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ABSTRACT   

Slice by slice visualization of Digital Breast Tomosynthesis (DBT) data is time consuming and can hamper the 

interpretation of lesions such as clusters of microcalcifications. With a visualization of the object through multiple 

angles, 3D volume rendering (VR) provides an intuitive understanding of the underlying data at once. 3D VR may play 

an important complementary role in breast cancer diagnosis. Transfer functions (TFs) are a critical parameter in VR and 

finding good TFs is a major challenge. The purpose of this work is to study a methodology to automatically generate TFs 

that result in appropriate and useful VR visualizations of DBT data.  

For intensity-based TFs, intensity histograms were used to study possible relationships between statistics and critical 

intensity values in DBT data. The mean of each histogram has proved to be a valid option to automatically calculate 

those critical values that define these functions. At this stage, eight visualizations were obtained by combining several 

opacity/color intensity-based functions. Considering the gradient, ten visualizations were obtained. Nine of the ten TFs 

were constructed considering the peaks of gradient magnitude histograms. The tenth function was a simple linear ramp. 

Finally, three intensity-based and three gradient-based functions were selected and simultaneously used. This resulted in 

nine final VR visualizations taking both information into account. 

The studied approach allowed an automatic generation of opacity/color TFs based on scalar intensity and gradient 

magnitude histograms. In this way, the preliminary results obtained with this methodology are very encouraging about 

creating an adequate visualization of DBT data by VR. 
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1. INTRODUCTION  

Digital Breast Tomosynthesis (DBT) has been consolidating its position as a technique to replace 2D Digital 

Mammography (DM) in both screening and clinical environment1-4. So far, DBT data is displayed one slice at a time or 

sequentially as a continuous cine loop. This procedure can lead to difficult interpretation of microcalcification clusters, 

which can be spread across several slices5. In addition, the mean reading time doubles for DBT compared with DM 

examination6-8. The time required for each DBT data set evaluation is crucial both in clinical and screening 

environments, directly influencing the number of examinations interpreted8.  

A different type of visualization, such as 3D volume rendering (VR), may play an important complementary role in 

breast cancer diagnosis9. 3D VR is the process of creating realistic computer-generated images of a 3D scene, yielding a 

true depth perception10. With a visualization of the object through multiple angles, one of the advantages of 3D VR is to 

provide an intuitive understanding of the underlying data at once. Transfer functions (TFs) are a critical parameter in VR. 

They define how much and which data are visible by assigning opacity and color to the intensity and/or gradient 

magnitude values. To provide useful information about the volume data, TFs must ensure a balance between what is 

made transparent and what is considered to be of interest and must be opaque. Finding good TFs is one of the major 

challenges in volume visualization. It is time consuming and accomplished by a frustrating trial and error process11-13. 

Automatic and semi-automatic generation of TFs is the ultimate goal in many applications since it enables a more 

widespread use of VR11, 14, 15.  

There are some works that mention a few aspects of 3D VR for DBT16-18 and its importance to detect clusters of 

microcalcifications19. However, there are currently no established methods or conclusions on acceptable TFs to provide 
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adequate 3D VR visualization of DBT data. For this reason, opacity and color values were assigned to the intensity and 

gradient magnitude values of the data20 and an innovative methodology to automatically generate TFs which allow an 

adequate 3D visualization by VR of DBT data is presented. 

2. METHODS 

2.1 Data visualization 

Twenty DBT data sets of anonymous patients from a clinical facility database were selected (Hospital da Luz S.A., 

Lisbon, Portugal). The heterogeneity of the sample was taken into account: there are ten cases acquired with mediolateral 

oblique view and ten with craniocaudal view, 50% are from right breasts and 50% from left breasts. All breast density 

levels, as well as all diagnostic classifications (based on the criteria of the American College of Radiology’s Breast 

Imaging Reporting and Data System – BI-RADS) are included in this study. 

The visualization software was developed in C ++ using the Visualization Toolkit library (VTK) version 7.1.0.21. For a 

better visualization quality, voxels were made isotropic (with dimensions 0.085 x 0.085 x 0.085 mm3) using the Lanczos 

function available in VTK (used by default)22. 3D VR was obtained with composite technique. 

2.2 Generation of scalar intensity-based TFs  

For each of the twenty cases, two regions were selected and the respective intensity values recorded. Region 1 is related 

to adipose tissue (similar to background) and region 2 refers to high intensity materials, such as microcalcifications. As 

the twenty cases comprehend all different levels of BI-RADS diagnosis, in cases with calcifications, region 2 includes 

data both on benign and malignant calcifications. 

a1 and b1 stand for the intensity value of region 1 and 2, respectively. Voxels with scalar intensity values below a1 are 

considered totally transparent, above b1 are totally opaque and with intermediate values correspond to a linear 

relationship between intensity and opacity/color (Figure 1). 

  
Figure 1 (a) - 1D linear ramp transfer function used to map voxel intensity values to opacity and colour. (b) Zoom in on the 

region 1 and region 2 whose intensities correspond to a1 and b1, respectively. 

Three intensity histogram statistics – mean, maximum and skewness – were calculated for each case. The relationships 

between a1 and b1 and the intensity histogram statistics were studied to obtain possible expressions to estimate a1 and 

b1, having knowledge of the statistics. Additionally, two other intensity values – a2 and b2 – were calculated in order to 

achieve more distinct visualizations (Eq. (1) and Eq. (2)). Taking into account different combinations of this critical 

values, eight visualizations were obtained.  
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2.3 Generation of gradient magnitude-based TFs 

Gradient magnitude is a useful second dimension because it measures how quickly values are changing in the image 

space. Breast tissues are relatively homogeneous, so their gradient magnitudes are low. The peaks in the gradient 

histograms correspond to sudden intensity changes, which means, boundaries between two materials13.  

