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This article summarizes the clinical aspects of digital breast tomosynthesis.

Some topics on physics are mentioned in this paper, but more details are described in 
the technical papers. Matters concerning laws and regulations are country-specific and 
currently under evaluation. This is not covered in this article.
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Why Breast Tomosynthesis?

while the X-ray tube moves through an arc above the  
stationary detector (3, 4).
The result is a 3D data set of the entire breast volume.  
The individual “planes of interest” of a chosen slice  
separation/slice distance, usually 1 mm, can be viewed 
separately from the rest of the image, thereby reducing 
the impact of anatomical noise. The individual slice shows 
enhancement of a lesion, while there is a blurring of the 
out-of-focus information of the breast tissue.
The angular span of the tube is up to 50 degrees (20-60) 
and the number of projections is usually 25 or less.  
Expanding the angle and number of slices does not seem 
to give any further diagnostic information and may pro-
long the examination time and patient motion noise as well 
as raise the dose (5, 6). As an adjunct, 1 cm thick slices  
may provide additional information because of a better 
delineation of lesions, especially tumors (7). It may also  
facilitate a quicker look through the whole breast before 
turning to the 1 mm slices. This is under evaluation.
Reconstruction of slices is still done parallel to the detec-
tor plane. Future developments which allow you to choose 
different reconstruction planes in the 3D volume set may 
expand the diagnostic value of the procedure. Due to the 
limited acquisition angle the possibilities cannot be com-
pared to computed tomography.

Breast cancer is one of the most common cancers in  
women in the Northern Hemisphere. More than 10% of  
all women can expect to have some manifestation of the 
disease during their lifetime. Although earlier detection 
and better treatment may have reduced mortality in recent 
years, 30% of women with breast cancer will die from the 
disease.
X-ray mammography is still the golden standard of inves-
tigational procedures. Digital mammography has improved 
diagnostics, especially in younger women and in denser 
breasts, and CAD can be of some help. However, every  
effort is necessary to raise the early cancer detection rate 
and thereby reduce the mortality rate.
The sensitivity of mammography alone decreases with  
increasing parenchymal density. Numbers of missed can-
cers in very dense breasts have been reported to be as 
high as 52% – 76% (1, 2); in analog screening programs, up 
to 30% of detectable cancers were not detected.
There are numerous reasons for this, the most important 
being the “structured” or anatomical noise produced by the 
overlapping tissue structures in the 2D imaging of a 3D 
object.
Misinterpretation of architectural distortion and asymmet-
rical density, fibroglandular tissue overlapping the cancer 
and obscuring the margins of the cancer lead to false  
negative results. False positive findings which may mimic 
cancer can also be a result of these summation artefacts. 
The diffuse growth pattern of some tumors with ill-defined 
borders presents a special problem.
Early detection of breast cancer is mandatory. Treatment 
will be less invasive and prognosis much better for the 
small noninvasive tumors or clusters of microcalcifications 
associated with DCIS. Any procedure which can reduce  
the anatomical noise has the potential of improving early 
breast cancer detection.

Background
Tomography is a well known procedure in radiography. 
Analog tomography of the female breast is not feasible 
(moving table, dose). With digital breast tomography (DBT) 
came new possibilities. The procedure was first described 
approximately 25 years ago. In later years an increasing 
number of reports and studies have discussed the diffi-
culties and possible benefits of DBT. Still, a search in April 
2010 in the public literature databases of PubMed and 
Embase revealed only a hundred papers and communica-
tions on the topic for the last 2 years.
DBT is a three-dimensional imaging technique which pro-
vides an arbitrary set of reconstruction planes in the breast 
from a limited angle series of projection images acquired Figure 1: The Principle of Tomosynthesis
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Clinical Considerations

who still want to participate in the screening program  
but are at high risk and/or have very dense breast tissue as 
found during an earlier screening procedure, or for those 
who present with new clinical symptoms. These topics will 
be addressed in further studies.

Compression
Mammography can be unpleasant, because the compres-
sion of the breast is painful. Some women may even refrain 
from further mammographic procedures.
DBT requires a scan time of 20 seconds (see above) which 
may cause further discomfort and thus create motion  
artefacts.
In a phantom study, Saunders et al. (10) found that for  
a constant glandular dose, mass and microcalcification 
conspicuity remained almost constant with decreasing 
compression, up to 12%.
Förnvik et al. (11) found that compression could be per-
formed using only half of the force automatically proposed 
by the equipment before exposure without losing any  
important diagnostic information. There was a tendency 
to more noise in the thickest part of the breast (oblique 
projection, pectoral area) but this presented no difficulties 
for the readers.
Reduced compression is also of value in contrast-enhanced 
tomosynthesis (CE-DBT) for ensuring appropriate blood 
flow in the breast (12, 27).

