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In1922, A.E.M. Bocage (Bocage, 1922) invented the first 
selective slice representation with the planography system. 
Ziedes des Plantes (Ziedes des Plantes, 1931) published his 
first theoretical work and practical experience on planog-
raphy in 1931. Based on this work, the Siemens-Reiniger 
Werke built the first “planigraph” for scientific purposes.

Since then, many different methods with different detec-
tors (from photographic films to x-ray image intensifiers 
to digital detectors) and different types of relative move-
ment (linear and circular, elliptical a.o.) have been tested 
and have evolved into conventional tomography. A major 
drawback of conventional tomography is that only one 
plane can be imaged sharply: the focal plane containing 
the fulcrum (pivoting point) for the mechanical motion of 
the tube relative to the object. The consequence is that 
for each plane to be imaged, an acquisition sweep has to 
be carried out which increases the radiation dose tremen-
dously. Driven by the development of digital detectors and 
fast computers, a similar technique evolved, called digital 
tomosynthesis. This technology allows reconstructing  
retrospectively virtually any slice through the object from 
the stored projection images. The advantage is obvious: 
with the radiation dose of one acquisition sweep, a com-
plete set of slices and thus 3D information can be obtained.

Siemens has designed a 3D tomosynthesis system for 
breast imaging that requires a similar radiation dose as a 
normal digital mammography (DM) and improves diag-
nostic power.

1.2 Expected clinical benefits of tomosynthesis
The main clinical benefit that can be expected from BT  
results from the removal of overlaying tissue in the breast 
(Niklason, 1997). By the superimposition of different tis-
sue types and features, a lesion might not become visible 
because the tissue above or underneath may mask it.  
Vice versa, the superimposition of normal structures in 
the breast may mimic a lesion. Thus, BT can be expected 

1. Introduction
One of 10 women will develop breast cancer at some point 
in her life and 15-20% will die within 5 years following the 
diagnosis. Despite the improvements in different therapy 
modalities, the earlier the tumor is detected the higher are 
the chances of complete cure and a longer relapse-free sur-
vival time. Thus, mammography screening programs have 
been implemented in many western countries and have 
contributed to a significant decrease in the mortality of 
women affected by this illness. This has been proven in 
controlled randomized clinical trials. Digital Mammography 
(DM) is currently the state-of-the-art technology. However, 
mammography suffers from limited sensitivity and speci-
ficity particularly in dense tissue: it renders a two dimen-
sional image of the breast with superimposed tissue that 
is sometimes difficult to interpret, leads to unnecessary 
recalls and does not enable a visualization of malignancies 
in an early stadium.

Siemens, with its long-standing experience in Computed 
Tomography (CT) and 3D imaging, has developed a 3D 
breast tomosynthesis* (BT) system, which improves diag-
nosis by minimizing tissue superimposition and enables 
recognition of micro-calcifications and malignancies in an 
early status.

1.1 Historical background
The original idea of generating 3D information out of 2D 
x-ray images is not new. The earlier practical systems and 
theoretical groundwork date from the 1930s and relied on 
the relative movement of the x-ray tube, the image recep-
tor, and the patient. The history of tomography has been 
well described by S. Webb (Webb, 1990).
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*  Tomosynthesis is not commercially available in all countries. Due  
to regulatory reasons its future availability cannot be guaranteed. 
Please contact your local Siemens organization for further details.
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to decrease the superimposition effect, thus increasing 
the detection rate and reducing the recall rate.

Since BT is still in development as a clinical tool, it is  
currently used mainly for diagnosing women with an  
abnormal screening mammogram or clinical symptoms. 
Several early studies have demonstrated that BT may  
reduce the false positive rate significantly by 30% or more 
when used in combination with mammography (Baker  
et al., 2011).

However, the long-term vision is to apply tomosynthesis 
also in the screening setting. In a first study (Andersson  
et al., 2008) an international team compared the visibility 
or detectability of breast cancers with BT and DM, demon-
strating that the clinical performance of detecting breast 
cancers with BT is significantly better than that of DM, 
thereby making it a candidate for a screening method.

Ongoing large-scale studies that integrate BT as a  
screening procedure will still be needed to demonstrate 
the benefits of BT.

In summary, the expected clinical benefits of BT may be: 
earlier detection of smaller cancers, meaning an increase 
of sensitivity, a reduction of screening recall rates and  
improved specificity.

