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Breast Density Assessment 
Methods: A Historical and 
Clinical Review

Epithelial cells in the breast are the nexus of breast cancer 
[1] and the presence of a greater number of glandular cells 
may put women at higher risk. Furthermore, the surround-
ing fibrous connective tissue has a stimulatory influence on 
glandular cell proliferation and can promote carcinogenesis 
[2, 3]. High amounts of fibroglandular tissue pose a pri-
mary breast cancer risk, which makes its quantification of 
high importance.
Fibroglandular tissue, including glandular tissue without 
disease, is also of interest because it can mask the presence 
of cancer in X-rays, reducing the sensitivity of mammogra-
phy [4, 5] and increasing the rate of false positive callbacks 
[6, 7].
There is growing legislative pressure for breast composi-
tion, known as breast density, to be described in mam-
mography reports, especially in the United States. But it is 
also well known that inter- and intra- operator variability is 
very large when assessing density visually, as Ren [8], and 
more recently, Sprague [9] reported.
As breast cancer risk prediction models, such as Tyrer-
Cuzick, have recently begun to include breast density, it is 
critical for clinicians to understand the different density 
assessment methods and how to best obtain density infor-
mation in a reliable and repeatable manner. This article 
summarizes recent studies that have reviewed different 
breast density assessment models. 

THE HISTORY OF BREAST DENSITY
In 1976, Wolfe associated the visually scored appearance of 
parenchymal patterns in X-rays of the breast with the risk 
of developing cancer [10, 11]. Wolfe reported a 37× higher 
incidence of disease in breasts of P1 pattern vs DY pattern 
(the lowest vs highest density pattern), although this result 
has never been repeated in part because of the subjective 
manner in which mammographic pattern was categorized.
Boyd [12] demonstrated a 4.7× risk associated with the 
area of density measured by Cumulus. Boyd’s approach had 

the advantage of using semi-automated software to assess 
the proportion of breast by area that enclosed fibroglan-
dular tissue, removing most human subjectivity. However, 
Cumulus required a human to manually threshold the 
image, which limits its throughput and makes it impractical 
for clinical use.

BREAST DENSITY IN CLINICAL PRACTICE
When the BI-RADS Atlas 4th Edition was published by the 
American College of Radiology in 2003, it recommended 
reporting breast composition, and it provided four quan-
titative categories, based on area of the breast covered by 
dense tissue [4]. The densest category, 75-100%, descrip-
tion included the words “which may limit the sensitivity of 
mammography”. However, no guidance was provided as to 
what should happen for a specific woman if sensitivity was 
limited in her case.
ACR later clarified that area-based measures, whether 
achieved by a human observer or software, were imprecise. 
In the BI-RADS Atlas 5th Edition[5], ACR required “an 
overall assessment of the volume of attenuating tissues in 
the breast” and stated: “We further recognize that both sub-
jective estimates and planimetry measurements of breast 
density based on area as depicted on (2-D) mammograms 
are imprecise indicators of the volume of breast density.”
The category descriptions were also updated [Figure 1], 
removing the quantitative categories and the caution-
ary note was changed to “which lowers the sensitivity of 
mammography”. There was also an increased focus on the 
masking risk posed by density, with the definition of the 
third BI-RADS category (C) changing to “heterogeneously 
dense, which may obscure small masses”. However, what 
constitutes a “small mass” is not defined and this may lead 
to disagreement in density assessments by radiologists.
 
RADIOLOGIST-ASSESSED BREAST DENSITY VARIES 
CONSIDERABLY
In their study, Brian Sprague and members of the PROSPR 
Consortium examined data from three breast cancer 
screening research centers to review radiologist breast den-
sity assessment. [9] Radiologists reviewed 216,783 mam-
mograms from a total of 145,123 women and gave them a 
BI-RADS 4th Edition density score. Of particular interest 
was the percentage of images that each radiologist exam-
ined and deemed to be “dense” (classified as BI-RADS 3 
or 4).
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The outcome was a striking highlight of 
the inherent subjectivity of BI-RADS. 
Considering the readings of all 83 radi-
ologists, the median percentage of mam-
mograms that were classified as “dense” 
was 38.7%. However, there was signifi-
cant variation — one radiologist only 
considered 6.3% of all mammograms as 
dense, while another gave this classifica-
tion to 84.5% of the images (Figure 2). 
One possibility for this discrepancy could 
be the fact that the patient set seen by 
each radiologist may vary considerably 
in terms of their breast density. However, 
after adjusting for age, race/ethnicity and 

BMI, the overall results barely changed, 
suggesting this may not explain the 
variability.
 