Reading Time
Of course, adding any tool to the diagnostic process of 
reading screening mammograms will prolong the reading 
time. A very recent study (13) concludes that when adding 
DBT to FFDM the time to review and evaluate an examina-
tion increases by 33% compared to reading the FFDM  
images alone in a previous setting.
Good et al. (14) found, in a small study, that reading of  
DBT studies took almost double the time of reading FFDM 
studies alone. There were significant differences between 
the reading radiologists, but in general malignant cases 
took a little longer to finish than benign cases.
Gur et al. (15) report a 50% longer reading time for  
FFDM + DBT studies compared to FFDM alone. In a personal 
communication (16), Ingvar Andersson, Malmö, Sweden, 
who experienced a 50% increase in reading DBT v. FFDM, 
declares that the goal is to achieve a speed of 50 read DBT 
cases per hour in a coming large-scale screening trial.  
But much depends on the training of the radiologists and 
on the performance and facilities of the reporting work-
station.

Dose
The radiation dose for one DBT procedure in the CC or 
MLO projection is generally comparable to the dose of a 
two-view screening mammogram: 1–2 mGy in average 
glandular dose (AGD). The beam quality is similar to that 
of mammography (4). European Guidelines suggest that the 
AGD for one mammography exposure to a standard breast 
of 4.5 cm thickness should be kept below 2.5 mGy (8).
Andersson et al. found the mean absorbed dose (expo-
sure angle range 50 degrees, 25 projections, scan time  
20 seconds) to be double the dose of a one-view digital 
mammogram: approx.1.6 mGy (9). Teertstra et al. (22) found 
an AGD of 1.74 mGy.
One DBT procedure is well below the guideline dose.
Further investigations will show whether a dose reduction 
is possible without losing important diagnostic information.
If DBT is used in a screening setting, at least one of the 
screening mammograms could be replaced by the DBT pro-
cedure. For the individual woman this indicates a larger 
dose. If DBT can replace all screening projections, dose will 
be the same as today provided one-view tomosynthesis is 
sufficient from a diagnostic point of view.
In a clinical follow-up DBT will replace at least one and may 
be all additional projections. For the total population DBT, 
if used in screening, should lead to a lower acquired dose 
if many recalls and further mammographic examinations 
can be avoided.

Acquisition Time/Clinical Throughput
Currently the through-put of one tomosynthesis system 
can be up to 8–10 patients per hour if performing FFDM 
with DBT. Correct positioning is essential. The scan time 
can be up to 25 seconds depending on the angular range 
and the number of projections.
As mentioned above, scan time and dose have to be con-
sidered under the aspect of obtaining better image quality 
and more clinical information.
Therefore a longer examination (scan) time is feasible in 
the clinical follow-up situation where usually only a few 
patients are scheduled per hour. It would, however, never 
fulfill the requirements in the screening room if all women 
were scheduled to have one or two DBT per breast. The 
discussion of whether to use DBT in one projection (MLO) 
or both will be solved by coming screening trials.
Performing DBT on all women may not be justified since 
25% of screening participants have fatty breasts.
Offering DBT in general for most screening participants 
would mean a huge investment in equipment, rooms and 
personnel.
At the moment, a better way of performing the DBT exami-
nation seems to be to reserve DBT for clinical examinations 
of both first-timer and follow-up patients, and for women 
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Clinical Benefits of Tomosynthesis?

The distribution of clusters of microcalcifications was  
seen easily enough although the morphologic details of 
individual calcifications were blurred.
10% of cancers (4 patients) were not found with either  
examination and one was missed with DBT because of its 
closeness to the thoracic wall, i.e. mispositioning.
Svahn (21) from the same group found that one-view DBT  
+ one-view FFDM, usually the CC projection, had superior 
specificity to two-view FFDM.
Teertstra et al. (22) found the sensitivity in cancer detection 
to be 93% and the specificity to be 84/86% (BI-RADS 4+5 
cases) for both DBT and FFDM.
3% of cancers, all invasive lobular carcinomas, were not 
visible with either modality. 7% of cancers were false  
negatives with DBT, and these would, of course, have been 
missed in a screening setting with DBT alone, as well as 
with FFDM. Pathology revealed an overrepresentation of 
ILCs, the rest being IDCs and DCISs. The majority of biopsy-
proven benign cases, where DBT had initially classified  
the lesion as BI-RADS 4 or 5 (false positives), were benign 
microcalcifications, a few cysts and some benign architec-
tural distortions. One third in this false-positive group 
were suspected masses or densities, but all with negative 
biopsies and follow-ups.