Furthermore, a reduction of breast compression during 
the procedure may be envisioned, since tomosynthesis 
provides slice images and the image quality does not rely 
on flattening the breast as in DM (Förnvik et al., 2010).

2. Theory of Tomosynthesis
2.1 Principles and limitations
A thorough description of the mathematical tools and tech-
niques that make 3D tomosynthesis an excellent diagnostic 
tool is naturally beyond the scope of this paper. We will 
focus on the principles that enable a 3D reconstruction of 
an object from multiple projection images.

A digital x-ray image of any part of the body is a projection 
on one plane of the x-ray absorption across the tissue it 
encounters on its passage. It will not include any informa-
tion whatsoever about where (in relation to the x-ray direc-
tion or z-axis) the most more or less opaque masses were 
encountered (Figure 2.1).

If the same object is projected again after rotating the  
x-ray tube, the single absorption images will be different 
and will thus provide extra information on the spatial  
location of the various opaque masses in the object  
(Figure 2.2).

A mathematical technique called shift-and-add gives  
an idea as to how the masses are spatially distributed  
(Figure 2.3) and slices parallel to the detector plane can be 
generated. By shifting the single projection views accord-
ing to the height of a certain feature, the information  
of that feature is summed up, whereas the information  
of features from other heights are spread out or smeared 
as in conventional tomography.

Figure 2.1: A single projection will not include any spatial 
information in the x-ray direction (z-axis).

Figure 2.2: The two masses will appear more or less shifted 
according to the position of the x-ray source.
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Figure 2.3: In this example, the shifting and adding of the 3 images enables the location of the two masses on the z-axis.  
Slices perpendicular to the z-axis can be reconstructed, each with accurate spatial information. On the left and right side you see how  
the images must be shifted to get the corresponding planes.

first projection middle projection last projection first projection middle projection last projection

50° angle
25 projections

Slice 1
Slice 2

Figure 2.4a: The back projection of 3 images generates two out-of-plane artifacts as indicated in the first set of back-projected slices.  
25 back projected images result in spread out-of-plane artifacts as shown in the second set of reconstructed slices.

50° angle
25 projections

Slice 2

first projection middle projection last projection

Back projections

3 images 25 images
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Figure 2.4b: Example of the clinical effect of the out-of-plane 
artifacts caused by a calcification in a different plane.

Figure 2.5: Streak artifacts: the left image with 25 projections 
shows less streak artifacts than the right one with only 13 pro-
jections. The lesion can be easier detected in the left image.

25 projections 
(50°, angle increment 2°)

13 projections 
(50°, angle increment 4°)

Figure 2.6: Overshooting artifact: high contrast features such as 
microcalcifications exhibit black rims in scan direction.

A mathematical analysis shows that the shift-and-add  
procedure is equivalent to a back projection process as all 
rays are accumulated in the volume element (voxel) the 
rays contribute to. Reconstructing not only one slice but 
also many others, yields a 3D image of the studied object.
In the case of CT, many projections are acquired over 360° 
around the object providing a huge amount of information. 
The commonly used reconstruction algorithm employed  
in CT is a version of back projection, in particular filtered 
back projection, which excels by minimal distortion and 
high accuracy. However, this type of imaging technique with 
a 360° scan (CT) implies a considerable radiation dose for 
the breast and does currently not provide the necessary 
resolution for visualizing micro-calcifications. Other prac-
tical issues for routine use of dedicated breast CT include 
patient positioning, or tissue coverage at the chest wall 
and axilla, and are in a very early research phase.

Siemens’ 3D breast tomosynthesis (BT) system is based on 
similar principles and uses image reconstruction algorithms 
derived from CT technology. The 3D images are reconstructed 
from a limited number of projections (25) resulting in less 
radiation exposure than a conventional CT scan necessitates. 
However, this also results in a more complicated method 
of 3D reconstruction. Particularly, the out-of-plane (Figure 
2.4a and Figure 2.4b) and streak artifacts (Figure 2.5) that 
are an inherent feature of the limited number of projections 
pose a special image reconstruction challenge.

The severity of out-of-plane artifacts depends on the size 
of the feature/lesion. For small calcifications the vertical 
range (in z-direction) is rather limited. The larger the fea-
ture, the larger the range of the artifacts will be.

