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Quantitative Breast Density 
Measurement Using Low Dose Chest CT
In this article, we briefly review the background to the increasing interest in the 
measurement of breast density and point out limitations of the current methods of 
quantitative measurement of breast density using two dimensional mammography. 
We describe the emergence of various three dimensional imaging methods for the 
quantification of breast density and present the results of the use of low dose chest 
computed tomography (LDCT) to measure breast density. LDCT is increasingly being 
used, e.g. in lung cancer screening, so the use of an already exisiting imaging data 
set may represent an efficient opportunity to provide quantitative 3D breast density 
determinations. 

THE NEED FOR QUANTITATIVE MEASUREMENT OF 
BREAST DENSITY 
The United States is so far the only country in the world 
to have passed laws mandating that women be informed if 
they are found to have dense breasts and that they be made 
aware of the limitations this might impose on mammogra-
phy examinations. Such limitations include the possibility 
that suspicious lesions could be masked in mammographic 
examination of dense breasts. Ever since the first US state 
— Connecticut — implemented breast density legislation in 
2009, such legislation has steadily become more widespread 
in the USA. In October 2011, the Breast Density and Mam-
mography Reporting Act was passed in the U.S. Congress, 
requiring that every mammography report should provide 
information regarding the patient’s breast density. As of May 
2006, 27 states in the USA had passed breast density notifica-
tion legislation and several more states have bills in progress. 
Other regions throughout the world including the European 
Union, Canada and Japan have also shown interest in such 
legislation although as yet no laws have been passed. While 
all this indicates the growing interest in the issue of breast 
density, it should be noted that the legislation can have unin-
tended consequences, one of which can be confusion and 

anxiety on the part of the women if the notification process 
itself is unclear and if recommended future action is not 
clearly explained. 
One other major problem is how to consistently and accu-
rately measure breast density in the first place. Current 
studies of breast density have mostly used methods based on 
2D mammographic density (MD) determination and have 
significantly advanced our understanding of the associa-
tion between breast density and cancer risk. Nevertheless, 
there are fundamental concerns regarding the assessment of 
breast density using this approach. The assessment of MD 
based on a qualitative method, such as BIRADS categoriza-
tion, is observer-dependent and reliability is thus a major 
concern, with high inter- or intra- reader inconsistency. 
Even with quantitative methods, the fundamental issue 
remains that 2D mammography relies on projection images 
that can be affected by the tissue-overlapping problem and 
so might not be able to differentiate accurately and with 
high sensitivity between fatty and fibroglandular tissues. 
The positioning of the subject and the degree of breast compres-
sion during the image acquisition process may result in different 
projection views and thus different measured densities. The 2D 
MD quantification technique is also subjective, requiring as it 
does the operator to interactively select overall threshold values 
for the whole breast and the fibroglandular tissue area. This can 
result in large intra- and inter-operator measurement variability. 
Calibration of the mammography unit itself is of course 
extremely important to control the X-ray exposure in quantita-
tive analysis. Even a small variation in calibration may render 
unreliable the evaluation of small changes in the image. Indeed, 
the accuracy of breast density as determined by mammography 
has been seriously questioned in one paper [1] which pointed 
out that several studies suggesting a link between MD and the 
risk of breast cancer may have methodological flaws, and con-
cluded that studies showing only small percentage differences 
between groups are likely to be inaccurate. 
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Recently two automated breast density 
assessment tools have been approved by 
FDA and are increasingly being used in 
mammography. One is the Quantra sys-
tem from Hologic (www.hologic.com); the 
other is from Volpara (www.volparaden-
sity.com). Both quantitative tools give an 
objective estimate of the total volume of 
fibroglandular tissue as well as the total 
volume of the breast tissue, expressed in 
cubic centimeters, and avoid the subjec-
tivity associated with the judgment of 
human operators. However, despite the 
advances brought about by the develop-
ment of these new analytical tools, they 
still suffer from the intrinsic problem 
of overlapping tissue, since the analysis 
is still based on 2-dimensional projec-
tion acquisition. Ideally measurement of 
breast density probably would require a 
standardized true isotropic three-dimen-
sional (3D) capture of the whole breast. 

QUANTITATIVE DENSITY MEASUREMENT 
USING 3D MODALITIES 
Because of the problems of mammogra-
phy-based measurement, other emerging 
new technologies are being developed 
for assessing breast density, including 
other X-ray-based modalities, MR imag-
ing, optical imaging modalities, and 

ultrasound-based imaging. Over the last 
ten years, our research group has focussed 
intensive effort in the development of 3D 
imaging tools, for the quantitative assess-
ment of breast density including MRI [2, 
3], 3D ultrasound [4], and low dose chest 
CT [5]. 
Of these 3D imaging modalities, MRI has 
been the most studied, but its clinical role 
in density assessment has been limited by its 
high cost and the consequent limited num-
ber of women who have been examined 
using this modality. 
Still in the early stages of development, the 
use of 3D US for the quantitative measure-
ment of breast density faces challenges such 
as separating the chest wall from the breast 
area, and fatty tissue from the fibroglandular 
tissue [4]. 
In contrast, CT is a widely used diagnostic 
modality in the clinical setting and chest CT 
is routinely employed for many pathologies 
in the thoracic, pulmonary, and cardiovas-
cular fields.
The large number of clinical chest CT 
examinations that are carried out pres-
ents an opportunity to evaluate the 
potential of this modality for assessing 
breast density in female subjects. In 
recent years, several CT modalities have 
been studied, including clinical chest CT 

