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ABSTRACT

A concern with using mathematical model observers to gauge medical image quality is whether and to what degree
task simplifications can affect study outcomes. Researchers are interested in assessments based on clinically
realistic tasks, but routinely implement simplified tasks to manage time and computation. The goal of this work
is to examine how optimization of digital breast tomosynthesis (DBT) acquisition parameters can be influenced
by the consideration of 2D or 3D search tasks. Localization ROC (LROC) observer studies were based on
simulated image slices and volumes obtained from low- and medium-density digital breast phantoms containing
8-mm spherical masses. An analytic cone-beam projector used an acquisition arc of 60◦ while the number of
angular projections varied from 3 to 51. Image volumes were reconstructed with the Feldkamp FBP algorithm
and then postfiltered and thresholded to eliminate negative pixel values. A visual-search (VS) model observer
was applied for both the 2D and 3D LROC studies. The observer used 2D spatial derivatives as features to
find suspicious candidate locations in an image. The candidates were compared by means of a binary Hotelling
discriminant. Preliminary results indicated substantially reduced performance with the 3D task, particularly for
the more-dense cases.

1. INTRODUCTION

As a form of limited-angle 3D tomography, DBT can provide reduced anatomical noise compared to mammo-
grams. However, DBT currently functions primarily as an adjunct for mammography, offering improved mass
detection while often degrading microcalcification detection. Researchers working to optimize DBT operational
parameters frequently make use of clinically relevant task-based metrics.

A number of studies1–5 have used model observers to investigate how acquisition geometry (number of pro-
jections and angular range) affects the image quality of DBT systems. Some of these studies have involved
target search and some have dealt with image volumes, but relatively few have considered 3D search with breast
volumes. A frequent concern with model observer studies in general is how task simplification can affect study
outcomes. Thus, our objective is to examine how the optimization of a DBT acquisition protocol can be influ-
enced by the use of 2D or 3D search tasks. The work is being carried out with VS observers, which have shown
good correlation with human observers for a variety of x-ray and nuclear medicine applications.6–9

The initial results presented herein are from localization receiver operating characteristic (LROC) studies
of mass detection with a single VS observer. The VS observer identified suspicious locations in an image as
local maxima in a set of feature maps and then applied a binary linear discriminant that was constructed from
candidate feature statistics accrued through training. VS observers have been previously compared against
humans with 2D DBT images,6 but the linear discriminant is new to this work. The observer applied for the
DBT volumes extended a 3D VS observer model that was used previously for SPECT.8
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2. METHODS

2.1 Breast Phantoms

Multiple compressed-breast digital backgrounds were generated from one geometry of the Bakic phantom.10 The
dimensions of the phantoms were 1020×323×257, with a voxel width of 0.2 mm. We defined low and medium-
density breasts based on mean percent densities of 25% and 50%, respectively. Three background realizations
were generated for each density.

Eight single-mass cases were created from each background, giving a total of 27 cases (24 lesion-present and
3 lesion-absent) per density. The masses were homogeneous spheres with a diameter of 8.0 mm. These spheres
were randomly placed in the fibroglandular compartment of the breast. The relative contrast of the masses was
only a few percent. Example slices from the phantoms are shown in Fig. 1.

Figure 1. Sample slices from (top) the medium-density and (bottom) low-density Bakic phantoms. The overall breast
volume is the same for both phantoms. The solid black area within each breast represents the fibroglandular compartment.
The white areas are adipose tissue.

2.2 DBT Simulation

Our DBT imaging model has been described previously.6 X-ray transmissions with a rotating source-detector
geometry and step-and-shoot protocol are generated by ray tracing.11 A serial cascade model is used for the
subsequent propagation of signals and noise through a CsI-based amorphous silicon flat-panel detector. The
imaging model accounts for both focal-spot blur and scintillator blur. The dependence of scintillator blur on angle
of incidence was not included and scatter also was not modeled. The imaging assumed a filtered molybdenum
spectra at 30 kVp and a detector pixel size of 100 µm. In this work, the angular acquisition arc was fixed at
60 degrees and the number of projections ranged from 3 to 51. Each acquisition was constrained to a 2.0-mGy
average glandular dose.