The filtering of the reconstruction causes another type  
of artifacts prior to back projection. If the filtering pro-
cesses extend beyond the border of the sampled region  
in frequency space, overshoot artifacts are introduced  
(see Figure 2.6). However, the smaller the feature, the 
weaker the appearance of the artifact will be.

On the one hand, tomosynthesis shows some artifacts 
caused by the missing data. On the other hand, these arti-
facts are well known and can even be used in the reading 
process. For example, all objects being blurred in one slice 
are located out of this slice and not in focus. The over-
shoot artifact emphasizes small objects and thus facilitates 
detection.

2.2 Technical requirements for high quality images
The main challenge in the design of BT is to achieve an 
image quality that will render maximum clinical benefits 
with a limited radiation dose, i.e. that will provide an  
improvement to mammography at the same or even lower 
dose to the patient.

The parameters and techniques that affect image quality 
are: quality of each projection, number of projections,  
angular range of the projections, and, last but not least, 
the image reconstruction algorithm.

The quality of each projection is determined by the radia-
tion dose and the detector used. High detective quantum 
efficiency (DQE) detectors that can deliver images with a 
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high signal-to-noise ratio (SNR) despite the very low x-ray 
exposure are required. The detector’s low noise feature  
is key, since the total exposure has to be split into many 
single projections. But also the x-ray spectrum, i.e. the  
anode/filter combination and the tube voltage has to be 
chosen deliberately.

With respect to the number of projections, fewer projection 
views will render less information to reconstruct the real 
3D volume. A larger angular range will directly affect the 
depth resolution of the system as shown in Figure 2.7 since 
objects in different depths can be better separated. In other 
words, the physical slice width decreases with a larger  
angular range and tissue overlap is reduced. In addition, 
out-of-plane artifacts are reduced as they are spread over 
a wider range in the plane considered. Most importantly, 
as there is more information available, relatively large but 
subtle lesions can be imaged with a higher contrast.

On the other hand, a larger angular range may reduce the 
accessible volume that can be imaged using a stationary 
detector. The goal is to optimize to gather sufficient infor-
mation of the larger volume and a good image quality even 
if some parts might not be covered by all projections.

The number of projection views at a given angular range 
is another important design parameter. An angular incre-
ment which is too large will introduce streak artifacts as 
known from CT. However, the number of projections is 
limited by the performance of the detector, supposing the 
dose applied to the patient has to be limited. Also the 
scan duration will be longer with increasing number of 
projections.

Multiple combinations of the parameters and methods 
mentioned above are being tested by several groups in 
various prototypes such as: a 40° angular range with only 
11 projections and variable x-ray intensity per projection 
with an iterative reconstruction algorithm; 15° angular 
range, 15 projections, a constant x-ray intensity and a fil-
tered back projection algorithm among others.

Siemens has developed a BT system and a filtered back 
projection algorithm optimized to comply with the needs 
of the radiologist: a clear 3D analysis of calcifications  
and lesions’ distribution together with adequate contrast 
enhancement of tissue characteristics and masses.

3. Siemens’ 3D breast  
tomosynthesis
3.1 Image acquisition 
The setting for the BT procedure is similar to that of a DM. 
The breast is compressed on the object table containing  
a full-field DM detector with the following characteristics: 
high DQE direct-converting amorphous selenium (a-Se) 
flat panel with an array of 2816 x 3584 pixels, a 85 µm 
pixel pitch rendering an active area of 23.9 cm x 30.5 cm 
and high-speed, low-noise digital images. The read time of 
the detector is optimized for BT imaging and the 25 pro-
jections over an angular range of 50° can be acquired with 
full detector resolution within approximately 20 seconds 

Figure 3.1: Twenty-five (25) projection images are acquired by 
the detector as the x-ray source rotates from +25° to -25° angle 
degrees and saved as DICOM MG objects for further processing. 

Figure 2.7: The angular range of the tomosynthesis system will 
directly affect the depth resolution. Two projections at ± 7,5° 
will not be able to separate the two spheres. Two projections at 
± 25° can separate the two spheres due to an adequate depth 
resolution.

versus

0 +7,5°-7,5° -25° +25°0

X-ray tube

+25°-25°

Compression paddle

Detector paddle
Air gap
Se detector

Breast
Center of Rotation
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Figure 3.2: Schematic diagram of the FBP algorithm with the different filtering and processing steps. 

