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Abstract— While the principle of tomosynthesis has been
known for almost a century, digital breast tomosynthesis
(DBT) is a novel technology that owes its rapid development
to the introduction of full-field digital mammography
(FFDM). This review article covers the principles and design
considerations of DBT, including system geometry. Further,
the article provides an in-depth introduction to DBT
dosimetry, and discusses recent studies on several breast
imaging applications, which highlight the potential for
clinical performance improvements due to DBT.
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1. INTRODUCTION

For the past decades, x-ray projection imaging of the
breast, also known as mammography, has been the
workhorse of the breast-imaging suite. Mammography is
the recommended breast-cancer screening tool for most
women. Breast cancer screening with mammography is
estimated to account for about half of the 24% reduction
in breast cancer mortality achieved between 1975 and
2000 [1]. A screening mammography exam consists of
two anatomic projections along the cranio-caudal (CC)
and mediolateral-oblique (MLO) directions for each
breast.

Diagnostic mammography is the primary problem-
solving tool for breast abnormalities. Its uses include the
work-up of screen-detected findings, or the short-term
follow-up of probably benign lesions, with a 31.4%
positive predictive value for biopsy recommendations [2].

Despite these successes, mammography is limited by
tissue superimposition. Overlaying dense tissues can
mask tumors, potentially leading to a missed cancer.
Furthermore, overlapping structures can mimic the
appearance of a tumor and thereby cause a false-positive
recall or biopsy. Tomosynthesis imaging has the
potential to overcome these limitations by adding depth
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resolution to a mammogram [3-6]. In tomosynthesis, a
sequence of projection views is acquired while the x-ray
source travels along an arc. The projections are then
reconstructed into a quasi-three-dimensional image
volume. Conceptually, tomosynthesis could be
considered a limited-angle CT scan.

(a) Acquisition (b) Reconstruction
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Fig. 1 (a) Tomosynthesis data acquisition and (b) shift-and-add image
reconstruction. In this schematic, three source positions (s1-s3) are
shown, while in an actual DBT unit, the number of projection views

ranges between ~10 and 30 (see Table 1).

Tomosynthesis  data  acquisition and image
reconstruction are shown schematically in Fig. 1. Within
the object to be imaged, two structures are located at
different depths, indicated by depth A and depth B (Fig.
la). In each projection view, the x-ray source angle is
different and therefore structures at different depths are
projected onto different locations. Figure 1b shows an
example of shift-and-add reconstruction: A reconstructed
plane at a given depth in the object is obtained by adding
all projection views. Depending on the imaging
geometry, the projections are shifted and minified prior to
summation. As seen in the reconstructed (i.e.,
tomosynthesis) planes A and B, the structure that is
actually located at the corresponding depth is in-focus,
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whereas the structure above or below is blurred. Thus,
each reconstructed tomosynthesis plane contains image
information from the entire object. This is different from
a CT image, where structures outside the reconstructed
image plane are removed entirely.

The principle of tomosynthesis was demonstrated as
early as 1932 by Ziedses des Plantes [7]. Film-based
clinical prototypes were built in the 1970s-1980s [8,9].
Digital breast tomosynthesis (DBT) was pioneered in the
1990s by Niklason, Kopans and colleagues [10,11],
owing to advances in large-area flat-panel detector
technologies [12]. Originally, these detectors were
developed for use in full-field digital mammography
(FFDM), which received approval by the Food and Drug
Administration of the United States (FDA) in 2000.
Piggybacking on these technological advances, digital
breast tomosynthesis received FDA approval for use in
breast cancer screening and diagnosis merely a decade
later.

II. IMAGE CHARACTERISTICS

The overall image appearance of a DBT image is
similar to that of a conventional mammogram. Figures 2
and 3 show examples of benign and malignant breast
masses imaged with mammography and tomosynthesis.

a. b.