Recall Rate
There seems to be a general agreement that DBT has an 
effect on the recall rate. The overlap of structures can be 
reduced with DBT. Equivocal lesions on 2D images, i.e.:  
tumor or not, can be disproved.
Rafferty (17) reports from an early pilot study that radiolo-
gists could reduce the false positive recall rate by 83% (!) 
with DBT compared to conventional mammography with-
out any significant difference in the cancer detection rate.
Poplack et al. (18) found a 40% reduction in recalls in a study 
comparing DBT with FFDM screening mammography. The 
type of the finding, masses and architectural distortions in 
the images influenced the recall rate.
Poplack used DBT in suspicious cases referred from screen-
ing (recalls), a highly select population.
The result of DBT will vary according to the percentage of 
recalled women (19, comment on Poplack). In the United States more 
than 10% are recalled, in some of the screening programs 
in Denmark less than 3%. The greatest effect of DBT on the 
recall rate can be seen in the United States. It seems diffi-
cult to lower the recall rate much with DBT in a Danish 
screening program. But, of course, some patients with  
benign findings from DBT will not undergo an otherwise 
planned biopsy or further investigations.
Gur et al (15) comparing FFDM + DBT with DBT alone in a 
retrospective study of mixed malignant and benign cases 
found a 30% reduction in the recall rate for cancer-free  
examinations.
Using DBT alone would have reduced the recall rate by 10%.

Sensitivity and Specificity
Gur (15) and Gennaro (20) found no significant improvement 
in sensitivity or specificity. The latter found that even if DBT 
improves the image quality and lesion conspicuity (speci-
ficity) this has no influence on the clinical performance 
(sensitivity). The number of detected lesions did not change 
when DBT was introduced, but the radiologist could be 
more confident in making decisions.
Most authors, though, find that DBT increases the number 
of cancers detected and improves the characterization  
of the lesions compared to one-view or two-view FFDM.
In 2007, Rafferty reported (17) from an earlier study, DBT v. 
two-view screening mammography, that in 89% of cases 
radiologists found DBT to be equal or better in defining 
masses and architectural distortions. In 88% of cases micro-
calcifications were visualized better with DBT.
In a small study of subtle cancers, Andersson et al. (9) 
found that 3/4 of detected cancers were rated more visible 
with DBT and half of them were upgraded in the BI-RADS 
classification. In FFDM, of course, the two-view examina-
tions performed better than one-view examinations, but 
still not as good as one-view DBT.

Figure 2: Tomosynthesis slice 25 (right), 2.8 cm ductal carcinoma, 
grade 3

Patient with a 2.8 cm, grade 3, invasive ductal carcinoma in the right 
breast imaged with digital mammography and breast tomosynthesis. 
The MLO digital mammography view shows dense breast tissue with 
subtle distortion in the lower breast. The MLO tomosynthesis slice 
shows a spiculated mass in the lower breast, much more evident than 
the corresponding mammogram.
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Outlook

DBT and CAD
CAD (computer aided detection or diagnosis), which has 
been found to be useful for radiologists in the detection  
of breast cancer in screening mammography (23), can be 
implemented with DBT. Some American groups have found 
a sensitivity of 85% in the detection of masses as well as  
a reduced false-positive marking rate compared to FFDM + 
CAD (24-26).
DBT + CAD would certainly be helpful when having to 
scroll through the many reconstructed slices from one DBT 
exposure.

Contrast-Enhanced DBT
CE-DBT seems an easy way to obtain better information 
about a mass in the breast. Abnormal blood flow in the 
breast, tumor uptake and tumor border delineation can  
be visualized. The X-ray dose can still be held at an accept-
able level and only a slight compression of the breast is 
necessary to avoid patient motion artefacts (27).