Raw  
projections

   3D Dataset
 (postprocessed

tomosynthesis slices)

in the current version. The tungsten/rhodium spectrum of 
the high-power x-ray tube employed in the Siemens sys-
tem ensures high quality of the projection images at low 
patient dose.

To optimize the set of parameters and minimize the impact 
of the constraints discussed in section 2.2, Siemens’ BT  
acquires 25 images as short pulses during a continuous* 
scan of ± 25° relative to the 0° position with a 2° angle  
increment per image and a stationary detector. The exact 
angle of each projection is measured on-line during the 
scan to make usage of the exact geometry for the 3D recon-
struction which is essential in the back projection step. 
The rotation center is at 4.7 cm above the detector surface. 
The distance between the x-ray source and the detector 
surface is approximately 66 cm as in normal screening 
mammography (see Figure 3.1).

These image acquisition parameters are the result of a 
thorough analysis and provide the optimal compromise 
between image quality, dose, and field-of-view. They have 
been analyzed in detail and reinforced by the following 
authors:

Bissonnette et al., presented the system for the first time 
and investigated the impact of the number of projections 

on image quality and artifacts. Using a sponge phantom, 
the authors demonstrated that the streak artifacts seen 
with 13 projections were largely reduced if 25 projections 
were used. The authors also describe the first tests of the 
system in human subjects, which showed promising results 
(Bissonnette et al., 2005).

Mertelmeier et al. studied the relationship between  
angular range and number of projections with a phantom 
consisting of two 1 mm diameter metal balls and with a 
clinical data set consisting of 25 projections over 45°. The 
authors showed that the two balls of the phantom could 
be visually separated with a ± 20° scan but not with a scan 
angle of ± 10°. The influence of the number of projections 
and streak artifacts was shown using the clinical data set: 
the less projections were used, the more pronounced were 
the streak artifacts. The authors also explain why the image 
quality of large, low contrast objects could also be improved 
despite the higher background noise for a wider scan 
(Mertelmeier et al., 2008).

Zhao et al. investigated the dependence of image quality 
on angular range and detector operational mode. They 
found that increasing the angular range from 20° to 40° 
improved the detection of large-area, low-contrast masses 
in the phantom used (Zhao et al., 2009).

There are several more studies on the subject of optimizing 
the tomosynthesis angle. Using a mathematical observer 
model, Chawla et al. found in a study with simulated 3 mm 
masses embedded in real mastectomy images that the 

*  A continuous scan avoids mechanical instabilities when compared to 
the “step and shoot“ mode.

Preprocessing Filtering Backprojection
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Figure 3.4a: 68-year-old woman, 1.5 cm invasively growing 
carcinoma, mixed with 2 cm DCIS. The lesion and its delineation  
are better visible with tomosynthesis. The fact that micro-
calcifications are positioned in the neighbourhood of the tumour 
suggests a DCIS component.  
(With courtesy of KU Leuven, Belgium, Prof. van Ongeval and  
Dr. van Steen).

Figure 3.4b: 76-year-old woman, 0.9 mm intraductal invasively 
growing  carcinoma, BIRADS 5, density ACR 2. Tumor evaluation is 
better with tomosynthesis than with DM.
(With courtesy of MVZ Prof. Dr. Uhlenbrock & Partner,  
Prof. Dr. Detlev Uhlenbrock)

performance improved with an increase in the angular span 
(Chawla et al., 2009). The best performance was obtained 
for 15–17 projections spanning an angular arc of appr. 
45° which is close to the Siemens design. This study is in 
good agreement with the investigation of Van de Sompel 
which proved, under isostudy dose conditions, an increase 
of mass detection performance with the angular range, 
practically independent of the reconstruction algorithms 
(Van de Sompel et al., 2011). In another simulation study 
it was concluded that increasing the angle up to 60° (max-
imum angle in that study) increases the vertical resolution 
(Sechopoulos et al., 2009).  Task-based detection for dif-
ferent sampling modes was studied by Reiser and Nishika-
wa, 2010. They found that the detection of signals from le-
sions larger than 0.5 mm improved with increasing scan 
angle, independent of the noise level. However, for small-
scale signals as well as for high quantum noise the scan 
angle has little influence: The sampling density has to be 
sufficiently high with an angular increment of smaller 
than 3° (Reiser and Nishikawa, 2010).