Fig. 2 (a) Mammogram and (b) tomosynthesis image of a benign breast
mass (arrows) demonstrating enhanced visibility in the latter.
Reproduced, with permission, from Park JM, Franken EA, Garg M,
Fajardo, LL, Niklason, LT. Breast tomosynthesis: Present
considerations and future applications. Radiographics, 2007, vol 27
Suppl. 1, pages S231-40.

The smooth margin of the benign mass in Fig. 2 is
difficult to perceive in the mammogram because of
overlaying densities that are projected onto the same
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location in the image. In the tomosynthesis image, the
sharp lesion margin is clearly visualized, as confounding
out-of-plane structures are removed (i.e., blurred).

In Figure 3, the tomosynthesis image reveals ductal
infiltration by the cancer, which is not seen in the
mammogram due to masking by overlapping
fibroglandular tissue.

Thus, tomosynthesis potentially depicts benign lesions
more clearly, decreasing recall rates, and reveals breast
lesions that are not seen in a mammogram, thereby
increasing breast cancer detection rates.

a. b.

Fig. 3 (a) Mammogram and (b) tomosynthesis image of a malignant
breast tumor (DCIS). Note the ductal extension of the cancer, seen only
on tomosynthesis (white arrow). Reproduced, with permission, from
Park JM, Franken EA, Garg M, Fajardo, LL, Niklason, LT. Breast
tomosynthesis: Present considerations and future applications.
Radiographics, 2007, vol 27 Suppl. 1, pages S231-40.

The spatial resolution of a tomosynthesis image
volume is highly anisotropic. In planes parallel to the
detector surface, resolution approximates that obtained by
mammography, while depth resolution is poor. Due to the
limited angle scan, depth resolution depends both on the
scan angle (o) and the extent of an object along the scan
direction. As a rule of thumb, an object of extent (x)
persist across a depth (d) of about

d = x/tan(o/2) (1

Thus, depth resolution is better for small structures,
i.e., microcalcifications typically only persist across a few
tomosynthesis planes. Due to the highly anisotropic
image volume, typical voxel dimensions in tomosynthesis
are 100 um x100 pm in-plane, and Imm in-depth.

I1I. SYSTEM DESIGN CONSIDERATIONS

A large number of factors need to be considered when
designing a DBT system. The basic components are
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similar to those of a mammography system, such as the x-
ray source and, for most systems, the flat-panel digital
detector. Therefore, a DBT system can typically also be
used for the acquisition of a conventional projection
mammogram. In fact, the standard imaging protocol of
the Hologic Selenia Dimensions system is to first acquire
a FFDM, and then to retract the anti-scatter grid to
perform a tomosynthesis scan, all while the breast is
under compression. The total dose of this combined 2D +
3D imaging protocol is below the MQSA limit of 3 mGy
per view when imaging the mammographic accreditation
phantom.

However, actual requirements for tomosynthesis differ
from those of a mammography system, and many
represent trade-offs:

X-ray beam quality and gantry motion DBT systems
tend to use higher x-ray tube potentials than what is used
in FFDM, but with a relatively low-Z filter. Overall this
produces x-ray beams with a lower effective energy, but
allows for more efficient x-ray tube operation. [13]. The
x-ray gantry for most tomosynthesis systems travels
along an arc (for an in-depth discussion, see [3,14]).
While the gantry moves, the x-ray beam can be
continuously “on”, or pulsed. Other systems employ a
step-and-shoot operation (Table 1). The advantage of
step-and-shoot over a continuous beam is the elimination
of focal spot motion blur in the projection image. On the
other hand, the overall acquisition time in a step-and-
shoot system tends to be longer, making the system more
susceptible to patient motion.

In most DBT systems, no anti-scatter grid is used
because the source-detector geometry is different in each
projection view. In some systems, the source-detector
configuration remains constant during the scan [15]. This
particular system has minimal scatter because it employs
a slit-scanning photon counting detector. The GE
SenoClaire is advertised to use an anti-scatter grid, but
the actual implementation is proprietary.

