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Calcifications at Digital Breast To-
mosynthesis: Imaging Features 
and Biopsy Techniques

Full-field digital mammography (FFDM), the standard of care for 
breast cancer screening, has some limitations. With the advent of 
digital breast tomosynthesis (DBT), improvements including de-
creased recall rates and increased cancer detection rates have been 
observed. The quasi–three-dimensional capability of DBT reduces 
breast tissue overlap, a significant limitation of FFDM. However, 
early studies demonstrate that a few cancers detected at FFDM may 
not be diagnosed at DBT-only screening, and lesions with calcifica-
tions as the dominant feature may look less suspicious at DBT or 
not be visible at all. These findings support the use of combined 
FFDM and DBT protocols to optimize screening performance. 
However, this combination would approximately double the pa-
tient’s radiation exposure. The development of computer algorithms 
that generate two-dimensional synthesized mammography (SM) 
views from DBT has improved calcification conspicuity and sensitiv-
ity. Therefore, SM may substitute for FFDM in screening protocols, 
reducing radiation exposure. DBT plus SM demonstrates signifi-
cantly better performance than that of FFDM alone, although there 
are reports of missed malignant calcifications. Thus, some centers 
continue to perform FFDM with DBT. Use of DBT in breast imag-
ing has also necessitated the development of DBT-guided biopsy. 
DBT-guided biopsy may have a higher success rate than that of ste-
reotactic biopsy, with a shorter procedure time. While DBT brings 
substantial improvements to breast cancer imaging, it is important 
to be aware of its strengths and limitations regarding detection of 
calcifications. This article reviews the imaging appearance of breast 
calcifications at DBT, discusses calcification biopsy techniques, and 
provides an overview of the current literature.

Online supplemental material is available for this article.
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After completing this journal-based SA-CME 
activity, participants will be able to:

 ■ Describe the differences among 
FFDM, DBT, and SM for evaluation of 
calcifications.

 ■ Recognize the imaging appearances of 
benign and suspicious calcifications at 
FFDM and DBT.

 ■ List the advances made in breast can-
cer diagnosis by the use of DBT-guided 
biopsy.

See rsna.org/learning-center-rg.

SA-CME LEArnIng OBjECTIvES

Introduction
Screening mammography reduces breast cancer mortality by up 
to 30% through the early detection of breast cancer (1). Morbidity 
caused by disease and treatment is also reduced with early diagno-
sis (2). Compared with screen-film mammography, full-field digital 
mammography (FFDM) enables digital archiving and radiation-dose 
optimization with similar cancer detection rates and has demon-
strated greater diagnostic accuracy in women under 50 years of age, 
women with dense breasts, and women who are premenopausal or 
perimenopausal (3–6). Thus, until recently, FFDM was considered 
the standard imaging modality for breast cancer screening. The chal-
lenge of FFDM is that its accuracy may be limited owing to breast 
tissue overlap, especially in patients with dense glandular paren-
chyma, which may lead to delayed cancer diagnosis (7).

This copy is for personal use only. To order printed copies, contact reprints@rsna.org
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render structures within the focal plane to be in 
focus while blurring structures deeper or superfi-
cial relative to that focal position (9). A sequence 
of images with varying focuses creates a com-
putational simulated 3D study that can provide 
greater lesion conspicuity and enable radiologists 
to scroll through the breast parenchyma (13).

DBT protocols currently involve radiation 
doses comparable to or greater than those used 
at FFDM (14). The range of the breast radiation 
dose at DBT may be slightly lower than to more 
than double that used at FFDM and is depen-
dent on the equipment used, imaging protocol, 
and breast thickness (8). Furthermore, the U.S. 
Food and Drug Administration approved the 
use of DBT equipment for screening only in 
combination with two-dimensional (2D) mam-
mography (FFDM or synthesized) (15,16). DBT 
plus FFDM may more than double the amount of 
radiation per examination compared with that of 
FFDM-only screening (17).