As a result of these investigations, Siemens has set the  
parameters to 25 projections over a relatively large scan 
angle of 50°.

3.2 3D Image reconstruction
As mentioned before, moving the x-ray tube over an arc  
of ± 25° generates the data for reconstruction. The set of 
25 images are then filtered and back projected. However, 
this limited number of projections (25) that is available  
for the 3D reconstruction results in artifacts inherent to 
the method as discussed previously (see Figures chapter 
2.2). These can be reduced by adjusting and tuning the 
reconstruction algorithm to the inverse problem with  
incomplete data.

Based on Siemens’ extensive experience in CT reconstruc-
tion algorithms as well as intense research, a dedicated  
filtered back projection (FBP) reconstruction algorithm  
has been designed (Figure 3.2). Particularly important are 
the filters that reduce the artifacts and noise mentioned 
above.

The complete filtering process is an optimal combination 
of 3 filters that includes a ramp type filter, a spectral filter 
and a so-called “slice-thickness filter”. The ramp-type filter 
compensates for the blurring introduced by the back pro-
jection. The spectral filter reduces high-frequency noise. 
Both these filters are similar to those used in standard CT 
reconstruction. The third filter, called “slice thickness filter” 
as introduced by Lauritsch and Haerer, ensures a constant 
depth resolution to a certain degree (Lauritsch and Haerer, 
1998). It controls the spatial slice sensitivity profile and 
suppresses the out-of-plane artifacts typical for BT.

This dedicated FBP algorithm is particularly apt to provide 
a pronounced appearance of (spiculated) masses and archi-
tectural distortions and is very well suited for visualizing 
breast tissue. The filter parameter can be tuned for the spe-
cific imaging task. The Siemens BT system enables the user 
to select between several parameter settings, for example 
emphasizing soft tissue lesions or enhancing calcifications.

Tomo slice 2D DM

Tomo slice 2D DM
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Mertelmeier et al. applied these filters to simulated data 
to analyze the effects of the different filtering steps on the 
images, and to clinical data sets acquired with a research 
BT system. They demonstrated that the slice thickness could 
be kept approximately constant throughout the relevant 
sampled range and that the artifacts due to incomplete 
sampling could be suppressed (Mertelmeier et al., 2006).

Zhao et al. found that a slice thickness filter as described 
for linear BT in Mertelmeier 2006 reduces the reconstruc-
tion noise and improves the contrast-to-noise ratio in the 
slices (Zhao et al., 2009).

The results of the optimal combination of these filters  
and the complete back projection algorithm are shown in 
Figure 3.4a and Figure 3.4b.

3.3 Image display and reading
Siemens’ BT is based on the MAMMOMAT Inspiration DM 
unit. Breast positioning and system operation is the same 
as for the DM system, making it easy to use for technicians 
and radiological professionals accustomed to use the 
MAMMOMAT Inspiration system.

The results of the BT processing are displayed on the  
reading and reporting workstation. It is important to follow 
DICOM standards so that BT images can be viewed on  
any PACS workstation which is able to read the standard. 
Siemens tomosynthesis slices are stored as DICOM CT  
images, so that most of the known workstations are able  
to display the images correctly. To optimize the reading  
a dedicated workstation is favorable, such as the syngo 
MammoReport. The so-called TomoViewer is specifically 
designed for the fast loading of the tomosynthesis data sets 
and fast stepping through the slices. The reading physi-
cian can easily scroll through slices that have been recon-
structed and review the whole depth of the breast, no 
matter how big the breast is (bigger breasts will result in 
more slices than smaller breasts). All routine applications 
such as magnifying glass, measurement tools, configu-
rable hangings, correct sizing are available to support easy 
and fast reading. Since the image processing has been 
adapted particularly for breast tissue, it renders excellent 
image quality which enables the physician to easily iden-
tify important markers such as: spiculated masses, micro-
calcifications, etc. 

For dedicated questions specific display algorithms such 
as maximum intensity projection (MIP) or average projec-
tion can be applied to support an easier evaluation of the 
tissue.

4. Review of Clinical Studies
The field of breast tomosynthesis is in its early stage  
and the list of clinical studies presented here cannot be  
exhaustive.

