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ABSTRACT   

Biological tissues characterization can be approached by non-ionizing optical techniques, in a non-invasive, non-contact 
way. Optical diagnostic techniques include Optical Coherence Tomography, spectroscopy or fluorescence, among others. 
Tissue differentiation is difficult to achieve in general with high specificity and sensibility. Spectroscopy is of great 
interest for this aim, as it provides intrinsic molecular contrast. The different composition and/or structure of biological 
tissues influence the spectral response. However, the interpretation of spectra is difficult from the raw data, and further 
data processing is needed. Diffuse Reflectance Spectroscopy (DRS) is particularly well-suited for biomedical 
applications, as it can work with bulk tissues in reflection, reinforcing the non-invasive character of the technique. DRS 
has been employed for malignant tissue detection and also for healthy tissue discrimination. These applications require 
an adequate definition of potential biomarkers for the classification algorithms. The classification process depends 
strongly on the amount of collected spectra and tissue and specimen variability. In this work several types of ex-vivo 
porcine tissues are extracted and measured by DRS. Spectral measurements are made on different specimens, and on 
different points of each sample. Spectra are normalized and several algorithms for dimension and variability reduction 
are applied, such as Principal Component Analysis or Savitzky-Golay filtering. From these spectra, several biomarkers 
are proposed for tissue classification, and different classifiers are applied. The results are compared, and the 
classification efficiency is quantified. The considered approaches could be of particular interest in image-guided surgery 
or other types of optical biopsy applications.    
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1. INTRODUCTION  
Biological tissues characterization can be approached by non-ionizing optical techniques, in a non-invasive, non-contact 
way. Optical characterization can be implemented by different optical diagnostic techniques, such as Optical Coherence 
Tomography (OCT) [1] and its variants [2], spectroscopy [3], fluorescence [4], or even polarimetry [5]. Spectroscopy 
provides in general tissue-specific contrast at molecular level. Diffuse Reflectance Spectroscopy (DRS) is particularly 
well-suited for biomedical applications, as it can work with bulk tissues in reflection, reinforcing the non-invasive 
character of the technique. [6]. DRS is an affordable technique capable of providing data on tissue morphology and/or 
functionality. DRS has been applied mainly for the detection of cancerous tissues [4], but can be clinically applied in 
general classification problems, for instance in the diagnosis of pathologies. In this way, each sample is classified as 
healthy or diseased tissue. Tissue type discrimination can be further implemented [7]. Statistically significant 
classifications are supported by massive spectral measurements of each class. Those measurements come from different 
samples of the same specimen, and from different specimens. This fact leads to spectral variability, whose relevance 
must be estimated [6]. In this work several types of ex-vivo porcine tissues are extracted and measured by DRS. Spectral 
measurements are made on different specimens, and at different points of each sample. Spectra are normalized and 
several algorithms for dimension and variability reduction are applied, such as Principal Component Analysis or 
Savitzky-Golay filtering. From these spectra, several biomarkers are proposed for tissue classification, and different 
classifiers are applied. The results are compared, and the classification efficiency is quantified. Next section 2 contains 
the information on animal samples, optical setup and spectral measurements. Main algorithms employed are also 
included. Section 3 shows some of the results obtained. Finally section 4 includes the conclusions of the work. 
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2. MATERIALS AND METHODS 
Pigs of the Large White breed were used for the experiments. The animals were between 2 and 4 months old and their 
weight between 20 and 25 kg. Five types of ex vivo tissues were extracted from pigs, particularly skin, fat, muscle, bone 
(rib) and sciatic nerve. Two samples of the same tissue from each pig were taken. The procedure was done at the hospital 
by a veterinary surgeon, who handles carefully the tissue without causing any mechanical damage. The procedure was 
approved by the Bioethical Committee of the Valdecilla Virtual Hospital. Fig. 1 shows the tissue samples placed on 
purposely designed holders to fit into the experimental setup. A tissue surface of 30x30mm2 is accessible to be measured, 
with the exception of bones and nerves, which have a mean diameter of 20mm and 1mm, respectively. After dissection, 
tissues were carefully rinsed with a solution of sodium chloride (9mg/ml) and wrapped with soaked gauze. The samples 
were stored in the refrigerator (4°), where they remain up to a maximum of 12 hours until the samples are processed. 

   

  
 

Figure 1. Tissue samples from ex vivo pigs. 

In Fig. 2, the experimental setup is sketched. The system employs a white light source 250W broadband incandescent 
lamp (QTH 66499, Newport Corporation). The lamp exhibits a smooth spectral curve in a wavelength range of 200-2400 
nm. The tissue was illuminated with the light through a couple of lenses made of fused silica (L1 and L2). The diffusely 
reflected light from the tissue is collected by a lens, and focused into a 1mm core diameter optical fiber, which is 
connected to a spectrometer (BLK-CXR-SR-50, StellarNet Inc.), with a measurement range between 220-1100nm, an 
optical resolution of 0.5nm, an integration time of 50ms, and a 2048-pixel CCD/PDA detector with a size of 14x200 
μm/pixel. The observation was made obliquely at 30º. 

  

 
For each tissue from each animal 16 spots were scanned by using a micrometric translator. Spots were spread out on a 
4x4 matrix, so each point was separated approximately 6mm from each other. Four spectra were captured per spot, and 
as a consequence a total of 1280 spectra were processed in this work. 
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