Synthesized mammography (SM) may serve 
as a substitute for FFDM in screening protocols 
(18). Synthesized mammograms are created from 
DBT projections. First, portions of the DBT 
image acquisition are selected and combined. 
Second, computational algorithms generate a 2D 
image that simulates an FFDM view (10). A re-
duction of approximately 40%–50% in radiation 
dose is observed with DBT plus SM compared 
with that of the DBT plus FFDM screening pro-
tocol (12,17). Examination time is also reduced 
at DBT plus SM, as the FFDM acquisition time 
is no longer necessary (10).

DBT for Screening
Initial studies demonstrate that a number of 
lesions could be better depicted at DBT than 
at FFDM. The use of DBT for breast cancer 
screening improves the sensitivity and specificity 
of mammography, mainly owing to the improved 
evaluation of masses, asymmetries, and archi-
tectural distortions compared to those seen at 
FFDM (9,19). More recent studies show that 
the main diagnostic contribution of DBT relies 
on the detection of small spiculated masses and 
architectural distortions, although some ad-
ditional false-positive lesions may also be de-
tected (13,20–22). In regard to the detection of 
malignant calcifications, however, a significant 
improvement has not been observed (23,24). On 
the other hand, some malignant calcifications 
may not be detected at FFDM but are visible on 
DBT images (25,26).

Screening Protocols
After the advent of DBT, a number of screening 
protocols were proposed. Initial studies com-

Digital breast tomosynthesis (DBT) is a novel 
technique currently used in many breast imaging 
services around the world. DBT represents an 
improvement to FFDM and has the capability of 
reducing overlap of normal breast parenchyma 
and improving lesion conspicuity by acquiring 
images over multiple projections at different 
angles (8). Therefore, DBT may depict additional 
cancers that would otherwise be occult at con-
ventional screening (9). 

Nevertheless, there are some limitations to 
DBT that may impair visualization of a few can-
cers (10). Lesions that have calcifications as the 
dominant feature may occasionally not be seen 
at DBT, while some may appear more or less 
suspicious than they would at FFDM (11). These 
findings raise concerns about using DBT as a 
substitute for FFDM in breast cancer screening. 
Recent advances in technology have improved 
the visualization of calcifications at DBT and 
reduced the chance of missing malignant calcifi-
cations at screening (9–12).

In this article, we review (a) techniques for 
performing DBT, (b) the role of DBT in breast 
cancer screening, (c) the relationship between 
breast calcifications and cancer, (d) types of 
breast calcifications, (e) clinical performance of 
DBT in the detection of malignant calcifications, 
and (f) DBT-guided biopsy procedures.

DBT and Synthesized Mammography
DBT uses a quasi–three-dimensional (3D) tech-
nique. Central to the technique is the creation of 
multiple angled projections of the breast by an 
x-ray tube moving in an arc. The projection views 

TEAChIng POInTS
 ■ Lesions that have calcifications as the dominant feature 

may occasionally not be seen at DBT, while some may ap-
pear more or less suspicious than they would at FFDM.

 ■ Results support using DBT plus SM as a substitute for FFDM 
alone for breast cancer screening, which may improve 
overall cancer detection.

 ■ DBT may occasionally better depict malignant calcifica-
tions than does FFDM. Therefore, the meticulous search 
for calcifications should also be performed on DBT images.

 ■ Despite good conspicuity at FFDM, DBT, and SM for the 
evaluation of suspicious breast calcifications, it is still rec-
ommended to obtain magnification views for character-
ization. Calcification conspicuity on magnification views 
is superior and may not only facilitate image interpreta-
tion but also help identify lesion extent and guide biopsy 
planning, preoperative localization, or future follow-up, 
if indicated

 ■ Facilitation of lesion localization and reduction in proce-
dure time are positive features of DBT-guided biopsy, but 
limited visualization of some fine calcifications or less tight-
ly grouped calcifications on DBT images is still an obstacle.
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with FFDM alone (P < .0001). Finally, a study 
by Zuley et al (33) measured mean areas under 
the curve for SM alone, FFDM alone, SM plus 
DBT, and FFDM plus DBT and found compa-
rable performances between FFDM and SM in 
the different protocols (33). These results support 
using DBT plus SM as a substitute for FFDM 
alone for breast cancer screening, which may 
improve overall cancer detection.