Furthermore, longitudinal assessment of 
a subset of women who had consecu-
tive studies available suggested that inter-
radiologist variation was the issue. Of the 
women whose density was re-assessed 
by the same radiologist after an average 
period of 1.2 years, 10% changed in their 
density classification. However, when a 
different radiologist performed the re-
assessment over the same time period, 
17.2% of women received a different 

classification—a 72% increase in dis-
crepancy. It is unlikely that this increased 
discrepancy arose due to other factors 
that affect density, such as age-dependent 
breast involution [13].
Considering the increased importance 
of breast density reporting, this discrep-
ancy between radiologist readings could 
illustrate a serious issue with the way 
that density is commonly measured. The 
authors point out that “a woman’s likeli-
hood of being told she has dense breasts 
varies substantially on the basis of which 
radiologist interprets her mammogram.”

Figure 1. BI-RADS Atlas 5th Edition Breast Composition Categories
A. The breasts are almost entirely fatty. B. There are scattered areas of fibroglandular density. C.The breasts are heterogeneously dense, which may obscure
small lesions. D. The breasts are extremely dense, which lowers the sensitivity of mammography

Figure 2. The distribution of density assessment among 83 radiologists in the PROSPR Consortium. Displayed is the fraction of mammograms (in terms of percentage) 
that each radiologist assessed as being “dense”. The percentage labels below the plot display the minimum, median and maximum estimation of “dense” mammograms 
amongst radiologists.
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CAN AUTOMATION REMOVE SUBJECTIVITY FROM BREAST 
DENSITY ESTIMATES?

As the breast is not a two-dimensional organ, explained well by 
Kopans [14], it is necessary to consider the volumetric density 
of the breast – that is not easily done by human observers look-
ing at two-dimensional images.
Therefore, the use of computer algorithms to quantify density 
with objective measures is one possible means of removing 
subjectivity. VolparaDensity, one such tool, has been tested in a 
number of peer-reviewed studies that proved its clinical utility 
and association with breast cancer risk.
One such study, by Eng et al. [15], provides a comprehensive 
comparison of six methods of measuring mammographic den-
sity and their association with breast cancer risk. 
Three area-based methods (BI-RADS, Cumulus, and ImageJ) 
and three fully-automated volumetric methods (Volpara, 
Quantra and SXA) were evaluated to quantify their associa-
tion with breast cancer risk. Each method was tested using 
digital images from 414 cases and 685 controls. All methods 
showed that density was inversely associated with age and 
BMI, and that mammographic density offers the potential, 
alone or in combination with other factors, to improve breast 
cancer risk prediction.

Of the six methods studied, the association of breast density 
with risk was highest for Volpara and Cumulus. Addition-
ally, Volpara was better at identifying women at low risk than 
other methods. Volpara and Cumulus were the only tools that 
produced breast density measures for all images in the study, 
with other methods failing to produce readings for up to 11% 
of the participants. The authors conclude that fully-automated 
methods are valid alternatives to the labor-intensive Cumulus 
for quantifying density in digital mammography.

AUTOMATED DENSITY ASSESSMENT PROVIDES MORE 
CONSISTENT READINGS

In light of the subjectivity and variation that Sprague et al. 
described, reliable breast density measurement is needed to 
personalize screening. Katarina Holland [16] and a team from 
the Radboud University Medical Center in The Netherlands 
investigated the categorization of pairs of subsequent screening 
mammograms into density classes by human readers and by an 
automated system. 
Holland used VolparaDensity software and the observations of 
four readers, including three specialized breast radiologists, to 
categorize 1000 mammograms belonging to 500 pairs of sub-
sequent screening exams into either two or four density classes. 

Volpara identified a significantly higher proportion of women 
who did not exhibit a change between two-point density catego-
ries (90.4% of women) compared to the radiologists (86.8%). 
Volpara produced more consistent density readings than the 
radiologists; Volpara’s readings between serial exams were sig-
nificantly higher than the radiologists’ readings were to each 
other. Volpara maintained higher kappa agreement values on 
both two- and four- category scales [Figure 3]. 

CONCLUSION
The use of an automated density measurement algorithm like 
VolparaDensity may prove effective in screening practice, as it is 
objective and not subject to the variation of a radiologist’s visual 
assessment. The triage of women to supplemental screening to 
overcome the reduced sensitivity of mammography in dense 
breasts should not be subjective. It is now well-established that 
automated quantitative methods can provide objective density 
assessment that is not subject to the intra- and inter-reader vari-
ability of human density assessment.
Furthermore, VolparaDensity will further personalize breast 
cancer risk assessment and help assess the temporal change of 
breast density, perhaps for monitoring the occurrence of age-
related involution or response to neoadjuvant therapies.
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Figure 3. Kappa agreement values for Volpara vs Radiologists on Two- and Four- 
Category Scales.

OCTOBER 2016 D I  E U R O P E  49 