Breast Cancer Risk Estimation
DBT may play a role in this field in the near future. Risk  
assessment is a tool in planning further investigations, 
treatment and preventive strategies for high-risk women.
Hereditary factors, number of childbirths, environmental 
factors and hormone treatment are known today as poten-
tial risk factors. The density and texture structure of the 
breast parenchyma especially in the retroareolar area can 
also be indicative of a woman’s risk of developing breast 
cancer. DBT reduces the anatomical noise of skin and sub-
cutaneous fat and offers superior texture visualization.
One central DBT projection taken with 20% of the dose  
of an FFDM exposure correlates better to breast percent 
density than FFDM (28, 29).
DBT can therefore help decide which of the women par-
ticipating in the screening program should be offered a 
DBT scan in forthcoming screening rounds, either as an 
additional procedure or as the only procedure.
It is still an open question whether some of the high-risk 
women who today are offered periodical MRI scans would 
benefit equally from DBT.
Compared to MRI, the sensitivity in detecting small lesions 
(not necessarily demanding immediate treatment) may 
decrease slightly, but economic savings would be substan-
tial.

 
Conclusion

Digital Breast Tomosynthesis (DBT) has so far proved to  
be a helpful tool in the portfolio of diagnostic radiologic 
procedures in the field of early breast cancer detection.
DBT addresses one of the major problems of conventional 
2D imaging of the breast: the structural or anatomical noise 
of overlapping tissue components.
An improvement in both sensitivity and specificity in  
lesion detection and characterization is found in many of 
the newer publications and reports.
Dose is acceptable.
Breast compression can be reduced.
Because acquisition time and diagnostic work-up for DBT 
take substantially longer than the fast screening proce-
dure, it seems not feasible today to implement DBT in the 
screening room as a routine.
Although the screening recall rate can be expected to  
decrease considerably, i.e. 30% or more, if DBT were used 
as an adjunct to screening, today’s DBT must be reserved 
for the clinical follow-up of screening recalls, for sympto-
matic women and for women who have a high-risk history 
of breast cancer.
After DBT the biopsy rate is expected to decrease. Some 
MRIs may not need to be performed. DBT may be com-
bined with CAD (computer aided detection), which should 
speed up the decision-making process when reading DBT 
images.
Coming large-scale screening trials will clarify if it is pos-
sible to integrate DBT as one of the screening procedures, 
alone or with FFDM.

6



 
Literature

  1  Holland R, Mravunac M, Hendriks JH, et al: So-called interval  
cancers of the breast. Cancer 49, 2527-2533, 1982

  2 Kolb TM, Lichy J, Newhouse JH: Comparison of the performance 
of screening mammography, physical examination, and breast  
US and evaluation of factors that influence them: an analysis of 
27,825 patient evaluations. Radiology 225, 165-175, 2002

  3 Chen Y, Lo JY, Dobbins III JT: Importance of point-to-point back-
projection correction for isocentric motion in digital breast  
tomosynthesis: Relevance to morphology of structures such as  
microcalcifications. Medical Physics 34, 3885-3892, 2007

  4 Tingberg A: X-ray tomosynthesis: A review of its use for breast 
and chest imaging. Radiation Protection Dosimetry, 139,  
100-107, 2010

  5 Chawla AS, Lo JY, Baker JA, Samei E: Optimized image acquisition 
for breast tomosynthesis in projection and reconstruction space. 
Medical Physics 36, 4859-4869, 2009

  6 Sechopoulos I, Ghetti C: Optimization of the acquisition geometry 
in digital tomosynthesis of the breast. Medical Physics 36,  
1199-1207, 2009

  7 Diekman F, Meyer H, Diekman S, Puong S, Muller S, Bick U,  
Rogalla P: Thick slices from tomosynthesis data sets: phantom 
study for the evaluation of different algorithms. J Digit Imaging, 
22, 519-526, 2009

  8 European Commission: European guidelines for quality assurance 
in breast cancer screeening and diagnosis, p 83, 2006

  9 Andersson I, Ikeda DM, Zakrisson 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. 
European Radiology 18, 2817-2825, 2008

10 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, 673-682, 2009

11 Förnvik D, Andersson I, Svahn T, Timberg P, Zakrisson S, Tingberg A: 
The effect of reduced breast compression in breast tomosynthesis: 
Human observer study using clinical cases. Radiation Protection 
Dosimetry, 139, 118-123, 2010

12 Carton AK, Gavenonis SC, Currivan JA, Conant EF, Schnall MD, 
Maidment AD: Dual-energy contrast-enhanced digital breast  
tomosynthesis – a feasibility study. Br J Radiol 83, 344-350, 2010