Calcifications and Breast Cancer
Breast cancers can have a variety of appearances 
at mammography and may manifest with calcifi-
cations (34). Invasive and in situ breast cancers 
can manifest with calcium deposits that vary in 
number, size, and density (35). Invasive tumors 
detected on the basis of the presence of calcifica-
tions at mammography may have worse prognostic 
factors than those of noncalcified cancers, which 
highlights the importance of early diagnosis of ma-
lignant calcifications (36,37). While DBT brings 
substantial improvements to breast cancer imag-
ing, it is important to be aware of its strengths and 
limitations regarding detection of calcifications.

Types of Breast Calcifications
Calcifications are described by their morphology 
and distribution according to the Breast Imaging 
Reporting and Data System (BI-RADS) lexicon 
(38). Calcification morphology is classified as typi-
cally benign or suspicious (Fig 1). While the imag-
ing appearance of calcifications at DBT and SM 
is comparable to that at FFDM, there are specific 
features that may be more conspicuous at DBT, 
influencing imaging interpretation.

Benign Calcifications
Benign calcifications tend to be larger, more 
regular, and easier to detect at mammography 
than malignant calcifications. Typically benign 
calcifications (BI-RADS category 2) include 
skin, vascular, coarse (popcornlike), large rodlike, 
round, rim, dystrophic, milk-of-calcium, and su-
ture calcifications (38). The visualization of some 
benign calcifications is facilitated with DBT.

Skin calcifications frequently have a radiolu-
cent center and appear in small groups. Occa-
sionally they may mimic suspicious calcifications 
at mammography. The quasi–3D feature of DBT 
can make it easier to identify calcifications within 
the skin. The skin at DBT usually appears on the 
first and last three images of the DBT sequence 
where the skin is touching the compression 
paddle or detector (9,39). Parts of the skin that 
are not touching the equipment will not appear 
on the first and last images; thus, obtaining a 
tangential view may be necessary to depict calcifi-
cations within the skin (Fig 2). 

pared traditional FFDM screening alone with 
single- or two-view DBT plus FFDM or with 
DBT alone (24,26–29). The best performance 
was achieved with two-view DBT plus FFDM, 
despite the higher radiation dose than that of 
DBT alone (28,29).

With the development of SM, later studies 
evaluated the accuracy of using DBT plus SM 
in substitution for FFDM alone or DBT plus 
FFDM protocols. While there are some conflict-
ing results, most studies demonstrate that DBT 
plus SM has a higher sensitivity compared with 
that of FFDM alone and similar or higher ac-
curacy compared with DBT plus FFDM for the 
detection of breast cancer (12,17,30).

Diagnostic Performance of DBT in the 
Detection of Breast Cancer

The combined use of DBT and FFDM increases 
the sensitivity and specificity of breast cancer 
screening (24–26,31,32). In the Oslo Tomosynthe-
sis Screening Trial, a significant increase in specific-
ity (97.5% vs 96.4%, P < .001) and the number of 
cancers detected per 1000 women (9.3 vs 6.3, P < 
.001) was observed with DBT plus FFDM when 
compared with FFDM alone (31). A nonsignificant 
increase in sensitivity with the addition of DBT was 
also observed (80.8% vs 76.2%, P = .151). 

In the TOMMY trial (A Comparison of To-
mosynthesis with Digital Mammography in the 
UK National Health Service Breast Screening 
Program), an increase in sensitivity did not reach 
statistical significance (89% vs 87%, P = .06), 
while a significant increase in specificity (69% 
vs 58%, P <. 001) was observed for DBT plus 
FFDM when compared with FFDM alone (24). 
This increase was greater for masses, architectural 
distortions, and asymmetries than for microcal-
cifications. Lastly, the STORM (Screening with 
Tomosynthesis or Standard Mammography) trial 
evaluated 7292 screening studies with DBT plus 
FFDM and FFDM alone, and 59 cancers were 
diagnosed (25,26). In this dataset, there were 20 
(34%) cancers detected only at DBT, including 
three cases of malignant calcifications.

Improved screening performance was also 
observed in studies evaluating SM as a substitute 
for FFDM. In the STORM-2 trial, 90 cancers 
were detected at screening in 9672 patients (30). 
The cancer detection rate was significantly higher 
for DBT plus SM (8.8 per 1000 screenings) and 
for DBT plus FFDM (8.5 per 1000 screenings) 
compared with that of FFDM alone (6.3 per 1000 
screenings, P <.0001 for both comparisons). 