X-ray detector The dose-dependence of the detector
DQE is important in tomosynthesis systems, as the
exposure to the detector per projection is at least an order
of magnitude lower than that in FFDM [16]. Since
electronic noise is independent of the detector entrance
exposure, it can exceed quantum noise levels and reduce
detection efficiency. In addition, temporal detector
performance, such as lag and ghosting, needs to be
considered. Electronic readout time should be below that
of the overall scan time, and is sometimes reduced by
pixel binning. In principle, photon-counting detectors are
well suited for tomosynthesis because they do not exhibit
electronic noise and have excellent temporal
performance. Additionally, photon-counting detectors
perform well in low count-rate applications, such as
tomosynthesis [17,18]. Therefore, the Philips (Sectra)
prototype DBT system uses a photon counting detector.
Detectors for tomosynthesis are discussed in detail in
[19].
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Scan parameters The choice of the scan angle, and to
a lesser amount the choice of number of views, greatly
affect image quality of the tomosynthesis image. A
number of investigators have studied the impact of these
parameters on the detection performance over a range of
signal sizes [20-24]. Consensus was found that increasing
the scan angle increases the detectability of tumor-sized
objects (~lcm diameter), while small scan angles
improve detection of small-scale signals, such as
microcalcifications and spiculations (Fig. 4). Current
commercial DBT systems and prototypes utilize a wide
variety of scan parameters (Table 1). The optimal
parameter choice for DBT will likely depend on the
physical factors of the system components, as well as the
image reconstruction algorithm wused. The clinical
application may play a role as well.
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Fig. 4 Ratio of detectability index for a spherical signal in a DBT slice
to that in a single projection, when an equal number of photons is used
to acquire the tomosynthesis scan or the single projection, for scan
angles of 15, 30 and 60, and 11 views (solid line) and 21 views (dashed
line). These data are the result of a tomosynthesis simulation that
assumed an ideal system, without degradation due to physical factors
such as limited x-ray detection efficiency or detector blur. Details of the
simulation can be found in [25] .

Image reconstruction The image reconstruction
algorithm strongly affects the image quality in
tomosynthesis imaging [26-28]. Early systems made use
of modified filtered-back projection algorithms.

Table 1 Design parameters of commercial tomosynthesis units.

Model scan  # of x-ray scan  Reconstruction
angle views operation time  algorithm
(deg) (sec)
Hologic Selenia 15 15 continuous 4.5 FBP-based
Dimensions* (pulsed)
Siemens 50 25 continuous 20 FBP-based
MAMMOMAT (pulsed)
Inspiration**
Giotto** 40 13 step-and- iterative
shoot with
variable
dose/view
GE 24 9 step-and- 7-10  iterative
SenoClaire** shoot (ASIR)

* Approved for breast cancer screening and diagnosis by the Food
and Drug Administration of the United States (US)
** CE mark
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The appeal of this algorithm lies in its simplicity and
short reconstruction time, but it can produce artifacts
when the view sampling is sparse. Additional filtering is
typically used to improve its performance in
tomosynthesis [29,30]. Some DBT systems employ
iterative reconstruction algorithms, which are better
suited to reconstructions from limited angle, few-view
projections (see Table 1) [28,31-33].

IV. RADIATION DOSIMETRY

In gross terms, the breast is composed of three types of
tissue: glandular, adipose and skin. Since the risk of
development of breast cancer in adipose tissue is
minimal, breast radiation dosimetry is concerned only
with the dose deposited in the glandular tissue of the
breast. Therefore, since it was proposed by Hammerstein
et al in 1979 [34], the metric of choice to estimate dose in
x-ray breast imaging is the mean glandular dose (MGD,
sometimes also referred to as the average glandular dose
[AGD]), which means the absorbed dose to all the
glandular tissue of the breast in the field of view. It is
important to note that in breast imaging, due to the use of
x rays of relatively low energy, the variation in the
glandular dose deposited in different regions of the same
breast during one acquisition can vary considerably with
tissue depth [34-36].

