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ABSTRACT 

 
Recently, there has been interest in the proportion and distribution of parenchymal linear structures in the breast. 

The proportion of linear structures has been linked to mammographic risk. Three–dimensional tomosynthesis 

represents a significant advancement over conventional two– dimensional mammography, effectively eliminating 

many of the inherent problems caused by representing the 3D anatomy in a 2D image. Results show a high degree of 

correlation (0.866) between the proportions of linear structures detected in the two image types. This experiment 

investigates the proportion of linear structures detected in raw tomosynthesis images and compares them to the 

proportion detected in corresponding conventional mammograms of the same patient taken at the same time 
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1. INTRODUCTION 
 

In conventional methods 2D projection mammography play a vital part in detection of breast cancer, diagnosis and 

treatment. There are several intrinsic restrictions in 2D, affected by the projection of three dimensional breast 

anatomy on to a two dimensional plane. The cancers being unknown by superimposed normal tissue and intersecting 

normal tissue generating the artificial look of densities [1]. These constrain delivers result in false–positive or false–

negative diagnoses, rising threat to the patient or revealing them to needless. Whereas a lot of these limits could be 

overcome by magnetic resonance imaging (MRI), this is a far more complicated procedure and its high cost, low 

availability and inconvenience avoid the use of MRI from becoming wide range for the detection of breast cancer. 

3D breast tomosynthesis delivers a key improvement over projection mammography. Tomosynthesis eliminate the 

effects of superimposed tissue on parenchymal structure of interest more efficiently [2, 3]. This can increase margin 

visibility, specifically in dense breasts and has been shown to raise lesion visibility [4]. Breast tomosynthesis 

achieves a series of projection x–ray images as the x–ray source transfers in an arc around the static breast and 

digital imaging detector. With the elimination of their acquisition angle, the ‘raw’ projection images are linked to 

conventional x–ray mammograms, however they are taken using a significantly lower x–ray dose than that using for 

conventional mammograms, such that the complete dose received by the patient is like for the two methods [4]. The 

raw projection images are subsequently reconstructed in to a three–dimensional volume that can be displayed to a 

radiologist. Many algorithms have been used in the reconstruction of tomosynthesis images, common examples 

include filtered back projection and shift–and–add. In this experiment the raw tomosynthesis images are used rather 

than three–dimensional reconstructed images since a more straightforward and continuous calculation can be made 

between them and corresponding conventional mammograms. Linear structure data in mammograms has been 

linked to mammographic risk and identified linear structure data has shown capacity in increasing the specificity of 

automatic risk assessment [6, 9, 12]. To calculate the pattern of breast carcinoma and therapeutic regimen provided 
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to the patients and to estimate the epidemiological profile of the disease, the risk factors related with them, and the 

treatment provided to these cancer patients are determined in [15]. 

2. Linear Structures 

Mammographic risk assessment is concerned with valuing the probability of women developing breast cancer and 

can deliver a sign of when to recommend regular screening, which has been presented to develop the likelihood of 

the initial judging of breast cancer [5]. Breast density is a main display of mammographic risk [6] and the best 

predictor of mammographic sensitivity [7]. 

 

 

 

 

 

 

 

 

Figure1. Linear structure of conventional mammogram (left) and a corresponding raw tomosynthesis image (right). 

It has been suggested that the distribution of linear structures (ducts, blood vessels, etc.) is also linked with 

mammographic risk [8,9]. So far it is not completely clear if it is just the density of linear structures (either by 

percentage area or volume) or if the distribution of the linear structures plays a part as well. The mammographic risk 

assessment representation based on four structural components, where the relative proportions of each component is 

linked to the risk of developing breast cancer [8–10]. One of the four structural components is linear density. It has 

been shown that the proportion of linear structures in the breast can be used to automatically guess mammographic 

risk [11, 12]. The main aim of this research work is to examine the sensitivity of the finding of linear structures in 

tomosynthesis images equated to corresponding conventional mammograms images. 