In a large screening study with 16 666 patients 
by Caumo et al (17), a significant increase in 
cancer detection rates was found: 9.3 per 1000 
with DBT plus SM, compared with 5.4 per 1000 
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Moreover, equipment characteristics may 
cause skin calcifications to not appear on the first 
or last three images. When a flexible compression 
paddle is used, skin calcifications within the ante-
rior thinner part of the breast may appear deeper 
in the stack of images even if they are touching 
the paddle. Furthermore, equipment inaccuracies 
in calculating exact breast thickness may create 
additional images and cause the skin to appear 
deeper in the image stack (39).

Vascular calcifications appear as parallel lines 
associated with tubular structures that may or 
may not be continuous. The parallel orientation 
of vascular calcifications or associated tubular 
vessels may be easier to identify at DBT, facilitat-
ing the diagnosis (Fig 3) (11).

Lesions that are associated with calcifications 
may be better depicted at DBT. Coarse or pop-

cornlike calcifications tend to be larger, usually 
over 3 mm, and manifest due to an involuting 
fibroadenoma. The associated mass of a calcify-
ing fibroadenoma may be depicted only on DBT 
images (Fig 4) (19).

Rim calcifications vary in size and have calci-
fied walls and a radiolucent center. Fat necrosis 
and oil cysts typically demonstrate this appear-
ance. Thin curvilinear calcifications within the 
walls of an oil cyst and associated fat density may 
be better depicted at DBT than at FFDM (Fig 5).

Milk-of-calcium calcifications are small cal-
cium deposits within cysts. They typically appear 
as small horizontally oriented calcifications on 
the MLO view, in contrast to a round or smudgy 
appearance on the craniocaudal view. Although 
their characteristic appearance is often depicted 
at DBT and FFDM, magnification views may be 

Figure 1. Chart categorizes and illustrates the various types of calcification morphology depicted at 
mammography. Calcification morphology is classified as typically benign or suspicious. (Descriptors are 
from reference 38.) 

Figure 2. Skin calcifications. Mediolateral oblique (MLO) full-field digital mammogram (a), MLO DBT image (b) (image number 7 
out of 40), and FFDM tangential view (c) show calcifications (arrow) within the skin. Skin calcifications may not appear on the first or 
last three DBT images if the skin containing the calcifications is not touching the equipment, and additional imaging may be required. 
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necessary, including a mediolateral or lateromedial 
magnification image, to better demonstrate layer-
ing and confirm changing morphology compared 
with that on the craniocaudal magnification view.

Probably Benign Calcifications
Lesions that have a less than 2% likelihood of 
malignancy are classified as probably benign (BI-
RADS category 3) (38). Early benign calcifica-
tions (eg, vascular and fat necrosis) may not have 
all typically benign features and are sometimes 
classified as probably benign (40). Some studies 
demonstrate that solitary groups of round (punc-
tate) calcifications could also be safely included in 
this category if a patient has not undergone prior 
imaging (41–43). However, other studies demon-
strate positive predictive values for groups of round 
calcifications as greater than 2% (43,44). Thus, 

some radiologists recommend performing biopsies 
of these calcifications if there are other risk factors, 
including patient history of breast cancer, nonex-
clusive punctate morphology of the calcifications, 
or a high number of calcifications (43).

If calcifications are detected at baseline screen-
ing mammography (DBT and/or 2D mam-
mography) and a probably benign appearance 
is confirmed with craniocaudal and true lateral 
magnification views, they are then followed with 
magnification views obtained at 6, 12, and 24 
months. If findings are stable for 24 months or 
more, a BI-RADS category 2 final assessment may 
be issued. If there is a suspicious change in mor-
phology or an increase in the number of calcifica-
tions at follow-up imaging, a BI-RADS category 
4 assessment with biopsy recommendation should 
be issued (40,41).