[6], low dose chest CT (LDCT) [5], cone 
beam CT, and dedicated breast CT [7]. 
LDCT is increasingly being used for lung 
cancer screening. The overall average 
effective radiation dose of LDCT is much 
lower than that of a typical standard-
dose chest CT examination (2 mSv vs. 7 
mSv) [8]. In Western countries, LDCT is 
increasingly being used to screen patients 
at high risk of lung cancer such as heavy 
smokers. The use of LDCT in such appli-
cations has resulted in a 20 percent reduc-
tion in deaths from lung cancer among 
current or former heavy smokers as com-
pared with those screened by chest X-ray 
[9]. In addition, in several Asian countries, 
for example Korea and Taiwan, many non-
high-risk subjects are examined by LDCT 
because of a general perceived risk of radi-
ation-associated cancer with standard CT. 
Against the general background of concern 
regarding radiation in CT, LDCT is consid-
ered a safe screening tool. Its clinical use is 
thus anticipated to increase, not only for lung 
cancer screening but also for the diagnosis 
of other pulmonary diseases. As many of 
the patients undergoing such chest LDCT 
are female, the modality has the potential to 
provide additional information about breast 
density of use in the personalized manage-
ment of breast cancer screening. 

Figure 1. Quantitative measurement of breast density using low dose chest CT (LDCT). (a), original LDCT image; (b), segmentation of breast area; and (c) segmentation 
of fibroglandular tissue. The acquired breast volume, fibroglandular tissue volume, and percent breast density are 750.9 mL, 53.8mL, and 7.2% respectively for the right 
breast; and 810.9 mL, 63.9 mL, and 7.9% respectively for the left breast.
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BREAST / FIBROGLANDULAR TISSUE 
SEGMENTATION AND BREAST DENSITY 
QUANTIFICATION USING LDCT 
Because of the relatively noisy nature of 
LDCT images, accurate segmentation of 
fibroglandular tissue and thus quantifica-
tion of breast density using the modality 
is challenging. To have consistent results, 
robust segmentation algorithms are 
required. The method we have adopted 
for breast segmentation on LDCT [5] is 
derived from an automatic 3D MR-based 
method using sophisticated computer-
assisted algorithms which we have devel-
oped for breast density segmentation [10]. 
In the overall segmentation procedure, 
two aspects have to be addressed. First, 
the segmentation of the breast volume and 
secondly, the segmentation of the fibro-
glandular tissue [Figure 1]. 
For breast segmentation, since breast fatty 
tissue is continuous with the body fat, and 
there is no “real” boundary of the breast, the 
anatomic landmark used for the segmenta-
tion of the breast may affect the calculation 
of the percentage breast density. The ana-
tomic landmark to segment the breast can 
be determined in different ways but must 
retain all the fibroglandular tissue within 
the breast. In practice, for simplicity and 
consistency, we usually trace a horizontal 
line on an image acquired at the aortic arch 
level. The line is immediately posterior and 
parallel to the sternum or is a line con-
necting the lateral margin of the bilateral 
pectoralis muscle. Since LDCT images are 
acquired with the subject in the supine 
position, the breast may shift laterally due 
to gravity and the shape of the thoracic 
cage. Accordingly, the fibroglandular tissue 
is also shifted to the lateral-posterior side of 
the chest. Depending on the extent of such 
shifting of the breast, the horizontal line we 
trace may have to be moved to a more pos-
terior position to ensure that all the fibro-
glandular tissue in the acquired CT images 
is included. When the anatomic landmark 
is determined in this way, the breast area in 
all the images can then be segmented.
For fibroglandular tissue segmentation, we 
use fuzzy C-means (FCM) algorithms to 
separate adipose and fibroglandular tissue. 
FCM is currently implemented in several 
freely downloadable software for image 
processing, such as Medical Image Process-
ing, Analysis, and Visualization (MIPAV). 
Several references in the literature describe 
the use of thresholding and clustering-based 

