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Literature searching of PubMed highlights, through the
number of articles related to breast density and also to
digital breast tomosynthesis (DBT), that there is an in-
creasing interest in breast density assessment and DBT.
Indeed, searching at first the term “breast density” and
then “digital breast tomosynthesis”, it is possible to note a
positive trend on these topics (http://www.ncbi.nlm.nih.
gov). The question then arises as to why there is an interest
in breast density assessment and how this relates to new
modalities for breast cancer detection?

The answer may be that modern medicine is rapidly moving
towards a personalised or tailored approach based on pre-
defined risks of a particular disease, a concept that is par-
ticularly applicable to breast cancer. Identifying females with
an increased risk of developing breast cancer is possible
and is important because they may benefit from modi-
fied screening and diagnostic protocols [1].

The inclusion of breast density assessment in statistical
models such as the Gail et al [2] and Claus et al [3] models
may improve their accuracy or use because these methods
include non-modifiable risk factors, such as age at in-
clusion, age at menarche, age at first full-term pregnancy,
number of previous biopsies with a benign result and number
of first-degree relatives with breast cancer. By contrast, breast
density is considered to be an independent risk factor [4],
and it is also indicative of changes in modifiable risk factors
[5–9]. Moreover, breast density may be particularly suitable
for individualised breast cancer risk estimation and not for
population-level brief estimation only [10].

Breast density assessment may be carried out using different
imaging modalities used in clinical practice, such as
mammography, DBT and MRI. These commonly used
imaging techniques may give similar results for density
assessment, but they may not always be interchangeable

for an individualised purpose [11]. Therefore, the pur-
pose of this article is to give a brief overview on breast
density percentage assessment with these imaging tech-
niques, highlighting our perspectives on the differences and
limitations of each technique.

MAMMOGRAPHY
In mammography, the traditional imaging modality that
defined the concept of tissue density, breast density is
quantified as percent density (PD), the percentage of the
mammogram area occupied by non-fatty “dense” tissue
relative to the fatty “non-dense” tissue. A reliable method
for semi-quantitative PD measurement is possible using the
Breast Imaging Reporting and Data System® (BI-RADS)
lexicon, developed by the American College of Radiol-
ogy, Reston, VA, but this method was not originally
intended to serve as a method of measuring breast
density. Other classifications for density exist (some of
which were developed decades ago and are still in use),
including Wolfe’s parenchymal patterns, Tabar’s classifica-
tion, quantitative assessment using computer-aided tech-
niques for measuring PD and some systems that obtain
a volumetric breast density measurement [12,13].

Quantitative assessment of breast density is important for
performing epidemiological studies, including the estima-
tion of breast cancer risk, radiation dose monitoring, and the
effects of hormone replacement therapy and of different
endocrine treatments [14,15]. To evaluate breast density on
mammograms quantitatively, it is possible to use either
film-screen or full-field digital mammograms [11,13,16].
As visual assessment is invariably subjective and associated
with suboptimal reproducibility, its replacement with re-
producible computerised density assessment has been sug-
gested [5–11]. Using a semi-automated or fully automated
software for PD measurement may be the best solution;
however, it is important to consider that the software
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performance on digitalised film-screen mammograms is worse
than the performance of the software on digital mammograms.
The main reasons are artefacts in the edge recognition algorithms
and different contrast and windows during printing. These
problems are greatly reduced with full-field digital mammograms,
although some artefacts occur in the upper and lower part of the
0–100 percentage measure. For example, a “non-dense” mam-
mogram may be artefactually considered “dense” because of a
failure to recognise background pixels as fatty tissue and vice-
versa. A limitation of the mammographic breast density assessment
is that the reference standard, also for software evaluations, is
usually calibrated on the basis of the radiologists’ visual esti-
mation. Furthermore, differences between breast PD evaluation
obtained using a software and visual classifications for the same
mammograms have been reported: software-based measure-
ments provide systematically lower PD values with a cut-off
ranging from 13% to 22% [16,17].

DIGITAL BREAST TOMOSYNTHESIS
DBT is a relatively new, promising and emerging modality for
breast cancer detection and characterisation. DBT is based on
a full-field digital mammography (FFDM) platform, and the
DBT images for clinical use are usually obtained by the same
projections (craniocaudal and mediolateral oblique views) as
conventional mammography. The tomographic images or “sli-
ces” are usually reconstructed at defined intervals and visualised
on dedicated work stations. As for CT, DBT images may also be
viewed as “slabs”. DBT should reduce or eliminate overlapping
tissues, with the intent to distinguish superimposed normal breast
tissue from breast lesions better than conventional mammog-
raphy. In dense breasts, the elimination of superimposed breast
tissue should theoretically improve the detection of lesions that
are otherwise occult on standard mammograms. Very promising
results have been obtained for DBT so far [18,19]; therefore, the
use of DBT in clinical practice is anticipated to rapidly increase.
It seems reasonable to expect that, in future, many females will
obtain their mammograms using DBT, and it will become in-
evitably necessary to evaluate breast density using DBT exami-
nations. One of the first studies comparing breast density on
digital mammograms and on the central projection of DBT
reported a high correlation between breast density estimates on
digital mammograms and those on central DBT projections,
suggesting that the latter could be used to estimate breast density
on three-dimensional (3D) reconstructed images with a lower
radiation dose [20]. Further research compared breast density
on FFDM and DBT using fully automated software, and it has
been demonstrated that breast density may be significantly
underestimated on DBT by up to 16% (relative to FFDM) [21].
Moreover, the authors suggest that automated estimation with
software was more accurate than BI-RADS quantitative evalua-
tion [21]. It is possible that differences between breast density
assessment on DBTand FFDM could be attributed to differences
in positioning, compression, dose to the detector and to software
algorithms. Probably, patient positioning and compression
are not sufficient to fully explain the differences. We agree
with previous studies that DBT projections would be useful since
they are not dependent on DBT reconstruction algorithms [20].
However, this concept may be explored further through re-
search. To date, there are no sufficient data to support the use of