2.3 Synthetic Images

3D DBT reconstructions applied the Feldkamp filtered backprojection algorithm.12 The voxel dimensions of the
reconstruction were 760×240×195 and the voxel width was 0.27 mm. Postreconstruction smoothing was carried
out with a fifth-order 3D Butterworth filter having a cutoff frequency of 0.25 pixel−1. Five-slice slabbing was
then applied in the z dimension and negative pixel values in the slabbed volumes were truncated to zero. Figure 2
compares sample postfiltered slices and corresponding slabbed/thresholded slices that were obtained for both
phantom densities and different numbers of projection angles.

The 3D observer study used the volume reconstructions from the 54 cases (48 lesion-present and 6 lesion-
absent) described in Sec. 2.2. For the 2D study, a single slice was extracted from each of the lesion-present
volumes and 8 slices were extracted from each lesion-absent volume, giving a total of 96 2D cases equally split
between normal and abnormal cases. Each lesion-present slice contained the center coordinates of the mass.
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(a)

(b)

Figure 2. Sample 2D image slices from our study. a) One low-density lesion-present case reconstructed from seven (left
column) and 45 (right column) projection angles. Images in the top row only have Butterworth filtering while those in the
bottom row were also slabbed and thresholded. b) A medium-density case with lesion is shown using the same numbers
of angles as in (a). The lesion positions are indicated by the arrows.

2.4 The 2D VS Observer

For a 2D test image f , the VS observer computed three matched-filter type feature maps of the form

pO = O{s} ⋆ ⋆ O{f}, (1)

with s as the mean 2D lesion profile in the study, operator O as a spatial derivative, and ‘⋆⋆’ denoting 2D
correlation. The observer used the 2D gradient ( ∂

∂x
,

∂
∂y

) as well as the separate horizontal and vertical derivatives

( ∂
∂x

and ∂
∂y

, respectively) as the operators in Eq. 1. The correlation kernels obtained by applying the separate
derivatives to s are shown in Fig. 3. Watershed segmentation was conducted on each map to identify local
maxima within the fibroglandular region as candidate locations. A binary Hotelling discriminant13 computed
from the candidate feature statistics was then applied to determine the most suspicious location and the LROC
confidence rating.

In the 2D study, the 96 test images were used for both training and testing. The training involved estimation
of the mean reconstructed lesion profile and calculation of the discriminant. The LROC data was analyzed with
a 14.0-pixel radius of correct localization, approximately equal to the radius of the reconstructed lesion. Larger
radii (up to 25 pixels) did not substantially change our results. The fraction of lesions correctly localized was
used as the performance figure of merit.
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Figure 3. The correlation kernels obtained by applying the spatial derivatives (left) ∂
∂x

and (right) ∂
∂y

to the mean 2D
reconstructed lesion profile. These kernels were used in Eq. 1 to generate the three feature maps for the 2D and 3D VS
observers.

2.5 The 3D VS Observer

For our 3D model observer, Eq. 1 was replaced with a 3D cross-correlation involving image volume f and the
mean reconstructed lesion s. However, the same three spatial derivative operators as in the 2D study were applied
on a slice-by-slice basis to s and f . A 3D watershed algorithm was applied to determine candidate locations.
The feature extraction thus integrated over five slices — approximately the slabbed diameter of the lesion —
throughout the DBT volume.

As was the case with the 2D study, all of the available image volumes were used for both the training and
testing phases of the 3D study. The localization radius also matched that of the 2D study.

3. RESULTS

The plots in Fig. 4 show how observer performance in the 2D study varied with the number of projections
and the phantom density. These results are quite similar to those obtained in an earlier DBT study that used
Butterworth-filtered slices without slabbing or truncation.6 That prior study included validation against human
observers.

The data acquisition for the 3D study is ongoing, as is verification of the observer results. Figure 5 presents a
sample of the available data., showing observer performance as a function of phantom density for the 2D and 3D
images reconstructed from 15 projection angles. Performance decreased considerably with the image volumes,
particularly with the medium-density cases.

4. CONCLUSIONS

We have presented initial results from a comparison of 2D and 3D detection-localization studies with a VS
model observer. The 2D results are similar to those from a previous study. Work is ongoing to validate the 3D
observer and improve the computational efficiency. Future work will include 2D and 3D location-known studies
as part of a same-observer task comparison. We shall also investigate different feature sets. Both masses and
microcalcifications will be treated in our studies.
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Figure 4. Observer performance with 2D images as a function of the number of projection angles for images generated
from a) the low-density and b) medium-density phantoms.
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Figure 5. Observer performance with 2D and 3D images as a function of phantom density when 15 projection angles were
used for the reconstruction.
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