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Abstract. Mammographic density (MD) is a significant risk factor for breast cancer and has been shown to
reduce the sensitivity of mammography screening. Knowledge of a woman’s density can be used to predict
her risk of developing breast cancer and personalize her imaging pathway. However, measurement of breast
density has proven to be troublesome with wide variations in density recorded using radiologists’ visual Breast
Imaging Reporting and Data System (BIRADS). Several automated methods for assessing breast density have
been proposed, each with their own source of measurement error. The use of differing mammographic imaging
systems further complicates MD measurement, especially for the same women imaged over time. The purpose
of this study was to investigate whether having a mammogram on differing manufacturer’s equipment affects a
woman’s MD measurement. Raw mammographic images were acquired on two mammography imaging sys-
tems (General Electric and Hologic) one year apart and processed using VolparaDensity™ to obtain the Volpara
Density Grade (VDG) and average volumetric breast density percentage (AvBD%). Visual BIRADS scores were
also obtained from 20 expert readers. BIRADS scores for both systems showed strong positive correlation
(ρ ¼ 0.904; p < 0.001), while the VDG (ρ ¼ 0.978; p < 0.001) and AvBD% (ρ ¼ 0.973; p < 0.001) showed
stronger positive correlations. Substantial agreement was shown between the systems for BIRADS (κ ¼ 0.692;
p < 0.001), however, the systems demonstrated an almost perfect agreement for VDG (κ ¼ 0.933; p < 0.001).
© 2015 Society of Photo-Optical Instrumentation Engineers (SPIE) [DOI: 10.1117/1.JMI.2.1.015501]
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1 Introduction
Women with dense breasts have a risk of breast cancer four to
six times higher than women with fatty breasts.1 Fat and fibro-
glandular tissues have different radiographic appearances on a
mammogram.1 Fat appears as regions of darkness, whereas
fibroglandular tissue appears as regions of brightness; this bright
tissue is referred to as mammographic density (MD).2 Increased
MD is linked to higher breast cancer risk and it can affect mam-
mography screening sensitivity through masking effects making
diagnosis of cancer more difficult.3 Measuring MD is important
for breast cancer risk prediction and for recommending an
appropriate imaging pathway. Women with increased MD
need further imaging, such as ultrasound or magnetic resonance
imaging (MRI), to better visualize structures within the dense
tissue.4,5 However, a number of MD features are not standard-
ized including method of measurement, use of American
College of Radiology Breast Imaging Reporting and Data
System (ACR BIRADS) density definitions, and legislative
requirements around informing the woman.

MD as apparent to an observer is estimated by evaluating the
bright and dark areas of the image, which represent the fibro-
glandular and fatty tissues, respectively.6 The appearance of
MD is due to variations in the breast tissue composition and
the x-ray attenuation characteristics of these tissues.2 The attenu-
ation characteristics may also be affected by the imaging

technology and technique used. For example, increased noise
can increase brightness and may affect the perception of
MD.7,8 Reduction in x-ray penetration will increase contrast
and thus areas of brightness resulting in increased apparent MD.

The brightness of the image is also affected by acquisition
parameters such as the exposure factors and the detector char-
acteristics.9,10 Each manufacturer uses different anode-filter
combinations; these impact upon the penetration of dense tissue,
dose and image quality.11 Dance et al. found a 20% improve-
ment in image contrast at low dose using molybdenum/rhodium
(Mo/Rh) or rhodium/rhodium (Rh/Rh) for dense breasts,
whereas tungsten/rhodium or rhodium/aluminum had more
than a 50% dose reduction while maintaining contrast.12

Improved image contrast results in more differentiation of
dark and bright regions on the mammogram.

Different manufacturers’ digital detectors differ in their sig-
nal-to-noise ratio (SNR) and detective quantum efficiency
(DQE) properties.8,10 Direct conversion amorphous selenium
(a-Se) mammography detectors have higher DQE than indirect
conversion amorphous silicon cesium iodide (a-S:CsI) detec-
tors.8,10 DQE measures SNR transfer through the system as a
function of spatial frequency. At an equal dose, decreasing
DQE translates to less signal and more noise. As noise is a
high frequency high brightness image attribute, it affects the
mean brightness of the image, particularly in difficult to pen-
etrate areas such as fibroglandular tissue.8,10 This difference
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in brightness characteristics of the images may affect the per-
ceived or measured MD.7–10