There is general agreement that BT in combination with 
mammography has a positive effect on recalls. In a rela-
tively large study (Rafferty et al., 2007, Smith et al., 2008), 

radiologists could reduce the false positive recall rate by 
43% without compromising sensitivity.

Similar results for the reduction of recall rates with a com-
bined use of full-field DM and BT was reported by several 
other authors (Poplack et al., 2007, Gur et al., 2009) and 
in countries in which recall rates are high, such as in the 
USA.

Using BT as an additional diagnostic tool to reduce recall 
rates would spare many women an invasive diagnostic pro-
cedure (e.g. excision or aspiration biopsy) and the related 
anxiety.

Even though there is still some controversy as to whether 
BT is more sensitive and specific than full-field DM, inves-
tigators have found that BT improves the detection of can-
cerous tissue and enables a better classification of lesions. 
Particularly masses, and architectural distortions are visual-
ized more easily (Baker and Lo, 2011). Other authors have 
found that 3/4 of the detected cancers were more visible 
with BT and 50% of these were upgraded in the BI-RADs 
classification (Andersson et al., 2008), which is an indica-
tion for a possibly increased sensitivity. The same group 
published the comparison of the diagnostic performance 
of single-view (MLO only) tomosynthesis with dual-view 
digital mammography. In the statistical evaluation, BT 
proved to be superior to DM (Svahn et al., 2010). One  
author (Teerstra et al., 2010) found the sensitivity of BT in 
combination with mammography to be 93% with a specifi-
city of 84% in cancers with BI-RADs 4 and 5 – these values 
being similar to those of DM. However, if BI-RADS 3 cases 
were considered negative in that study, the sensitivity of 
tomosynthesis in combination with mammography turned 
out to be 80% vs. 73% of mammography alone, with basi-
cally the same specificity for both modalities (96% vs. 97%).

All studies published to date have been conducted in women 
with pathologic or unclear findings in the DM images or  
in enriched (with cancer cases) screening populations. In 
order to fully evaluate the potential of BT to detect tumors 
in earlier stages that have not been detected with DM, 
screening studies comparing both methods are necessary. 
Two of those screening studies are currently ongoing, one 
in Oslo, and one in Malmö (Tingberg et al., 2011).

BT seems to have some advantages also for imaging prior 
to surgery. In the study by Förnvik et al., it was found that 
tumor sizes could thus be more accurately assessed than 
with digital mammography or sonography (Förnvik et al., 
2010a).

A further beneficial aspect for women could be the lower 
compression pressure. A DM procedure is painful for many 
women due to the required breast compression. Without 
compressing the breast, the overlapping of the different 
breast areas would render a useless DM image. It is assumed 
that a certain percentage of women do not participate in 
mammographic screening programs due to the anxiety 
generated by the procedure. Including BT as an alternative 
to DM in screening programs could prove useful in this 
case. One study confirmed the theoretical results of Saun-
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ders et al. that the image quality remains the same with 
12% to 50% less compression force to the breast (Förnvik 
et al., 2010, Saunders et al., 2009).

To summarize: the clinical benefits for the patients and 
physicians include a more comfortable procedure, more 
confidence in the diagnostic results, as well as less recalls 
and biopsies.

5. Future perspectives
5.1 Tomosynthesis as a screening tool
The BT procedure itself and the reading of the multiple  
3D slices that the method delivers make it difficult to  
use BT in a screening setting where a high throughput is 
required. It is still to be investigated if BT should be offered 
as a diagnostic tool for only those women that have very 
dense breast tissue or are high-risk candidates according 
to previous findings or family history. Eventually, with  
the implementation of faster reporting workstations and 
the training of radiologists, 50 BT reads per hour may be 
achieved, as is the goal of an ongoing screening study in 
Malmö, Sweden.

5.2 Further technological developments
Future improved BT systems could provide an easy to read 
3D model of the breast with the same processing time as 
for a normal full-field DM, or even automatic recognition 
of abnormal tissue that would render feasible an integra-
tion of the BT in a screening set up (Singh, 2008). Future 
BT systems may even have alternative reconstruction algo-
rithms or better filters particularly designed to depict micro-
calcifications and abnormal tissue. Eventually, different 
sets of 3D images processed with different slice depths 
could be provided. This could enable a faster view of the 
whole breast and a detailed analysis of those regions that 
look suspicious.