13 Zuley ML, Bandos AI, Abrams GS, Cohen C, Hakim CM, Sumkin JH, 
Drescher J, Rockette HE, Gur D: Time to diagnosis and performance 
levels during repeat interpretations of digital breast tomosynthesis: 
Preliminary observations. Acad Radiol 17, 450-455, 2010

14 Good WF, Abrams GS, Catullo VJ, Chough DM, Ganott MA,  
Hakim CM, Gur D: Digital breast tomosynthesis: A pilot observer 
study. Am J Roentgenol 190, 865-869, 2008

15 Gur D, Abrams GS, Chough DM, Ganott MA, Hakim CM, Perrin RL, 
Rathfon GY, Sumkin JH, Zuley ML, Bandos AI: Digital breast tomo-
synthesis: Observer performance study. Am J Roentgenol 193, 
586-591, 2009

16 Andersson I: Reading time for breast tomosynthesis. Private  
communication, 23th april 2010

17 Rafferty A, Rafferty MD: Breast tomosynthesis. Seminars in Breast 
Disease 9, 111-118, 2007

18 Poplack SP, Tosteson TD, Kogel CA, Nagy HM: Digital breast tomo-
synthesis: Initial experience in 98 women with abnormal digital 
screening mammography. Am J Roentgenol 189, 616-623, 2007

19  Gur D: Potential clinical role in breast imaging (comment on  
ref 19). Am J Roentgenol 189, 614-615, 2007

20 Gennaro G, Toledano A, di Maggio C, Baldan E, Bezzon E,  
La Grassa M , Pescarini L, Polico I, Proietti A, Toffoli A, Muzzio PC: 
Digital breast tomosynthesis versus digital mammography:  
A clinical performance study. Eur Radiol 20, 1545-1553, 2010

21 Svahn, T, Andersson I, Chakraborty D, Svensson S, Ikeda D,  
Förnvik D, Mattsson S, Tingberg A, Zakrisson 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

22 Teertstra HJ, Loo CE, van den Bosch MAAJ, van Tinteren H,  
Rutgers EJT, Muller SH, Gilhuijs KGA: Breast tomosynthesis in  
clinical practice: Initial results. Eur radiol 20, 16-24, 2010

23 Karssemeijer N,Bluekens AM, Beijerinck D, Deurenberg JJ,  
Beekman M, Visser R, van Engen R, Bartels-Kortlan A,  
Broeders MJ: Breast cancer screening results 5 years after intro-
duction of digital mammography in a population-based screening 
program. Radiology 253, 353-358, 2009

24 Schulz-Wendtland R, Fuchsjäger M, Wacker T, hermann KP: Digital 
mammography: An update. Eur J Radiol 72, 258-265, 2009

25 Chan HP: Computer-aided diagnosis in breast tomosynthesis and 
chest CT. Nippon Hoshasen Gijutsu Gakkai Zasshi 65, 968-976, 
2009

26 Singh S, Tourassi GD, Baker JA, Lo JY: Automated breast mass  
detection in 3D reconstructed tomosynthesis volumes:  
A featureless approach. Medical Physics, 35, 3626-3636, 2008

27 Chen SC, Carton AK, Albert M, Conant EF, Schnall MD,  
Maidment AD:  Initial clinical experience with contrast-enhanced 
digital breast tomosynthesis. Acad Radiol, 14, 229-238, 2007

28 Bakic PR, Carton AK, Kontos D, Zhang C, Troxel AB, Maidment AD: 
Breast percent density: Estimation on digital mammograms and 
central tomosynthesis projections. Radiology 252, 40-49, 2009

29 Kontos D, Bakic PR, Carton AK, Troxel AB, Conant EF, Maidment 
AD:  Parenchymal texture analysis in digital breast tomosynthesis 
for breast cancer risk estimation: A preliminary study. Acad Radiol 
16, 283-298, 2009

7



siemens.com/healthcare

Siemens Healthcare  Headquarters 
Siemens Healthcare GmbH 
Henkestr. 127 
91052 Erlangen 
Germany  
Phone: +49 9131 84-0 
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.

In the interest of complying with legal  
requirements concerning the environ-
mental compatibility of our products 
(protection of natural resources, waste 
conservation), we recycle certain compo-
nents. Using the same extensive quality 
assurance measuresas for new compo-
nents, we guarantee the quality of these 
recycled components.

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

Order No. A91SM-30011-12C1-7600 | Printed in Germany | CC 1271 0716 PDF | © Siemens Healthcare GmbH, 2016