Suspicious Calcifications
Suspicious calcifications (BI-RADS category 4) 
tend to be smaller and more irregular. They are 
morphologically described as amorphous, coarse 
heterogeneous, fine pleomorphic, or fine linear 
or fine-linear branching in the BI-RADS lexicon 
(38). Calcifications with suspicious morphology 
may be better depicted at DBT. Some calcifica-
tions may be enhanced or have greater conspicu-
ity at DBT, improving visualization and correct 
classification. Furthermore, the distances between 
groups of calcifications and their distribution 
within the breast in patients with multifocal lesions 
may be better depicted at DBT, allowing radiolo-
gists and surgeons to better appreciate disease 
extent, especially if a group is seen in only one 
projection (Figs 6, 7; Movie 1).

Distribution
Calcifications may also be classified by their 
distribution according to the BI-RADS lexicon 
(38). Calcification distribution can be described 
as diffuse, regional, grouped, linear, or segmental. 
A diffuse distribution is almost always benign, 
especially when it is bilateral, while linear and 
segmental distributions have a greater probability 
of malignancy.

Distribution may assist with assessment and 
must be considered in addition to morphology. 
For example, round calcifications when linear or 
segmental in distribution should be considered 
suspicious and classified as BI-RADS category 4, 
with biopsy recommended. Calcification distribu-
tion may be more evident on DBT images.

Calcification Artifacts at DBT
There are some artifacts that can jeopardize 
DBT image quality. The most frequent arti-
facts related to calcifications are shadowing and 

Figure 3. MLO DBT image shows vascular calcifica-
tions. The tubular parallel orientation of vascular calci-
fications may be better depicted at DBT than at FFDM.

Figure 4. MLO DBT image shows an oval circumscribed 
mass containing coarse calcifications, a finding consistent 
with a calcified fibroadenoma. Coarse calcifications and 
an associated mass may be better depicted at DBT than 
at FFDM.
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zipper artifacts (9,19,45–47). Shadowing, also 
termed slinky artifact, corresponds to dark lines 
resembling shadows adjacent to large calcifica-
tions that are typically depicted on SM views, 
while zipper artifacts represent repetition of 
dense calcifications or metallic material out of 
plane on the DBT image stack (Fig 8). Although 
there are computational algorithms that are 
applied to reduce these artifacts, they may still 
impair lesion visualization in the areas where 
they appear (45). 

Furthermore, algorithm enhancement of 
dense structures and image noise may create 
artifacts on SM images that mimic calcifications 
(48). Although some of these pseudocalcifica-
tions may look suspicious, they are visible on 
only one view and are not depicted on DBT im-
ages, which can help the radiologist determine 
that these are artifacts (10,46,47). If there is 
doubt, a magnification view of the area in ques-
tion may occasionally be necessary to determine 
if calcifications are truly present.

Clinical Performance of DBT in the 
Detection of Breast Calcifications

DBT versus FFDM
Few studies have compared the detection of ma-
lignant calcifications between DBT and FFDM. 
In a multireader study with 99 cases of malignant 
calcifications conducted by Spangler et al (23), 
a lower sensitivity for detecting cancer at DBT 
alone (80%) compared with at FFDM (90%) 
was observed. In another study with 41 malig-
nant calcification cases by Tagliafico et al (49), a 
sensitivity of 91.1% at DBT and 100% at FFDM 
was observed (49). Both FFDM and DBT dem-
onstrate high sensitivity for detecting malignant 
calcifications, but some calcifications may not be 
detected at DBT-only screening.

DBT Plus FFDM versus FFDM Alone
Some studies compared cancer detection rates 
for microcalcifications between DBT plus FFDM 
and FFDM alone. In the TOMMY trial, which 

Figure 5. Calcification within the walls of an oil cyst. (a) MLO full-field digital mammogram shows calcified walls of an oil cyst (arrow), 
which are clearly visible. (b) MLO synthetic mammogram shows the calficifed cyst wall (arrow), but the associated oil cyst is not as clearly 
depicted as on the MLO full-field digital mammogram. (c) MLO DBT image shows the same oil cyst (arrow) and a smaller adjacent oil 
cyst (arrowhead).

