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ABSTRACT   

Time Domain Diffuse Optical Tomography (TD-DOT) performed at multiple wavelengths can be used to non-invasively 
probe tissue composition. Then, tissue composition can be related to breast tissue and lesion type. Thus, TD-DOT could 
be used for therapy monitoring for breast cancer. We developed a software tool for multi-wavelength TD-DOT and 
performed a validation on meat phantoms to mimic tissue heterogeneity. An inclusion of different meat was exploited to 
mimic the presence of a lesion in the breast. Results show good localization of the inclusion, but poor quantification of 
the reconstructed breast composition. The use of a morphological prior constraint, providing information on inclusion 
geometry and position, significantly improves both localization and composition estimate. 
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1. INTRODUCTION 
Diffuse Optical Tomography (DOT) is an emerging tool for tissue imaging. Using a defined pattern of sources and 
detectors, a wide volume can be investigated, and absorption and scattering properties can be estimated. Those can be 
used to perform clinical diagnostic evaluation as well as therapy monitoring for breast cancer 1,2. Though, other 
parameters can be retrieved that are more directly linked to tissue composition: the main chromophores of the tissue. In 
the case of breast, these are lipids, water, collagen, oxy- and deoxyhemoglobin. Following this approach, multiple 
wavelengths are needed, exploiting the wavelength dependency of each chromophore absorption spectra, to separate 
single contributions to the overall absorption coefficient. We combined this multi-wavelength (or spectral) approach to 
Time Domain DOT (TD-DOT), thus taking advantage of the decoupling of the absorption and scattering effects. Thus, 
we developed a spectral TD-DOT software tool and performed a validation on beef and pork meat phantoms embedding 
an inclusion made of different kind of meat. The heterogeneity of the meat cuts was exploited to mimic the heterogeneity 
of human breast, thus obtaining a more realistic testing environment than provided by phantoms of common use (e.g., 
resin or silicone). Measures were performed in reflectance geometry. We also tested a morphological prior constraint to 
exploit the information on localization and geometry of the inclusion to improve the overall reconstruction quality 3. 

2. MATERIALS AND METHODS 
The TD-DOT algorithm is divided in the forward model, describing photon propagation within the tissue and the inverse 
problem, i.e. the concentration estimation from the photon time distribution. Light propagation is modelled by the 
analytical solution of the diffusion equation in a semi-infinite homogeneous medium, and through a perturbative 
approach when considering heterogeneities 4. The wavelength dependency of the optical properties is exploited by 
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expressing the absorption coefficient at a specific wavelength as ( ) = 	∑ ( ) , where ( ) is the j-th 
extinction coefficient for the j-th chromophore, at the i-th wavelength, and  is the concentration of the j-th 
chromophore. The reduced scattering coefficient is modelled according to the empirical approximation to Mie theory: ( ) = ( ) , where a is the scattering amplitude related to the concentration of scattering centers and b is the 
scattering power related to their size 5. The phantoms are composed by a thick slab of meat, while the inclusion is a 1 cm3 
cube of different meat set in the slab center, with its upper face at 1 cm depth. Three configurations were investigated: i) 
lard and ham ii) veal and lard iii) lard and tendon, respectively as bulk and inclusion. We will focus on the first 
configuration as it mimics a common situation: a malignant lesion with higher content of blood respect to an adipose 
background tissue. Measures were performed using a rectangular pattern (20 mm x 40 mm) with 4 measure spots on each 
long side, equally spaced. The wavelengths were adequately chosen to (at least partly) highlight different component 
contributions to the absorption spectra: 635 nm and 670 nm were selected for deoxyhemoglobin (Hb) and collagen, 830 
nm for oxyhemoglobin (HbO2), 915 and 940 nm for lipids, 980 nm for water, 1030 nm and 1065 nm for lipid and 
collagen. Laser light provided by a supercontinuum pulsed source was coupled to an optical fiber. Another optical fiber 
collected the re-emitted light, guiding it to a silicon photomultiplier detector. Photon time distributions were built using 
the time-correlated single photon counting technique 6. 