3. METHODS 

In this paper the experimental results was carried out from 40 patients. The images are taken from the patients on a 

particular day which comprises two conventional mammograms referred with (left and right breast) and 2 sets of 

nine raw tomosynthesis images. From the sets of nine raw tomosynthesis images, the middle image indicates an 

orthogonal vision and related nearly with the MLO conventional mammograms, and as such these middle images 

were selected for result confirmation. The images were signified as 12–bit grey scale, 1914x2294 pixel DICOM 

files. The resulting 80 conventional mammograms and 80 raw tomosynthesis images were processed using the line 

detector method (described below), which results in a measure of line strength and orientation for each pixel in the 

breast area of the image. Finally, for each image the line strength values were thresholded and the proportion of 

pixels with above–threshold line strength values in the breast area of the image was calculated. 

Line Operator 

The Dixon and Taylor’s line operator [14] will detect linear structures in mammograms more accurately than other 

methods mentioned by various studies [13]. We used line operator which generates a measure of line strength and 
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orientation for individual pixel in an image for verifying the experimental results, the line orientation is calculated 

by the mean pixel illumination of a line of pixels running through the identified pixel at a collection of particular 

point. The particular point with the maximum mean illumination is engaged to be the line orientation. The line 

strength, X, is obtained by 

X = (Y − M)    ------------------------------------- (1)  

where Y is the mean illumination of the line of pixels, and M is the mean illumination of a correspondingly 

orientated square of pixels. A line length of 5 pixels and 12 orientations was used for experimental result verification 

as prescribed by previous research in [13]. A different scale approach was implemented in order to find out the lines 

of a range of thicknesses and the resultant images were link to generate line strength data for pixels at the new scale. 

Scaling of the images was attained initially by blurring the image using a 3x3 Gaussian kernel and later by 

subsampling to deliver a resultant image of half the width and height of the new. In this research proposed the 

comprised processing with the line operator at three scales.  

  

 

 

 

 

 

 

.Figure 2. Conventional mammogram image (left) and a corresponding raw tomosynthesis (right).  

Thresholding 

The results of line strength were thresholded to eliminate background tissue, which aims to left only linear 

structures. The measure of proportion of linear structures will be affected by choice of thresholds. The thresholds 

were chosen experimentally to select values that remove most background tissue whilst leaving most of the linear 

structure information complete. For these experiment threshold values of 0.4% and 0.5% was used. The thresholds 

were applied by normalizing the line strength values between 0 and 4096 (the maximum grey scale value for the 

images used), and then by removing all line strength values below the specified proportion. In the cases used, all line 

strength values below 0.4% or 0.5% of 4096 were removed. The overwhelming majority of line strength values in 

the images were considerably below the maximum theoretical value. As such, the threshold values used were very 

small so as not to remove too much linear structure information.  
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Figure3. Line operator results thresholded at 0.4% and 0.5%. 

RESULTS 

The Fig. 4 shows the proportion of above–threshold linearity in raw tomosynthesis images adjacent to the equivalent 

conventional mammograms. A threshold of 0.5% was used in both the conventional mammograms and 

tomosynthesis images in demand to attain the best correlation. This achieved a Pearson product moment correlation 

coefficient of 0.866.  

 

 

 

 

 

 

 

Figure 4. A proportion of raw tomosynthesis images at a threshold of 0.5%. 
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Figure 5. A proportion of  raw tomosynthesis images at different variety of thresholds. 

CONCLUSIONS 

The results in Fig. 4 show that raw tomosynthesis images have more relationship between the identified quantities of 

linear structures when related with conventional mammograms (0.866). The information available in linear structure 

raw tomosynthesis images can be suggested for mammographic risk evaluation examinations. For different types of 

images the contrast will vary, to achieve closest correlation the thresholds were selected independently. However the 

relationships were more when both raw tomosynthesis images  and conventional mammograms were thresholded at 

0.5% (0.866) and when both were thresholded at 0.4% (0.813). The selected threshold will affect the correlations. 

When mammograms thresholded at 0.5 % and tomosynthesis images thresholded at 0.4% (0.714) are compared the 

relationship remains worthy, however when these thresholds were reversed (0.475), the correlation was less 

sensitive. An obvious subsequent investigation would involve attempting to automatically classify images in to 

BIRADS classes based on the linear structure information in the tomosynthesis images. However, this would require 

that the images be classified independently by a radiologist, and for clear results, a larger sample size would be 

beneficial. 
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