Figure 6. Amorphous calcification 
groups (circle outlines) in the right 
breast in a 56-year-old woman with 
ductal carcinoma in situ (DCIS). 
(a) MLO full-field digital mam-
mogram shows three groups of 
amorphous calcifications. The up-
per group (yellow circle) shows 
greater conspicuity in comparison 
to that of the lower group (red 
circle). (b) MLO synthetic mam-
mogram shows the three groups of 
amorphous calcifications with bet-
ter conspicuity in the lower group 
(red circle) in comparison to those 
depicted at FFDM. At DBT (Movie 
1), all three amorphous groups are 
clearly visible. 
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had a large number of malignant calcifications  
(n = 282), similar sensitivities (88%) were ob-
served between the two screening protocols for 
detecting malignant calcifications (24). Other 
studies with smaller subsets of malignant calcifi-
cation cases also demonstrated no significant dif-
ference in sensitivity between DBT plus FFDM 
and FFDM alone (27,50). On the other hand, 
in a study with only six malignant calcifications 
cases by Bernardi et al (25), half were detected 
only at DBT plus FFDM screenings and were 
missed at FFDM alone. This may suggest that 
DBT may occasionally better depict malignant 
calcifications than does FFDM. Therefore, the 
meticulous search for calcifications should also 
be performed on DBT images.

SM versus FFDM
The diagnostic performance of SM for mi-
crocalcifications has also been evaluated. In 
the TOMMY trial, the performance of DBT 
plus SM in detecting malignant calcifications 

was 85%, slightly inferior to that of DBT plus 
FFDM and FFDM alone, which was 88% 
for both (24). Specificity, on the other hand, 
was better at DBT plus SM than at DBT plus 
FFDM and at FFDM alone (44% vs 39% and 
31%, respectively). Some studies with a limited 
subset of patients with malignant calcifications 
compared SM alone with FFDM alone and 
demonstrated similar sensitivities (12,33,51). 
The different sensitivities reported for FFDM, 
DBT, and SM in detecting breast cancers that 
have calcifications as the dominant feature are 
summarized in Table 1.

Calcification Conspicuity
Calcification conspicuity is dependent on image 
quality, which contributes to image contrast and 
the number of visible calcifications (52). At FFDM, 
DBT, and SM, variations in conspicuity of calci-
fications might occur among them, which could 
potentially lead to false-positive or false-negative di-
agnoses. This happens in part because calcifications 

Figure 7. Segmental fine pleomorphic and fine-linear branching calcifications in a 57-year-old woman. MLO DBT image (a), MLO 
full-field digital mammogram (b), and magnification view of the mediolateral full-field digital mammogram (c) show segmental fine 
pleomorphic and fine-linear branching calcifications in the right breast. The results of a biopsy confirmed DCIS.

Figure 8.  (a, b) MLO full-field digital mammogram (a) shows dense calcifications, with associated shadowing artifacts (arrows in b) on 
the MLO synthetic mammogram (b). Shadowing artifact may occur on synthesized mammograms and can jeopardize the evaluation 
of adjacent lesions. (c) MLO DBT image shows zipper artifacts (arrows), which are out-of-plane image repetitions that may also be seen 
with dense calcifications. 
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at DBT and SM might be enhanced or suppressed 
during computational reconstruction. Moreover, 
spatial resolution is lower at DBT owing to tube 
motion, greater pixel size, and pixel binning, which 
also affects lesion conspicuity (53).

An initial study of calcification conspicuity at 
DBT showed that it could be inferior to that at 
FFDM in over half of cases (54). More recent 
studies demonstrated image quality equal to or 
better than that of FFDM in as high as 92.2% of 
patients (55–57). This included better conspicu-
ity at DBT than at FFDM in nearly half of cases 
(56,57). These results show that technology im-
provements can make calcification visualization 
at DBT similar to that at FFDM. Slab views with 
increased thickness may also improve calcifica-
tion conspicuity and help the visualization of 
microcalcifications that are on consecutive 1-mm 
images. With 10-mm slab views, the distribution 
of calcifications is better depicted, which may 
help guide image interpretation (9,56).