6. Conclusion
BT is a young technology based on theoretical and scien-
tific visions of the last century. The practical implementa-
tion of this imaging modality became possible with the 
development of flat-panel detectors and digital-image 
processing techniques on fast computers. The longstand-
ing experience in CT imaging and the intensive research  
in tomosynthesis system design and reconstruction algo-
rithms that Siemens invested in in the last decade, have 
resulted in a user-friendly BT system with a high specificity 
and sensitivity level. Siemens’ BT has already been adopted 
as an accurate and valuable tool in the diagnosis of breast 
cancer and is already being tested as a screening tool.  
Further developments will make it even more invaluable 
in the diagnostic field and in a routine screening setting.

10



7. Bibliography
Andersson I, Ikeda DM, Zackrisson S, Ruschin M, Svahn T, Timberg P, 
Tingberg A: Breast tomosynthesis and digital mammography:  
a comparison of breast cancer visibility and BIRADS classification in  
a population of cancers with subtle mammographic findings.  
Eur. Radiol. 18, 2817-2825 (2008)

Baker JA, Lo JY: Breast Tomosynthesis: State-of-the-Art and Review of 
the Literature. Acad. Radiol. 18, 1298–1310 (2011)

Bissonnette M, Hansroul M, Masson E, Savard S, Cadieux S,  
Warmoes P, Gravel D, Agopyan J, Polischuk B, Haerer W, Mertelmeier T, 
Lo JY, Chen Y, Dobbins III JT, Jesneck JL, and Singh S: Digital breast 
tomosynthesis using an amorphous selenium flat panel detector. Proc. 
SPIE Vol. 5745, 529-540 (2005)

Bocage AEM: Procédé et dispositifs de radiographie sur plaque en 
mouvement. Französisches Patent 536464 (1922)

Chawla AS, Lo JY, Baker JA, Samei E: Optimized image acquisition  
for breast tomosynthesis in projection and reconstruction space.  
Med. Phys. 36, 4859-4869 (2009)

Förnvik D, Andersson I, Svahn T et al.: The Effect Of Reduced Breast 
Compression In Breast Tomosynthesis: Human Observer Study Using 
Clinical Cases. Radiation Protection Dosimetry 139, 118-123 (2010)

Förnvik D, Zackrisson S, Ljungberg O, Svahn T, Timberg P, Tingberg A, 
Andersson I: Breast tomosynthesis: Accuracy of tumor measurement 
compared with digital mammography. Acta Radiol. 51(3), 240-247 
(2010)

Gur D, Abrams GS, Chough DM et al.: Digital Breast Tomosynthesis: 
Observer Performance Study. Am. J. Roentg. 193, 586-591 (2009)

Lauritsch G, Haerer WH, A theoretical framework for filtered back-
projection in tomosynthesis“, Proc. SPIE 3338, 1127-1137 (1998)

Mertelmeier T, Ludwig J, Zhao B, Zhao W: Optimization of tomo- 
synthesis acquisition parameters: angular range and number of  
projections. In Krupinski E (ed.) Lecture Notes in Computer Science 
5116, Digital Mammography, 9th International Workshop, IWDM 
2008, 220-227, Springer-Verlag Berlin Heidelberg (2008)

Mertelmeier T, Orman J, Haerer W, Kumar MK: Optimizing filtered 
backprojection reconstruction for a breast tomosynthesis prototype 
device. Proc. SPIE 6142, 61420F-1 (2006)

Niklason LT, Christian BD, Niklason LE et al.: Digital tomosynthesis in 
breast imaging. Radiology 1997;  205, 399-406 (1997)

Poplack SP, Tosteson TD, Kogel CA, Nagy HM: Digital Breast Tomo-
synthesis: Initial experience in 98 women with abnormal digital 
screening mammography. Am. J. Roentg. 189, 616-623 (2007)

Rafferty E, Niklason L, Halpern E, Sumkin J., Park JM, Poplack S:  
Assessing Radiologist Performance Using Combined Full-Field Digital 
Mammography and Breast Tomosynthesis Versus Full-Field Digital 
Mammography Alone: Results of a Multi-Center, Multi-Reader Trial, 
Abstract SSE26-02, RSNA (2007)