One complicating factor for estimating the MGD is
that although glandular tissue tends to be concentrated
towards the center of the breast, the amount and spatial
distribution of glandular and adipose tissue in a breast is
random, and can vary widely among women. To avoid
this complication, Hammerstein et al proposed that, for
comparison purposes among techniques, the MGD be
estimated assuming that the breast is composed of a
homogeneous mixture of adipose and glandular tissue
surrounded by a layer of skin [34]. Of course, since this
definition of the breast tissue is not representative of any
patient breast, Hammerstein et al stated that risk estimates
should not be made from MGD. Recent studies have
shown that using MGD to a homogeneous breast as an
estimate of absorbed dose to the glandular tissue portion
of an actual patient’s breast can result in large errors
[37,38]. For two reasons, however, the use of the MGD
with the homogeneous breast assumption has become the
de facto standard in breast dosimetry. In the first place, it
is very challenging to estimate the actual MGD to an
actual patient breast considering its real tissue
distribution. In addition, for most applications having a
relative, rather than an absolute, dose estimate is
sufficient. Specifically, for quality control and assurance,
technique optimization and comparison of imaging
technologies, having a metric that correlates with risk and
is relatively easy to estimate is not only sufficient, but
desirable. Therefore, the MGD and how it varies with
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patient and imaging system characteristics has been
studied extensively in mammography [39—44].

Of course, these studies do not actually provide and
analyze values for MGD, but rather for its normalized
version, the normalized glandular dose (DyN). This
metric is simply the MGD normalized by the air kerma
(or exposure) at the top surface of the breast (on the side
where the x rays are incident). The DN can be thought of
as the conversion factor from entrance air kerma to MGD.
From the studies of D,N in mammography it is known
that this conversion factor is a function of breast
thickness, glandular density and x-ray spectrum [39—44].
In DBT, the impact on D,N of a new acquisition
parameter, the projection angle, was studied by
Sechopoulos et al [45,46]. In those studies, the authors
found that the impact of the projection angle on D,N
varies only with breast thickness and size, and is mostly
independent of glandular density and x-ray spectrum.
Therefore, Sechopoulos et al proposed that for calculation
of MGD in DBT imaging, the DN data for
mammography could be used with the addition of a new
factor, the relative glandular dose (RGD), which
introduces the variation in D,N due to the variation in
position of the x-ray tube during tomosynthesis
acquisition. Therefore, the RGD was defined as:

DyN(a)

RGD(a) = DN

2

where a is the tomosynthesis projection angle. As is
apparent, D,N(0°) is equivalent to the mammographic
DN for the equivalent acquisition parameters (breast
characteristics and x-ray spectrum). With this definition
of RGD, the MGD for a complete tomosynthesis
acquisition can be estimated using:

MGD = ESAK, - DgN, - ¥y RGD () 3)

where ESAK is the entrance surface air kerma for the
zero-degree projection (equivalent to the mammography
acquisition geometry), DN, is the mammographic DN
conversion factor, and the sum of RGD is over all N
projection angles included in the tomosynthesis
acquisition. This equation can be re-written as:

MGD = ESAK, - DgN, - N - RGD (4)

where, as before, N is the number of projections

included in the tomosynthesis acquisition and RGD is

the mean of all N RGDs for the projection angles
involved in the tomosynthesis acquisition. Since, as
mentioned, RGD is independent of breast density and x-
ray spectrum, for a specific tomosynthesis system, and
therefore for a known distribution of projection angles,

RGD for each specific breast thickness can be
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calculated beforehand and provided in a table.
Sechopoulos et al [45,46] provided tables for D N, and fit
equations for RGD for breast tomosynthesis imaging in
the CC and MLO views. The upcoming Report of Task
Group 223 of the American Association of Physicists in
Medicine (in print) will provide RGD values for a generic

tomosynthesis system and the RGD values for a

number of commercial and advanced prototype
tomosynthesis systems using as a basis the Wu et al
model for mammography breast dosimetry commonly
used in the US [40,41].