DBT projection or reconstructed images for breast density as-
sessment. It seems intuitive that the use of fully automated
software should be preferred for measuring density with DBT, as
it eliminates the problem of training, performs image analysis
with no need for superiority control and saves time in large
epidemiological studies. The problem of image artefacts is very
limited when using fully digital images on automated software.
Moreover, a good integration of breast density into risk assess-
ment and risk management, including tailored screening and
primary prevention, will be possible with future software de-
velopment [22].

A relatively counterintuitive concept is that, using DBT, breast
density values were underestimated in comparison to FFDM in
a non-linear relationship across the BI-RADS categories [23].
This means that it will be difficult to find a correction factor to
compare breast density evaluated on DBT and on FFDM. In one
study, for BI-RADS Categories 2 and 3, there were relatively
lower differences for density measures between FFDM and DBT,
whereas for BI-RADS Categories 1 and 4, there were relatively
higher differences for density measurements. The implication of
this for breast cancer risk prediction is that the difference be-
tween DBT-based and FFDM-based density measures related to
BI-RADS Category 4 may be a concern owing to an underes-
timation of the breast density percentage in patients undergoing
DBT [23]. For this reason, a patient with a dense breast (on
conventional FFDM) may potentially have an underestimated
breast cancer risk if only DBT images are considered.

MRI TECHNIQUE
MRI has been used to calculate the water content of a human
breast via slices or slabs and with segmentation of 3D images
with tailored sequences [24–30]. It has been shown that percent
MRI-density correlates strongly with mammographic PD;
however, MRI, as also discussed above for DBT, has been shown
to underestimate breast density compared with conventional
mammography.

To date (and to the best of our knowledge), only one study di-
rectly compared breast tissue density estimates evaluated on
digital mammograms with DBT and on MRI within the same
patients [11]. In this study, the MRI sequence used as a reference
standard was an iterative decomposition of water and fat with
echo asymmetry and least squares estimation (IDEAL) sequence.
This sequence was developed to separate the fatty non-glandular
tissue from the water content of the true glandular tissue, taking
advantage of the biochemical features of the breast tissue more
than the proton density. This sequence may therefore be con-
sidered a quasi-histological proof of the difference between
“dense” and “non-dense” breast tissue. To date, different sequences
have been used in several studies to assess breast density on MRI,
but no definite consensus has been reached about the optimal
sequence to be used. Further research should clarify which MRI
sequence best fits the purpose of breast density evaluation
considering that IDEAL sequences are time consuming and
difficult to integrate into normal protocols.

On MRI, some artefacts were registered because of the high field
strength; therefore, the use of the fully automated software was
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difficult [11]. Both MRI and DBT underestimated breast density
in comparison to FFDM, but all three methods were well corre-
lated. No significant differences between MRI and DBT percent
densities were observed, suggesting that these modalities may be
suitable techniques to obtain PD assessment similar to the quasi-
histological IDEAL sequence. Moreover, measuring breast density
on DBT and MRI, the entire volume of the breast is consid-
ered in a true 3D fashion, which is theoretically preferable to two-
dimensional imaging for the purpose of estimating tissue density.

ULTRASOUND
The radiological techniques described above have the disadvan-
tage of using ionising radiations (mammography and tomosyn-
thesis) and are very expensive (MRI). Given the physical features
of an ultrasound beam, in clinical practice, ultrasound assessment
of breast density has the potential to provide a non-ionising
method suitable for young females and those who need repetitive
measurements in longitudinal studies [31,32]. Several research
groups found that mammographic breast density has a significant
correlation with ultrasound assessments of breast density [33]. In
addition, recently, it has been demonstrated that ultrasound,
which is operator dependent for data acquisition, has a substantial
intermodality and interobserver agreement for assessment of
breast density [33]. Different authors have added elastography to B-
mode ultrasound evaluation of the breast. It was found that only

the grey levels correlated positively with mammographic breast
density and the elastographic data [34]. To date, the use of ultra-
sound in large case-control studies has not been validated as
a breast cancer risk predictor. The use of ultrasound for breast
tissue characterisation could be considered in young and pregnant
women [34]. Further researches may compare breast per-
centage density evaluated on ultrasound with the data derived
from MRI and DBT.

FUTURE RESEARCH
Much of what we know about breast tissue density has been
based on knowledge acquired from conventional mammography.
We have outlined the emerging information about the potential of
using DBT or MRI for defining breast tissue density, while being
cognisant that the evidence is still limited. In this regard, studies
comparing mammographic breast density measurements with
those obtained on DBT or MRI would be valuable especially
where the screening of breast cancer is personalised and starts at
an early age with MRI (e.g. high-risk females). Future research
on tissue density should further explore methods to obtain and
compare estimates of breast density for the different modalities
available today in clinical practice, including ultrasound. Future
research should in particular investigate which of the currently
available imaging modalities used to measure density best pre-
dicts the risk of breast cancer.
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