Reiser I, Nishikawa RM: Task-based assessment of breast tomo- 
synthesis Effect of acquisition parameters and quantum noise.  
Med. Phys. 37, 1591-1600 (2010)

Saunders RS, Jr., Samei E, Lo JY, Baker JA: “Can compression be  
reduced for breast tomosynthesis? Monte Carlo study on mass and 
microcalcification conspicuity in tomosynthesis,” Radiology 251 (3), 
673-82 (2009)

Sechopoulos I, Ghetti C: Optimization of the acquisition geometry in 
digital tomosynthesis of the breast. Med. Phys. 36, 1199-1207 (2009)

Singh S, Tourassi GD, Baker JA et al: Automated breast mass detection 
in 3D reconstructed tomosynthesis volumes: A featureless approach. 
Med. Phys. 35, 3626-2636 (2008)

Smith AP, Rafferty EA, Niklason L: Clinical performance of breast  
tomosynthesis as a function of radiologist experience level. In  
Krupinski E (ed.) Lecture Notes in Computer Science 5116, Digital 
Mammography, 9th International Workshop, IWDM 2008, 61-66, 
Springer-Verlag Berlin Heidelberg (2008)

Svahn T, Andersson I, Chakraborty D, Svensson S, Ikeda D, Förnvik D, 
Timberg P, Mattsson S, Tingberg A, Zackrisson S: The Diagnostic  
Accuracy Of Dual-View Digital Mammography, Single-View Breast  
Tomosynthesis And A Dual-View Combination Of Breast Tomo- 
synthesis And Digital Mammography In A Free-Response Observer 
Performance Study. Radiation Protection Dosimetry 139, 113-117 
(2010)

Teertstra HJ, Loo CE, van den Bosch MAAJ et al.: Breast tomosynthesis 
in clinical practice: initial results. Eur. Radiol. 20, 16-24 (2010)

Tingberg A, Förnvik D, Mattsson S, Svahn T, Timberg P, Zackrisson S: 
Breast cancer screening with tomosynthesis – initial experiences.  
Radiation Protection Dosimetry, doi:10.1093/rpd/ncr296 July 5 (2011) 

Van de Sompel D, Brady M, Boone J: Task-based performance analysis 
of FBP, SART and ML for digital breast tomosynthesis using signal  
CNR and Channelised Hotelling Observers. Medical Image Analysis 
15, 53-70 (2011)

Webb S: From the watching of shadows: The origins of radiological 
tomography. Adam Hilger, Bristol and New York (1990)

Zhao B, Zhou J, Hu Y-H, Mertelmeier T, Ludwig J, Zhao W:  
Experimental Validation of a Three-dimensional Linear System Model 
for Breast Tomosynthesis. Med. Phys. 36, 240-251 (2009)

Ziedes des Plantes BG: Een bijzondere methode voor het maken van 
Röntgenphoto’s van schedel en wervelkolom. Ned. Tijdschr. Geneesk. 
1931; 75, 5218-5222

Ziedes des Plantes BG: Eine neue Methode zur Differenzierung in der 
Roentgenographie (Planigraphie). Acta Radiol. 13, 182-192 (1932)

11



www.siemens.com/healthcare

Global Siemens Headquarters
Siemens AG
Wittelsbacherplatz 2
80333 Muenchen
Germany

Legal Manufacturer
Siemens AG
Wittelsbacherplatz 2
DE-80333 Muenchen
Germany

Global Siemens 
Healthcare Headquarters 
Siemens AG
Healthcare Sector
Henkestr. 127
91052 Erlangen
Germany
Phone: +49 9131 84-0
www.siemens.com/healthcare

Global Business Unit
Siemens AG
Medical Solutions
X-Ray Products
Henkestr. 127
91052 Erlangen
Germany
Phone: +49 9131 84-0
www.siemens.com/healthcare

The information in this document con-
tains general descriptions of the technical 
options available and may not always  
apply in individual cases.

The required features should therefore  
be specified in each individual case at 
completion of contract. Siemens reserves 
the right to modify the design and speci-
fications contained herein without prior 
notice. Please contact your local Siemens 
sales representative for the most current 
information.

Original images always lose a certain 
amount of detail when reproduced.

Please find fitting accessories:  
www.siemens.com/medical-accessories

Order No. A91XP-30011-25C1-7600 | Printed in Germany | CC 41 04132. | © 04.2013, Siemens AG