Similar modifications to the mammography breast
dosimetry model developed by Dance et al and used in
the United Kingdom, Europe and by the International
Atomic Energy Agency [39,43,47] were made for DBT,
as described by Dance et al [48]. In that nomenclature,

RGD is replaced by t, while RGD is replaced by T, but

their definition is equivalent. In this work, Dance et al
provide values for t and T for generic systems and values
for T for three currently commercial and advanced
prototype DBT systems [48]. Additional tabular values
for normalized glandular dose for x-ray tubes with
tungsten targets were provided by Ma et al [49]. Ma et al
also studied how these values vary with varying
positioning of the breast on the detector, finding that this
can cause a variation in dose of up to 13%.

All the above publications that studied and provided
values for D,N and RGD (or t and T) allow for the
calculation of MGD for breast tomosynthesis for a given
acquisition condition. They do not, however, provide
information on the radiation dose involved in
tomosynthesis acquisition in absolute terms, and therefore
do not provide the information necessary to compare the
actual glandular dose used in DBT to that used in other
modalities, such as conventional mammography. To
obtain dose values in absolute terms and be able to
compare the dose involved in DBT with other breast
imaging modalities, it is necessary to characterize the
ESAK used by the imaging system to acquire an image.
Of course, in a clinical system this value will depend on
the settings of the automatic exposure control (AEC),
which will vary the tube voltage and the tube current-
exposure time product (and in some systems the
additional filter) depending on the imaged breast
characteristics. Typically, the compressed breast
thickness is used to set the tube voltage, while the breast
glandular density is probed with a low-dose scout image
to set the tube current-exposure time product. Depending
on the AEC system, it may also vary the tube voltage
based on the results of the scout image. Given this
variation in acquisition parameters with breast
characteristics, to be able to study the MGD in
tomosynthesis it is necessary to characterize the AEC
system behavior. For this, Feng and Sechopoulos used
custom-made homogeneous breast phantoms of varying
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thickness and equivalent breast density to probe the
acquisition settings used by a commercial DBT system to
acquire both tomosynthesis and mammography images
[50]. Using an ion chamber and a dosimeter they were
able to obtain ESAK values for the range of equivalent
breasts investigated, and, in combination with these
values, Monte Carlo-based D Ny and RGD values were
used to estimate MGD for these breasts. The authors
found that in the majority of cases the MGD from
tomosynthesis was higher than that for mammographic
acquisition, and that for an average breast defined as 5 cm
thick with 50% glandular density the increase was
minimal (8%). However, for a newer definition of an
average breast (6 cm thick and ~15% glandular density),
the difference was larger (83%). It was also found that
given the advances in system technology, the overall
MGD for a combined mammography/tomosynthesis
study is similar to that used for digital mammography
alone just a few years earlier on previous generation
systems [51]. The Feng and Sechopoulos study was
exclusively breast phantom-based, and, as the authors
suggested, it is of interest to compare MGD estimates for
mammography and DBT based on acquisition parameters
used for a large number of actual patients, data that was
not available at the time. In the same year, Strudley et al
reported on quality control procedures used during the
TOMMY trial, a multi-site patient trial performed in the
United Kingdom [52]. These tests included estimation of
the MGD used by the Hologic Selenia Dimensions
systems used in this trial for different breast equivalent
phantoms, and they found similar relationships between
mammography and tomosynthesis MGD as those
reported by Feng and Sechopoulos [50].