With the advent of SM, an overall improve-
ment in calcification conspicuity has been 
observed. In a study conducted by Hwang et al 

(52) on the evaluation of DCIS calcifications 
on craniocaudal and MLO views, SM provided 
greater image contrast on the majority of im-
ages compared with image contrast at FFDM; 
however, a larger number of calcifications were 
visible at FFDM in most cases (52). In a study 
by Mariscotti et al (12), conspicuity of suspi-
cious microcalcifications at SM was better than 
or equal to that at FFDM in 94.2% of cases 
(12). These results demonstrate that calcifica-
tion conspicuity may be better with the DBT 
plus SM protocol than at FFDM-only screening 
in some cases. Studies that evaluate calcification 
conspicuity at DBT and SM are summarized in 
Table 2. The pros and cons of using DBT for 
the evaluation of calcifications are summarized 
in Table 3.

Despite good conspicuity at FFDM, DBT, 
and SM for the evaluation of suspicious breast 
calcifications, it is still recommended to obtain 
magnification views for characterization (11). 
Calcification conspicuity on magnification 
views is superior and may not only facilitate 
image interpretation but also help identify le-

Table 1: Cancer Detection Sensitivity Studies of Lesions with Calcifications as the Dominant Feature 
at FFDM, DBT, and SM

Sensitivity (%)

Authors (Reference) Publication Year FFDM DBT SM

Teertstra et al (50) 2010 100 100 NA
Spangler et al (23) 2011 90 80 NA
Skaane et al (27) 2013 100 100 (FFDM plus DBT) NA
Bernardi et al (25) 2014 50 100 (FFDM plus DBT) NA
Tagliafico et al (49) 2015 100 91.1 NA
Gilbert et al (24) 2015 88 88 (FFDM plus DBT) 85 (SM plus DBT)
Choi et al (51) 2016 85.7–100 NA 92.9–100
Mariscotti et al (12)* 2017 85 NA 92

Note.—NA = not applicable.  
*Only sensitivity for suspicious microcalcifications was reported.

Table 2: Studies of Calcification Conspicuity at DBT and SM Compared 
with that at FFDM

Authors (Reference)
Publication 

Year
Imaging  
Modality

Percentage of Cases with 
Conspicuity Better than or 
Equal to That at FFDM

Poplack et al (54) 2007 DBT 43
Kopans et al (56) 2011 DBT 92
Svane et al (57) 2011 DBT 92
Destounis et al (55) 2013 DBT 92.2
Hwang et al (52) 2018 SM 83.3
Mariscotti et al (12) 2017 SM 94.2
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sion extent and guide biopsy planning, pre-
operative localization, or future follow-up, if 
indicated (Fig 9).

DBT-guided Biopsy
Stereotactic-guided vacuum-assisted breast 
biopsy is widely performed, usually for calcifica-
tions. This well-established image-guided biopsy 
technique is successful for adequately sampling 
suspicious calcifications in the majority of cases. 
Stereotactic biopsy may be challenging when the 
identification and triangulation of calcifications 
in two views is difficult or when a prone tech-
nique is used and calcifications are posteriorly 
located. The restricted biopsy window can make 
lesion localization problematic (58).

With the increasing use of DBT, radiolo-
gists are more frequently required to biopsy 
lesions that are only or better depicted at DBT. 
DBT-guided biopsy has been successfully 
implemented over the past few years (58–60). 
The biopsy procedure is similar to that of a 
conventional stereotactic biopsy, but DBT al-
lows for the use of the full detector size, which 
may facilitate lesion localization, and is usually 
performed in the upright position, depending on 
equipment availability. Furthermore, triangula-
tion is not necessary at DBT for depth localiza-
tion. The position of a biopsy clip in relation to 
the biopsy site may also be easier to evaluate at 
DBT-guided biopsy, and DBT may facilitate the 
identification of biopsy marker displacement 
(Movie 2).

Some grouped or faint calcifications may be 
difficult to visualize on DBT images. Therefore, 
the use of DBT-guided biopsy for the diagnosis 
of suspicious calcifications may be challenging. 

Conventional stereotactic biopsy is still needed 
if calcifications are too fine to be depicted at 
DBT, if artifacts jeopardize lesion visualization, 
or if placing the patient in the prone position is 
necessary and prone DBT-guided biopsy is not 
available (58–60).