Two of the largest mammography equipment manufacturers
have chosen different anode filter combinations and detector
materials. The General Electric (GE) manufactured
“Senographe DS and Essential” full-field digital mammogra-
phy (FFDM) systems (GE Healthcare, Fairfield, Connecticut)
are equipped with anode filter combinations of molybdenum
(Mo) and rhodium (Rh).7,12,13 These systems use a-Si:CsI
flat panel arrays.8–10 The DQE ranges from 35% to 45%
and is measured at 18% DQE for (5 mm−1).7,8,14–16 Both the
GE Senographe Essential and Senographe DS have the
same detector element size (100 μm) but different detector
sizes: Senographe Essential, 24 × 30.7 cm2 and Senographe
DS (23 × 19.2 cm2).8,9,13 The Hologic manufactured “Lorad
Selenia” is an FFDM system using a-Se flat panel detectors
(Hologic, Inc., Belford, Massachusetts).7–9,16 It is equipped
with a tungsten (W) anode and a choice of rhodium (Rh) or
silver (Ag) filtration. Previous literature reports that the com-
bination of W/Rh is the best option for high performance in
terms of contrast and brightness at a lower dose.11 The
range of DQE for this system is from 27% to 47% and is mea-
sured at 20% DQE for (5 mm−1).16 The Lorad Selenia detector
size is 24 × 29 cm2.

Last, but maybe most importantly, different manufacturers
apply different processing algorithms to change the raw data
into an image suitable for cancer detection. These algorithms
can be highly nonlinear and are highly proprietary. The effect
of this on MD was assessed recently by Brand et al.17 They con-
ducted a comparative study using Volpara on five different mam-
mographic imaging systems assessing breast cancer risk with
automated measurement. The authors reported that with the
exclusion of the small GE detector, minor differences were
noted between GE, Phillips, and Sectra systems, with the largest
relative difference in percent dense volume being 3%.17 They
conclude that “automated measurement of volumetric MD
can be used as part of screening programs to provide risk
and masking information that could be used to alter women’s
clinical management.” The same certainty is needed for the
most commonly used MD assessment system, BIRADS.
Therefore, the purpose of this study is to investigate whether
MDmeasurement using BIRADS and Volpara differs for images
produced on GE and Hologic systems.

2 Methods
Institutional Review Board approval was obtained for the study
(IRB 2013/448) in which two mammographic imaging systems
were compared for their impact on MD measurement.

2.1 Selection of Images

The data set is composed of 40 cases, each containing a com-
bined image of the left craniocaudal (LCC) and left mediolateral
oblique (LMLO). These images were obtained from 20 women
aged between 42 and 89 years. The images were acquired on
three imaging systems (GE Senographe Essential/DS and
Hologic Lorad) 1 year apart. From the 20 women, 11 were
imaged on GE first and 9 on Hologic first. As the images
were obtained at the same clinic, under the same protocol,
we can have some confidence that there will be some similarities
in the production of the images. All images were produced with
the same imaging quality criteria such as those presented in the

Mammographic Quality Standards (MQSA) in breast cancer
screening and diagnosis.18

The images for the study were obtained from Volpara. These
women had given consent for their images to be used for research
and all the images included in the study are of healthy women.
Volpara selected the images to represent the range of VDGs and
AvBD% found across the population. The images were selected
to enable a comparison of the VDGs for women whose images
were produced 1 year apart and also to have a comparable number
of cases for each of the four VDG categories.

2.2 Image Display and MD Quantification Using
BIRADS

Images were displayed on a single five-megapixel diagnostic
quality monitor (Eizo, Japan) using ViewDEX software version
2.0.19 Twenty American Board of Radiology (ABR) examiners
were presented with 40 cases. Radiologists had the ability to
adjust the window width and level as well as to pan and
zoom the image. A random order of case presentation was gen-
erated and the same random order was used for all observers.
The images from each discrete mammographic examination
for each woman were kept together and presented in the
same sequence. For each case, there were three images, first
the LCC followed by the LMLO and finally the combined
LCC and LMLO presented together. A score on the ACR
BIRADS density scale of 1 to 4 was recorded with 1 describing
an entirely fatty breast and 4 representing an extremely dense
breast.20–22 To replicate clinical practice, the radiologist made
one overall judgment from the combined image of LCC and
LMLO for each of the 40 cases. A total of 800 MD judgments
were made (400 GE and 400 Hologic). During evaluation of the
images, the ambient lighting was kept constantly between 25
and 35 lux as confirmed by a calibrated photometer (model
07–621, Nuclear Associates).23

2.3 MD Quantification Using Volpara Automated
Software

The combined image of the left breast was categorized using
Volpara imaging software version 1.4.3 (Mātakina, Wellington,
New Zealand) into Volpara Density Grade (VDG) categories 1
to 4, with these density grades designed to simulate the ACR
BIRADS density scales. The software generates automatic meas-
urement of volumetric MD values reported as the average breast
density percentage (AvBD%). Using preset thresholds, the per-
centages are classified as VDGs (VDG 1 ¼ 0% to 4.5%, VDG
2 ¼ 4.5% to 7.5%, VDG 3 ¼ 7.5% to 15.5% and over 15.5%
is VDG 4).24 For 20 women with two density measurements 1
year apart, 40 VDG and AvBD% data points were created.