In the first study using patient data to characterize
MGD in tomosynthesis, Dance et al tested the
appropriateness of the tomosynthesis dosimetry model
proposed for the European guidelines discussed above by
comparing the MGD estimates following the proposed
protocol with polymethyl methacrylate (PMMA)
phantoms to those obtained when imaging a total of 541
patients with two different commercial DBT systems
[53]. The authors found that the use of the phantoms
resulted in a reasonable estimate of MGD for patients (of
course, still assuming the homogeneous tissue mixture
approximation). In addition, they found a relationship
between mammography and tomosynthesis MGD similar
to that previously reported by Feng and Sechopoulos and
Strudley et al.

Cavagnetto et al also studied the entrance surface air
kerma and MGD from mammography and tomosynthesis,
using the UK/IAEA breast dosimetry model and data on
the image acquisition parameters selected by the AEC
system during acquisition of 300 patient mammography
and tomosynthesis combined exams with a commercial
system [54]. The authors found similar increases in MGD
when comparing the tomosynthesis to the mammography
acquisitions as those reported by Feng and Sechopoulos
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and Strudley et al using phantoms and Dance et al using
patient data. In addition to this comparison, in the same
study, Cavagnetto et al investigated the feasibility of
using metal oxide semiconductor field effect transistor
(MOSFET) dosimeters to measure ESAK in real time
during combined acquisition of a mammography and
tomosynthesis exam for each patient. The authors found
that the use of such detectors is feasible, but that for low
tube current-exposure time products, such as those used
for compressed breast thicknesses below 30 mm, the
measurement noise results in higher-than-desirable
uncertainties in the measurement. However, the authors
point out that this would typically affect only about 2% of
the population of compressed breasts.

In the initial commercial implementation of DBT in
the United States, the acquisition of a complete breast
screening exam included the acquisition of both a
standard 2D mammogram and the tomosynthesis
projections. This resulted in an increase in the glandular
dose from screening as reflected in the works discussed
above. More recently, the introduction of a “synthetic”
mammogram, as discussed below [55], eliminates the
need to acquire the mammogram in addition to the
tomosynthesis projections, substantially reducing the dose
involved in screening with DBT.

To aid in the estimation of MGD for DBT acquisitions,
especially during testing for quality assurance and/or
control in the clinical realm, Li et al compiled the data
presented in tabular form from the various studies
discussed above [37,39,43,45-47,50] and from the quality
control manual of a commercial DBT system [56] and
performed various parameterizations of the different
models [57]. This allowed the authors to provide easy-to-
use electronic spreadsheets that permit the user to enter
the appropriate inputs (e.g. breast thickness, tube
voltage), with the spreadsheet providing the value of the
corresponding factor (e.g. D,N in the case of the US-
based data or g, c, s, and t factors for the UK/TAEA data).
This avoids the need for the user to perform any
interpolation of results from tabular data.

Finally, the introduction of non-normal incidence of x-
rays during tomosynthesis acquisition can necessitate
modifications to the AEC behavior testing during
dosimetry quality assurance and control procedures. To
address this, Bouwman et al [58,59] have introduced a
new set of phantoms, based on PMMA and polyethylene
(PE) slabs of varying thicknesses. These are equivalent to
the set of “standard breasts” [43] used in the European
Guidelines for quality assurance in breast cancer
screening and diagnosis [60] but resolve the possible
issues encountered in tomosynthesis with the previous
methodology.
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V. CLINICAL STUDIES

In 2007, initial studies by Poplack et al. and Rafferty et
al. found breast lesions to be more conspicuous on DBT
than on  conventional = mammograms  [61,62].
Subsequently, several reader studies used enriched
datasets (i.e., a mix of patient cases in which the cancer
prevalence is higher than in a screening population) to
investigate the diagnostic performance of DBT. Based on
125 patient cases, 35 of which had verified breast cancer,
Gur et al. found a 30% reduction in recall rate when
combining mammography with DBT, compared to
mammography alone [63]. In this early study, no benefit
in sensitivity was found. Gennaro et al compared single-
view DBT (MLO) to two-view mammography. Based on
images from 200 patients with at least one breast lesion,
she concluded that DBT performance was not inferior to
mammography [64]. Svahn et al. found higher sensitivity
for single-view DBT, compared to two-view FFDM,
without significant changes in specificity [65].