Here, to only have one degree of freedom (gradient), the influence of intensity-based TFs was kept neutral (opacity and 

color values were kept at 1 for all scalar intensity values). For each DBT case, three peaks in the gradient magnitude 

histogram were found. Based on these peaks, nine opacity TFs were analyzed. In addition, one function independent 

from the peaks, with a shape of a linear ramp crossing all magnitude gradient values, was also considered. 
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2.4 TFs based on scalar intensity and gradient magnitude 

By combining some results from section 2.2 and section 2.3, nine different final visualizations by VR were obtained 

taking into account both information (scalar intensity and gradient magnitude). 

3. RESULTS 

For all the twenty cases, it was observed that a1 and b1 measured values were at the same position in relation to the 

respective histogram. Based on this sample, linear regressions were modelled to study the relationship between a1 and b1 

and some statistics (mean, maximum and skewness) of each intensity histogram. Results are presented in Figure 2. 

 

Figure 2. Linear regressions obtained between a1 and b1 and (a) mean, (b) maximum and (c) skewness of histogram 

intensity values, calculated for each clinical case. Coefficients of determination (R2) and equations for the estimation of a1 

and b1 based on each statistic are also shown. 

The eight combinations of opacity and color TFs based on scalar intensity values (a1, a2, b1 and b2) and respective 2D 

displays of VR results at 0º are shown in Figure 3. On the other hand, the VR results obtained with the ten gradient-based 

TFs, keeping the intensity-based TFs as neutral, are presented in Figure 4. 

 

Figure 3. 2D displays of VR visualizations at 0º obtained with each combination of intensity-based TFs by varying the color 

and opacity within the values of a1, a2, b1 and b2. 
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Figure 4. 2D displays of VR visualizations at 0º obtained with the ten gradient-based TFs: linear ramp (a), square shaped 

centered on each peak (b,c,d), ramp-shaped around each peak (e,f,g) and triangular shaped centered on each peak (h,i,j). Top 

right corner: Opacity and color values were kept at 1 for all scalar intensities. 

In order to merge the information provided by the intensity-based functions (Figure 3) with the gradient-functions 

(Figure 4), some visualizations of both groups have been selected and combined. From Figure 3, it is possible to group 

three similar visualizations: (1) Figure 3(a) and (c); (2) Figure 3(b) and (d); (3) Figure 3(e-h). From the first group, the 

combination of functions in Figure 3(a) was selected because it allowed to keep more information about all tissues. From 

the second one, to have an intermediate visualization, functions of Figure 3(b) were chosen. Of the third group, functions 

presented in Figure 3(f) were elected because they emphasize important structures of interest for breast cancer detection, 

such as calcifications, in a balanced way. Regarding VR resulting from the assignment of opacity to gradient magnitude 

(Figure 4), there are 7 out of 10 that can be immediately excluded: Figure 4(b-h). TFs corresponding to visualizations of 

Figure 4(b-d) and Figure 4(f-g) remove a significant amount of information. On the other hand, functions from Figure 

4(e) and (h) make too much information opaque (which means that conjugated with intensity-based functions, these 

gradient information have a minor impact on the final VR). In this way, by combining TFs from Figure 3(a), (b) and (f) 

with those of Figure 4(a), (i) and (j), nine visualizations are obtained as in Figure 5. 
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Figure 5. 2D displays of VR visualizations at 0º considering intensity and gradient magnitude functions selected. 1st, 2nd 

and 3rd rows were obtained using the gradient-based functions: linear ramp and triangular-shaped centered on peak 2 and 3, 

respectively. 1st, 2nd and 3rd columns were obtained using the scalar intensity-based functions: 1, 2 and 6, respectively. 

4. DISCUSSION AND CONCLUSION 

A consistent and reproducible methodology for automatic determination of TFs allowing an adequate 3D visualization by 

VR of DBT data was presented. Opacity/color TFs based on scalar intensity and gradient magnitude were tested 

separately and together and the results were visualized through composite technique. 

Regardless of breast density, all intensity histograms presented the same shape, i.e., neglecting the zero intensity peak 

corresponding to the black background, a single peak was observed. The measured values for a1 and b1 were at the same 

position in relation to the respective histogram. From Figure 2, the statistic which presented the best option for 

automatically estimate a1 and b1 from the data was the mean, with the highest R2 simultaneously for the regression with 

a1 and b1 (0.9818 and 0.9416, respectively). With the eight VR images observed based on different values of a1, a2, b1 

and b2 (Figure 3), we can see that as the TFs move to the right, the tissues with lower values of intensity become 

transparent, emphasizing only those of higher intensities, as expected. 

As for the intensity, all gradient magnitude histograms presented the same shape for all the twenty cases, independent of 

breast density. Three main peaks were observed. In a general way, TFs based on gradient magnitude are closely related 

to the gradient histogram peaks (Figure 4).The obtained VR images using only scalar intensity TFs (Figure 3 (a), (b) and 

(f)) can be compared with those using scalar intensity plus gradient magnitude TFs (1st, 2nd and 3rd column of Figure 

5). The general appearance of the latter was determined essentially by TFs based on scalar intensity while the gradient-

based TFs improved the definition between regions with different intensities. 
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Taking into account the preliminary results presented, we conclude that adequate visualization of DBT data by VR can 

be automatically achieve. 

In the future, the impact of VR on detection performance of radiologists and visualization of masses and architectural 

distortions should be considered through a large and controlled clinical study with 3D VR using DBT data. 
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