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SUMMARY 

 

 

 

 

 

Medical imaging has become a key tool in medical diagnosis, treatment 

monitoring, and disease prevention. A variety of medical imaging techniques exist that 

are based on radioactive tracers, radio waves, X-rays, or sound waves. Compared to these 

imaging techniques, optical imaging has the advantage that it is low-cost, can be used in 

non-contact, has a small form factor, and does not use ionizing radiation. Optical 

coherence tomography is a relatively new and rapidly growing optical imaging technique 

that can provide high resolution images of tissue up to a few millimeters deep. OCT is 

based on low-coherence interferometry with near infrared light for depth ranging in the 

tissue. The work presented in this thesis focuses on the development of near-infrared 

OCT systems with improved performance. In addition, we extract functional information 

of samples and biological tissue from the detected OCT signal. 

Chapter 2 describes a method to estimate the light penetration depth in various 

biological tissues for wavelengths in the 1000 – 2000 nm spectral range. To quantify the 

increase or decrease of the light penetration depth with wavelength, the scattering 

power parameter SP and the water content C are used to characterize the optical 

properties of tissues. The SP parameter determines how strong scattering changes with 

wavelength and the water content C determines how strong the optical absorption by 

water is. We performed light transmission measurements with Intralipid as a scattering 

medium and obtained experimental results that are in good agreement with theoretical 

calculations based on SP and C. We applied our method to biological tissues using 

published data of their optical properties. Calculations are performed for rabbit eye 

sclera, human enamel, and dentin. In particular, we compared light penetration depths at 

1300 nm and 1600 nm. We demonstrated that the light penetration depth can be 

improved at 1600 nm compared to 1300 nm for sclera and enamel, and that no 

improvement is expected for dentin. Increase of the light penetration depth for larger 

wavelengths is expected for tissues with high SP and low water content C. 

Chapter 3 describes quantitative comparison of the OCT imaging depth at 1300 

nm and 1600 nm. Longer wavelengths are potentially more advantageous for OCT 

imaging, since the lower scattering rate at longer wavelengths increases the light 

penetration depth. To quantify the difference in the OCT imaging depth we used a time-



 
 

104 
 

domain OCT setup with matched technical performance at the wavelengths of 1300 and 

1600 nm. OCT measurements are performed with Intralipid solutions with different 

scattering coefficients and constant absorption. Since the technical characteristics of the 

OCT setup at 1300 nm and at 1600 nm were exactly matched, the OCT imaging depth is 

only determined by the optical properties of the sample. We observed an enhancement 

of the OCT imaging depth for 1600 nm compared to 1300 nm for Intralipid concentrations 

larger than 4 vol.%. For the highest Intralipid concentrations, the imaging depth 

enhancement reached 30 %. The influence of the backscattering coefficient, which 

determines the initial magnitude of the OCT signal, on the imaging depth is 

demonstrated. 

Chapter 4 describes quantitative OCT measurements on a solution of 

monodisperse polystyrene microspheres and the determination of the scattering phase 

function in the backward direction and the scattering anisotropy parameter g. The 

measured OCT attenuation coefficient and backscattering amplitude are analyzed using 

the single scattering model. The resulting quantitative determination of the scattering 

phase function in the backward direction is in good agreement with Mie calculations. 

Measurements on Intralipid demonstrated the ability to determine the average scattering 

anisotropy parameter g for polydisperse samples. At 1300 nm wavelength we determined 

g = 0.35, which is in good agreement with published data. The OCT measurements on 

Intralipid are validated using the Intralipid particle size distribution determined from 

transmission electron microscopy measurements. Due to the oscillations of the scattering 

phase function with increasing particle diameter, we can determine g for particles with a 

diameter smaller than 500 nm for our OCT system at 1300 nm.  

Chapter 5 describes OCT measurements of the optical properties of thin samples. 

Measurements are performed on phantoms based on Intralipid and on silicon-based 

phantoms with TiO2 as scatterers. For very thin samples fitting the OCT signal in depth is 

not possible. However, the scattering coefficient can be determined from the OCT signal 

magnitude at zero depth. First, we demonstrated that, with knowledge of the scattering 

phase function in the backward direction, absolute measurement of the scattering 

coefficient of thin samples is possible and the results for thin samples are in good 

agreement with measurements on thick phantoms with the same optical properties. 

Second, we demonstrated that when information on the scattering phase function is 

unknown, monitoring of relative changes in backscattering can provide valuable 

information about changes in optical properties of biological tissues during dynamic 

processes, such as cell death. We performed OCT measurements on a single layer of 

retinal pigment epithelium cells. Cell death is induced by adding 10% alcohol. The changes 

in backscattering are monitored during few hours and an increase in the backscattering of 

treated cells in comparison with control cells is observed. This increase in backscattering, 

which we relate to the development of apoptosis, can be used for the detection of 

apoptosis at an early stage, and in the thin tissue layers. 
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Chapter 6 describes development of a wavelength swept laser for OCT. Electronic 

wavelength sweeping of a continuous wave Ti:Sapphire laser using an acousto-optic 

tunable filter (AOTF) is demonstrated. We investigated the laser sweeping characteristics 

and the influence of the AOTF on the laser operation. For quantitative characterization of 

the sweeping dynamics we considered the following controllable parameters: spectral 

tuning range, pump power, and sweeping frequency. We observed a minimum sweeping 

frequency, which is due to a decrease of the AOTF’s diffraction efficiency. Also we 

observed a maximum sweeping frequency, which is due to time necessary to build up 

lasing from the amplified spontaneous emission. We theoretically determined the 

maximum sweeping frequency for swept lasers based on AOTFs and confirmed this by 

measurements. We demonstrated that the AOTF induced radio-frequency shift (RF-shift) 

resulted in dissimilar laser outputs for forward and backward scans. Finally, we showed 

that a reduction in the spectral tuning range allows for higher scan rates and vice versa. A 

maximum sweeping rate of 11 kHz for 10 nm tuning range is achieved. 

Finally, Chapter 7 provides a discussion and conclusions. In particular, we 

discussed the influence of multiple and dependent scattering on the measurement of 

optical properties of highly scattering samples. By combining optical transmission 

measurements and OCT backscattering measurements we hypothesized that the 

contributions of multiple and dependent scattering on the optical properties can be 

distinguished. Additionally, we discuss models that can provide a description of 

dependent scattering effects in the measurements of optical properties of samples with a 

high concentration of scatterers.   

 

 

 

 

 

 

 

 

 

 

 

 