Breast cancer screening with DBT  Subsequent larger
studies on screening populations corroborated the
findings of increased sensitivity and reduced recall rate.
After introducing routine screening with DBT to their
practice, Rose et al report a reduction of recall rate from
8.7% to 5.5%, based on 13856 women screened with
mammography and 9499 women screened with
mammography plus tomosynthesis [66]. In a
retrospective  study  that  reviewed  screening
mammograms from 13158 women and screening
mammography plus tomosynthesis from 6100 women,
Haas and colleagues found a 30% decrease in recall rate
in women screened with mammography alone (12.0%),
compared to women screened with mammography plus
tomosynthesis (8.4%) [67]. The cancer detection rate was
greater for mammography plus tomosynthesis than for
mammography alone, but the difference was not
statistically significant. A decrease in recall rate was
observed for all breast densities, with statistical
significance for all densities except for predominantly
fatty, which is the breast density for which
mammography sensitivity is highest [68]. Likely, the
difference in cancer detection rate failed to reach
significance because of the relatively smaller number of
cancers compared to the number of recalls, which
requires a larger number of women participating in a
study.

Skaane et al. reported interim results of a prospective
screening study (i.e., the Oslo tomosynthesis screening
trial), which included 12631 women that were screened
within a timeframe of roughly one year. A 31% increase
in cancer detection rate for mammography plus
tomosynthesis (8.0/1000) was found, compared to
mammography alone (6.1/1000) [69]. The false positive
rate for mammography plus tomosynthesis was 5.31%, a
13% reduction compared to that for mammography alone
(6.11%). This more modest reduction in recall rate in
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comparison to the study by Rose et al and Haas et al may
be due to differences in cancer screening strategies in
Europe and the United States [70]. However, this interim
analysis also found that the mean interpretation time
doubled, from an average of 45 sec for mammography
alone to about 90 sec for mammography plus DBT.

Diagnostic imaging with DBT Hakim et al. performed
a preference study comparing DBT with additional
mammographic views [71]. In 81% of the cases,
combined FFDM and DBT was perceived to be equal or
better for diagnosis. This study did not include cases with
microcalcifications alone. The workup of screening
recalls with DBT was investigated by Brandt et al., who
found that assessment with DBT was highly correlated
with that of clinical work-up with additional
mammographic views, in a cohort of 146 women with
abnormalities (excluding calcifications) [72]. Zuley et al.
found that diagnostic performance in terms of area under
the ROC curve (AUC) improved significantly when DBT
was used instead of additional mammographic views,
based on 182 cases that included 217 noncalcified lesions
[73].

Comparing DBT alone with FFDM and FFDM plus
DBT, Thibault et al. and Gennaro et al. were able to show
non-inferiority of DBT alone, using patient data from a
GE prototype [64,74]. Foernvik and colleagues found
DBT alone to be more accurate for the assessment of
lesion size than FFDM, significantly improving the
accuracy of tumor staging [75]. Actual lesion sizes were
verified by ultrasound imaging, and DBT imaging was
performed with a Siemens system. Mun et al. found
similar improvements with a GE DBT prototype [76].

Visualization of microcalcifications with DBT
Spangler and colleagues performed an investigation of
microcalcification imaging with DBT [77]. Their study
included 100 cases with 60 microcalcification clusters (40
benign, 20 malignant). The remaining 40 cases were
normal. The four standard mammographic views, i.e., CC
and MLO images of both breasts, were available for both
FFDM and DBT. Patient cases were acquired using the
Hologic Selenia Dimensions DBT system.
Microcalcification detection sensitivity was higher with
FFDM. This finding held for all microcalcifications, as
well as for both benign and malignant clusters
individually. For calcification clusters that were detected
on both modalities, the difference in AUC in the task of
distinguishing benign from malignant clusters was not
statistically significant. Note that the tomosynthesis
display did allow for “slab-viewing”.