algorithms such as FCM, or K-means clus-
tering, for quantitative fibroglandular tissue 
segmentation. 
For mammographic density studies, inter-
active thresholding methods are used more 
often than FCM. Klifa et al. compared 
breast density results based on MR imag-
ing using manual, thresholding, and FCM 
methods to segment the fibroglandular 
tissue in the breast [11]. They noted that 
inter-operator variability using FCM was 
around 7%, while that using the threshold-
ing method was >15% and that using man-
ual segmentation was >18%. Intra-operator 
variability showed the same trend, thus sug-
gesting that the FCM clustering-based algo-
rithm is the optimal method to minimize 
operator-related variability. In our recent 
published study of LDCT using FCM [5], 
the intra- and inter-operator reproducibil-
ity for the measurement of breast volume, 
fibroglandular tissue volume, and percent 
density all yield highly consistent results, 
with all intraclass correlation coefficients > 
0.95. (In the absence of an absolute method 
for validation, the statistical parameters 
used to evaluate the approach measure 
reproducibility rather than accuracy). One 
problem with FCM is that the choice of 
FCM clusters does affect the segmentation 
results, which can subsequently affect the 
density measurement. For this reason we 
fix the cluster numbers to minimize the bias 
effect. The cluster numbers were adjusted 
in only a few cases when the segmentation 
results were unsatisfactory as judged by a 
radiologist’s inspection. 
Breast density acquired in LDCT was in 
general lower than that of mammographic 
density both qualitatively and quantita-
tively [12]. This is to be expected since 
CT is based on 3D analysis and not on 2D 
projection views. Breast density acquired 
via LDCT was well correlated with that 
of MRI (r>0.95) [5]. However, due to the 
positional difference of the two imaging 
modalities, breast volume and fibroglan-
dular tissue volume acquired with LDCT 
were in general higher than those of MRI, 
but percentage density results were very 
similar. 

CONCLUSIONS
The clinical use of LDCT has been steadily 
increasing, especially after the announce-
ment last year by the U.S. Centers for Medi-
care and Medicaid Services (CMS) that 
LDCT can be reimbursed, particularly in 

current clinical applications in lung cancer. 
It seems common sense to take advantage of 
chest LDCT in female subjects to measure 
breast density through use of the same imag-
ing data set. 
We have proven the technical feasibility of 
the use of LDCT images in the measure-
ment of breast density and have shown con-
sistent intra- and inter-operator results. The 
full realization of the future clinical poten-
tial of chest LDCT to provide density infor-
mation which can then be used to improve 
the quality of screening for breast cancer 
will however depend on several issues. 
These include the familiarity of clinical per-
sonnel with the segmentation algorithms, 
how consistent the density results measured 
by this approach are as compared to the 
currently established mammographic den-
sity and generally how popular this new 
application of an established modality turns 
out to be in clinical routine. 
 
REFERENCES
1.  Kopans DB. Basic physics and doubts about relation-

ship between mammographically determined tissue 
density and breast cancer risk. Radiology. 2008; 
246: 348. 

2.   Nie K, Chen JH, Chan S, et al. Development of 
a quantitative method for analysis of breast den-
sity based on 3-dimensional breast MRI. Med Phys. 
2008; 35: 5253 

3.   Chen JH, Nie K, Bahri S, et al. MRI evaluation of 
decrease of breast density in the contralateral nor-
mal breast of patients receiving neoadjuvant chemo-
therapy. Radiology. 2010;255(1):44

4.   Chen JH, Lee YW, Chan SW, et al. Breast density 
analysis with automated whole-breast ultrasound: 
comparison with 3-D magnetic resonance imaging. 
Ultrasound Med Biol. 2016; 42: 1211.

5.   Chen JH, Chan S, Lu NH, et al. Opportunistic breast 
density assessment in women receiving low-dose 
chest computed tomography screening. Acad Radiol. 
2016; 23 :1154. 

6.   Salvatore M, Margolies L, Kale M, et al. Breast den-
sity: comparison of chest CT with mammography. 
Radiology. 2014; 270: 67.

7.   Vedantham S, Shi L, Karellas A, O’Connell AM. 
Dedicated breast CT: fibroglandular volume measure-
ments in a diagnostic population. Med Phys. 2012; 
39: 7317. 

8.   Larke FJ, Kruger RL, Cagnon CH, et al. Estimated 
radiation dose associated with low-dose chest CT 
of average-size participants in the National Lung 
Screening Trial. AJR Am J Roentgenol. 2011; 197: 
1165. 

9.   National Lung Screening Trial Research Team, Aberle 
DR, Adams AM, Berg CD, et al. Reduced lung-can-
cer mortality with low-dose computed tomographic 
screening. N Engl J Med. 2011; 365: 395. 

10.  Lin M, Chen JH, Wang X, et al. Template-based auto-
matic breast segmentation on MRI by excluding the 
chest region. Med Phys. 2013; 40:122301.

11.   Klifa C, Carballido-Gamio J, Wilmes L et al. 
Quantification of breast tissue index from MR data 
using fuzzy cluster. Proc. IEEE Eng. Med. Biol. Soc. 
2004; 3: 1667.

12.   Moon WK, Lo CM, Goo JM, et al. Quantitative analy-
sis for breast density estimation in low dose chest 
CT scans. J Med Syst. 2014; 38: 21.

BREAST IMAGING

 32 D I  E U R O P E  OCTOBER 2016


