mirror 

Spectrometer 

I 

λ 

Wide spectrum 
- 

Short pulses 

Fourier-domain Optical Coherence Tomography 

Spectral OCT 
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Fourier-domain Optical Coherence Tomography 

Spectral OCT 
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Fourier-domain OCT with swept laser source 
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Fourier domain OCT  
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Interdisciplinary approach  
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Development of OCT technology requires integration 
of different  fields including: 
 
• laser physics  
• optical system design 
• biophysics 
• high-speed electronics 
• data processing and signal analysis 
• clinical studies 

Presenter
Presentation Notes
Niezaleznie od NA
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Biomedical imaging techniques 
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Retinal and Choroidal Imaging 
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Retinal imaging 
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trep = 60 µs 
16,7 kA-scans/s 
10000 A-scans 
0,6 s 

M. Wojtkowski et al., Ophthalmology 112 (10), 1734-1746, 2005 



OCT as optical biopsy 
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Incident light 
internal limiting membrane 

nerve fiber layer 

ganglion cell layer 

inner plexiform layer 

inner nuclear layer 

outer plexiform layer 

outer nuclear layer 

outer limiting membrane 

photoreceptors 

retinal pigment epithelium 

choroid 



Imaging in clinical practise 
System performance:  
Axial resolution: 
3.5um 
Transverse resolution: 
15um; 
Line rate: 23kHz  

Retinal detachment 

Macular hole 

Age related Macular Degeneration 
Photoreceptor Atrophy Vitroretinal traction 

Central Serous Retinopathy 
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B. L. Sikorski,  et al., Ophthalmology, 2011 

Drusen / AMD 
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Anterior Segment Imaging 
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M. Gora et al. Optics Express 17(17), 14880-14894, 2009, I. Grulkowski et al..Opt Express, 17 (6), 4842-4858, 2009. 

S. Ortiz et al. Biomed. Opt. Express 2, 3232-3247 (2011) , S. Ortiz et al.,  Opt Express, 18 (3), 2782-2796, 2010. 

K. Karnowski et al., Biomedical Opt Express, 2 (9), 2709-2720, 2011  

Anterior segment imaging 
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Presenter
Presentation Notes
Duza predkosc pozwala na zbieranie duzych ilosci danych w ramach jedngo pomiaru 3D. Widzimy rekonstrukcje danych 3D oraz projekcje en-face, również uzyskana z danych OCT.






Ocular morphometry 

M. Gora et al., Optics Express 17(17), 14880-14894, 2009 
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Presenter
Presentation Notes
Majac do dyspozycji taka szybkosc możemy go wykonac w 250ms, tym samym mapy topograficzne pierwszej i drugiej powierzchni rogowki czy mapa jej grubosci będą pozbawione bledow zwiazanych z ruchem pacjenta. Analiza krzywizny rogowki jest coraz wazniejszym elementem ze zgledu n coraz czesciej wykonywane operacje korekcji refrakcji. Do przeprowadzenia takiej operacji chirurg potrzebuje bardzo dokladnej informacji o ksztalcie obu powierzchni rogowki.



Corneal transplant 

K. Karnowski et al.,  Biomedical Opt Express, 2 (9), 2709-2720, 2011 
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Full Eye Imaging and Non-Contact Ocular Biometry 

5 mm 

Cornea 

Crystalline 
Lens 

Retina 

Intraocular Distances 
Central Corneal 

Thickness 0.527±0.003mm 

Aqueous Depth 3.305±0.030mm 

Anterior Chamber 
Depth 3.831±0.029mm 

Lens Thickness 3.880±0.030mm 

Vitreous Depth 18.674±0.018mm 

Axial Eye Length 26.384±0.016mm 

50ms 

and more …. 

IOL Master – 20 um 
Immersion Ultrasound – 100 um 
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Presenter
Presentation Notes
3D visualization (access to information on eye structure) + axial biometry !!!



OCT can provide a lot of information 
structure 

• intensity of light back-scattered / 
back-reflected 
• refractive index gradient 

birefringence 

• retardation  
• birefringence 
• ellipticity 

elastic 
properties 

• stress 
• deformation 
• elastic 
coefficient 

molecular 
contrast 

• absorbance 
• absorption coefficient 
• concentration of the 
absorbing agent 

motion 
• Doppler shift (axial velocity) 
• phase variance, Doppler shift variance 
(transverse velocity) 
• speckle analysis 

contrast in OCT 
images 

phase change 
• differential phase 
contrast 
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Visualization of retinal vasculature 
Fundus photograph Fluorescein angiography 

ICG Angiography 
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 Doppler OCT 

M. Szkulmowski, et al, Opt. Express, 16( 9), 6008, 08 
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M. Szkulmowski, et al, Opt. Express, 16( 9), 6008, 08 

 Doppler OCT 
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I. Grulkowski  et al.,  Optics Express 17 (26), 23736–23754, 2009  

 Retinal microcappilary network 
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I. Gorczyńska et al. ARVO/ISIE’12 



OCT angiography for flow imaging 

OCT Fundus 

Fundus photography Fluorescein Angiography 

Fluorescein Angiography 

OCT depth color-coded projection 
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Presenter
Presentation Notes
We did also measurement of bigger volume with less dense scanning.
Here we can see another visualizations of microcapillary map with nearly the same area. We use colour to code capillaries in detph. In this visualization consecutive depths ara are encoded from top to bottom with green yellow, red.
Corresponding to this map Fluorescein Angiography image is apparent. Even more micro-capillaries are visible.



Photoreceptor dystrophy 

MP-1 – Microperimeter (Nidek/Japan) 

OCT-based reflectometry 
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B. L. Sikorski et al., Brit J Ophthalmol 92, 1552-1557, 2008 



Summary 
• interferometric techniques enable multi-scale 

imaging  
• OCT as a toll for noninvasive imaging of both 

structure and functions of the objects 
•  cross-sectional images, volumetric data sets 

and 4-D imaging 
• multiple disciplines involved 
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