On the other hand, Kopans et al report that conspicuity
of microcalcifications was equal to or better than FFDM
in 92% of 119 sequential cases with calcifications [78].
The patient images used in this study were acquired on a
GE prototype unit, at a dose equivalent to that of two
screen-film mammograms.
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These apparently inconsistent findings could be due to
differences in study design — the first study being an ROC
study, whereas the latter study was a subjective
preference study. Furthermore, patient data for the studies
was collected on different DBT wunits, operated at
different dose levels, and, perhaps importantly, with
different scanning modes (i.e. continuous pulsed vs. step-
and-shoot). Further research is needed to clarify whether
DBT image quality is sufficient for microcalcification
imaging.

VI. PRACTICAL CONSIDERATIONS

One view or two view DBT? Since DBT is a
tomographic modality, presumably a single DBT view
might provide sufficient depth information, so that a
second DBT view might not be needed.

Anderson et al. investigated the detection of subtle
breast masses with DBT in a small study that included 44
cancers in 37 breasts, using a Siemens prototype DBT
system [79]. For each breast, a single-view DBT scan as
well as two-view mammograms were available. 22
masses were more visible on DBT than single-view
mammography, and the BIRADS score of 21 masses was
upgraded. In comparison with two-view mammography,
11 masses were more visible on DBT, and BIRADS
scores of 12 masses were upgraded. Wallis et al.
compared two-view mammography with one or two-view
DBT, using the SECTRA microdose DBT system [80].
Improvement was found for two-view DBT, but not for
single-view DBT. In two studies using patient data
acquired on a GE prototype, both Gennaro et al. and
Thibault et al. found that single-view DBT was not
inferior to two-view FFDM [74,81].

Synthetic 2D The original FDA-approved imaging
sequence of the Hologic Selenia Dimensions unit
consisted of the acquisition of a conventional FFDM
image, followed by the DBT scan. In order to reduce
patient dose, Hologic introduced the use of a synthetic 2D
image to replace the FFDM acquisition. This synthetic
2D image is generated from the tomosynthesis dataset,
making the acquisition of the conventional mammogram
obsolete, and thereby reducing radiation dose
substantially. The “synthetic 2D” image is processed to
emphasize suspicious structures in individual DBT slices,
rather than to approximate a mammographic projection.
In 2013, the FDA approved the replacement of the FFDM
image from the combined FFDM-tomosynthesis exam
with a synthetic 2D.

Two recent studies by Skaane et al. and Zuley et al.
report similar performance when readers used FFDM or
synthetic 2D [82,83]. With an earlier version of the
synthetic 2D, Gur et al. found a slight decrease in cancer
detection sensitivity, but no change in recall rate [55].
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A method to generate synthetic 2D images that
enhance lesion characteristics is described by Schie et al
[84]. Note that this is not the algorithm used by Hologic.
The use of synthetic 2D may also prove useful for
comparison with prior mammograms or DBT images.

Reading time Several studies report significant
increases in reading time with DBT [63,85,86]. Given the
low prevalence of breast cancer in screening populations
with about 5 cancers per 1000 screening exams, longer
reading times will reduce the cost-effectiveness of breast
cancer screening. Computer-aided detection schemes may
potentially help offset the reduction in productivity [87—
90].

VII. CONCLUSIONS

DBT is an emerging tomographic modality for breast
imaging that may potentially replace conventional
projection mammography both for breast cancer
screening and diagnosis. Current clinical studies are
promising and indicate the potential for increased cancer
detection sensitivity and reduced recall rates. However,
several issues need to be addressed to better integrate
DBT into the clinical environment, such as the
development of efficient viewing strategies. Further, if
DBT is to replace FFDM, its clinical performance in
lesions with microcalcifications needs to be ascertained
and possibly improved.
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