Studies that evaluate the performance of 
DBT-guided biopsy in comparison with that of 
conventional stereotactic biopsy did not specifi-
cally address performing biopsies of calcifica-
tions. Additionally, DBT-guided biopsies are 
usually performed in the upright position while 
stereotactic biopsies are typically performed with 
the patient in the prone position, depending 
on equipment availability, making comparison 
problematic. In a study by Schrading et al (58), 
successful procedures were observed in 100% of 
DBT-guided biopsies, in comparison with 93% of 
prone stereotactic procedures (58). However, in 
this study, most lesions in the DBT group were 
not calcified. 

The facilitation of lesion localization with DBT 
also led to an average procedure time reduction 
of over 50%. Waldherr et al (59) similarly showed 
a 100% success rate with an average procedure 
time reduction of 8 minutes. Facilitation of lesion 
localization and reduction in procedure time are 
positive features of DBT-guided biopsy, but lim-
ited visualization of some fine calcifications or of 
less tightly grouped calcifications on DBT images 
is still an obstacle. 

Future Directions for DBT
Several DBT studies are taking place that may 
provide important information on breast cancer 
screening. The Tomosynthesis Mammographic 
Imaging Screening Trial (TMIST) will be the 
largest study to date, with plans to enroll approxi-
mately 165 000 women by 2020 in the United 
States and Canada (61). The TMIST will com-
pare DBT and FFDM screening protocols with 
the objective of determining which is the best 
screening modality.

As research groups continue to dedicate their 
efforts to evaluating the clinical implementation 
of DBT and SM, it is expected that in the near 
future more data will be available regarding the 
pros and cons of transitioning from FFDM alone 
to FFDM plus DBT or to DBT plus SM screen-
ing. Of paramount importance are the results re-
garding patient outcomes, specifically the impact 
of DBT on cancer mortality.

There are a number of experimental tech-
nologies that are being developed for improving 
the diagnostic capability of DBT (62). A few of 
them may improve the detection of malignant 
calcifications and have been tested in a clini-
cal setting. Novel DBT equipment with higher 

Table 3: Pros and Cons of Using DBT for Di-
agnosing Breast Calcifications

Pros
Reduces tissue overlap and enhances image 

contrast for the visualization of malignant 
calcifications

Improves the detection of masses and distortions 
associated with calcifications

Better depicts the trajectory of vascular calcifica-
tions and associated tubular vessels

Facilitates the diagnosis of skin calcifications
Cons

Some malignant calcifications may be sup-
pressed at DBT and SM

Lower in-plane resolution
Artifacts may jeopardize the depiction of calci-

fications
Increased radiation dose with some protocols



316 March-April 2019 radiographics.rsna.org

in-plane and depth resolution, which may create 
shorter imaging times and fewer artifacts, is 
being developed and will soon be on the market 
with the potential to improve lesion conspicuity 
and cancer detection (63).

Automated computer-detection systems, 
including computer-aided diagnosis (CAD) for 
characterization of breast lesions on DBT im-
ages, have been evaluated in several studies. The 
results demonstrate a faster reading time with 
similar performance as observed with CAD used 
with FFDM, including in the evaluation of breast 
calcifications (64–68).

Contrast material–enhanced DBT is another 
promising technology that combines the mor-
phologic features depicted at DBT with en-
hancement characteristics of breast lesions (62). 
Contrast-enhanced DBT has a shorter examina-
tion time than that of MRI and in the future, 
pending further study, may be considered as an 
alternative imaging modality for patients with 
contraindications to MRI. Contrast-enhanced 
DBT demonstrates superior sensitivity for breast 
cancer detection compared with that of FFDM 
and DBT, with a performance similar to that of 
contrast-enhanced digital mammography (69).

Conclusion
The visualization of breast lesions, including be-
nign and malignant calcifications, was facilitated 
with the advent of DBT. Although a few malig-
nant calcifications may be missed at DBT plus 
SM screening that would be detected at FFDM, 
it is still unclear whether these delayed diagnoses 
would impact patient survival. New computa-
tional algorithms and equipment are being devel-
oped that may improve calcification conspicuity 
at DBT and SM. Future studies with these new 
technologies may show even better performance 
of these novel techniques in the diagnosis of 
breast neoplasms that have calcifications as the 
dominant imaging feature.
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