3. RESULTS AND DISCUSSION 
As an example of the results obtained, we will focus our discussion on the reconstructed HbO2 maps of the ham in lard 
phantom. The average concentration of HbO2 in lard and ham meats (measured separately on a bulk volume of each meat 
type) resulted to be 2.8  and 7.2 , respectively. Figures 1 and 2 are composed of different subplots, each referring 
to a different depth along the z coordinate, from 0 mm (i.e., the surface) to 30 mm in 2 mm steps. The X and Y axis of 
each subplot correspond, respectively, to the x and y coordinate in space. The overall quality of the reconstruction is 
assessed by localization and quantification. The former is quantified by the error of the reconstructed position of the 
center of mass of the inclusion respect to the known position; while the latter by the error of the reconstructed HbO2 
values within a region around the center of mass respect to the measured one. 

Figure 1 shows artifacts especially on the surface (the first subplots) resembling the sources and detectors pattern. This 
could be related to a poor matching of the optical fibers with the meat surface. At the same time, the reconstructed 
inclusion is blurred and spread along the x-y plane. The z coordinate of the inclusion is reconstructed at a shallower 
position than real. The reconstructed values are strongly underestimated with quantification error in the inclusion as high 
as 50%.  

 
Figure 1. Reconstructed HbO2 maps. There are strong artifacts on the surface and quantification is poor. 

Figure 2 is obtained exploiting a morphological prior constraint on the geometry and position of the inclusion. Clearly, 
localization improves dramatically as the top of the inclusion is correctly set 1 cm from the surface, while it extends to 2 
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cm. Also, the morphological constraint strongly reduces the surface artifacts. At the same time, quantification improves 
as the reconstructed value in the inclusion (6.5 )	is	closer	to	the	measured	one	(10%	error). 

 
Figure 2. Reconstructed HbO2 maps with the use of the morphological constraint. Surface artifacts disappear, and 
quantification improves. 

The developed spectral TD-DOT software tool was validated on different meat phantoms. Generally, localization is 
reached, but results are dramatically improved when using the morphological constraint. Surface artifacts are removed, 
and blurring is dampened. Quantification benefits as well but an underestimation error persists (even though much 
smaller). The obtained results are promising and work into improving quantification needs to be done. 

ACKNOWLEDGEMENTS 

The research leading to these results has received partial funding from the European Union’s Horizon 2020 research and 
innovation program under project SOLUS: “Smart Optical Laser and Ultrasound Diagnostics of Breast Cancer” 
(www.solus-project.eu, grant agreement No 731877). The project is an initiative of the Photonics Public Private 
Partnership. The authors declare that there are no conflicts of interest related to this article. 

REFERENCES 

[1] Durduran, T., Choe, R., Baker, W., and Yodh, A., "Diffuse optics for tissue monitoring and tomography," 
Reports Prog. Phys. 73, 076701 (2010). 

[2] Grosenick, D., Rinneberg, H., Cubeddu, R., and Taroni, P., "Review of optical breast imaging and 
spectroscopy," J. Biomed. Opt. 21, 091311 (2016). 

[3] Douiri, A., Schweiger, M., Riley, J., and Arridge, S., "Anisotropic diffusion regularization methods for diffuse 
optical tomography using edge prior information," Meas. Sci. Technol. 18, 87–95 (2007). 

[4] Martelli, F., Del Bianco, S., Ismaelli, A., and Zaccanti, G., Light Propagation through Biological Tissue and 
Other Diffusive Media: Theory, Solutions, and Software (SPIE Press Monograph, 2009). 

[5] D’Andrea, C., Spinelli, L., Bassi, A., Giusto, A., Contini, D., Swartling, J., Torricelli, A., and Cubeddu, R., 
"Time-resolved spectrally constrained method for the quantification of chromophore concentrations and 
scattering parameters in diffusing media.," Opt. Express 14, 1888–98 (2006). 

[6] Konugolu Venkata Sekar, S., Dalla Mora, A., Bargigia, I., Martinenghi, E., Lindner, C., Farzam, P., Pagliazzi, 
M., Durduran, T., Taroni, P., Pifferi, A., and Farina, A., "Broadband (600-1350 nm) Time-Resolved Diffuse 
Optical Spectrometer for Clinical Use," IEEE J. Sel. Top. Quantum Electron. 22, 7100609 (2016). 

Proc. of SPIE-OSA Vol. 11074  1107408-3
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 25 Jul 2019
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use