2.4 Statistics

Statistical analyses were performed by using SPSS 21.0 (SPSS,
Chicago, Illinois). A Mann–Whitney U-test was used to com-
pare the medians of GE versus Hologic for BIRADS, VDG, and
mean values for AvBD%. Spearman’s rank coefficient of corre-
lation (ρ) was used to examine relationships between the sys-
tems for BIRADS, VDG, and AvBD%. The intrareader
agreement on BIRADS categorization between the 20 readers
was compared and expressed as Cohen’s Kappa (κ) with the
use of a 20 × 20 matrix. Results were considered to be sta-
tistically significant at p < 0.05.
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3 Results

3.1 Comparison of Median Values Between GE and
Hologic System for BIRADS, VDG, and AvBD%

Although both GE and Hologic had a median BIRADS value of
2.0, the absolute difference in medians was 0.225 with GE
resulting in a significantly higher BIRADS (U ¼ −2.03;
p < 0.043). The absolute difference is calculated by averaging
the difference in median BIRADS score for GE and Hologic for
each individual reader. The absolute difference in medians for
VDG between the systems was 0.05 and was not significant
(U ¼ −0.15; p < 0.877). Mann–Whitney tests showed no sig-
nificant difference between the median AvBD%, with GE hav-
ing a median value of 6.51 and Hologic 6.79 (U ¼ −0.81;
p < 0.935) see Table 1.

3.2 Correlation Between GE and Hologic for
BIRADS, VDG, and AvBD%

BIRADS for Hologic versus GE showed strong positive correla-
tion (ρ ¼ 0.904; p < 0.001) (Fig. 1), however, the VDG and

AvBD% between the two systems had even stronger positive cor-
relations (ρ ¼ 0.978; p < 0.001) and (ρ ¼ 0.973; p < 0.001),
respectively (Figs. 2 and 3).

3.3 Agreement Between GE and Hologic Systems
on BIRADS Categorization and VDG

For BIRADS, there was substantial agreement between the sys-
tems with a kappa of 0.692 p < 0.001. The inter-reader agree-
ment for radiologists using the BIRADS four point scale had an
average Kappa of 0.564 (95% CI ¼ 0.519 to 0.610) and ranged
between 0.328 and 0.669, while the inter-reader agreement for
radiologists using BIRADS on the binary scale had an average
kappa of 0.855; (95% CI ¼ 0.824 to 0.866) and ranged between
0.656 and 0.901. There was an almost perfect agreement

Table 1 Comparison of median values between GE and Hologic for
BIRADS, VDG and AvBD%.

N Minimum Maximum Median

BIRADS GE 400 1.00 4.00 2.00

BIRADS HOL 400 1.00 4.00 2.00

VDG GE 20 1.00 4.00 2.00

VDG HOL 20 1.00 4.00 2.00

AvBD% GE 20 2.54 24.64 6.51

AvBD% HOL 20 3.47 22.92 6.79

Fig. 1 A scatter plot demonstrating BIRADS correlation for GE versus
Hologic imaging systems. The systems showed strong positive cor-
relation (ρ ¼ 0.904; p < 0.001). The size of the dot indicates the num-
ber of data points it contains.

Fig. 2 A scatter plot demonstrating VDG correlation for GE versus
hologic imaging systems. The systems showed stronger positive cor-
relation (ρ ¼ 0.978; p < 0.001) for VDG than BIRADS. The size of the
dot indicates the number of data points it contains.

Fig. 3 A scatter plot demonstrating AvBD% correlation for GE versus
Hologic imaging systems. The systems showed stronger positive cor-
relation (ρ ¼ 0.973; p < 0.001) for AvBD% than BIRADS. The size of
the dot indicates the number of data points it contains.
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between GE and Hologic imaging systems for VDG (κ ¼ 0.933;
p < 0.001).

4 Discussion
MD measurement is increasingly important in clinical manage-
ment of patients. However, differing mammographic imaging
systems are used for acquiring mammograms. Although having
the same objective, the GE Senographe Essential/DS and
Hologic Lorad Selenia mammographic imaging systems use dif-
ferent detector and filter materials and different postprocessing
algorithms. Postprocessing does not affect VDG and AvBD% as
this is applied to the raw image, however, BIRADS is affected
by postprocessing. These differences could result in different
MD measurements. Crucially, differences in MD measurement
could affect a woman’s imaging pathway. The current study
investigated the impact of two mammographic imaging systems
on MD measurement using BIRADS and Volpara.

Current result indicates that the BIRADS density assessment
on the GE system is higher than on the Hologic system. Our
finding is similar to that of Vinnicombe et al. who suggested
that human visual assessments of density were more likely to
be higher on GE than the Hologic system.25 When the systems
were compared for the absolute difference in medians for VDG,
there was no significant difference between the systems, a result
which demonstrated that with automated measurement, the
impact of the mammographic imaging system on BD is negli-
gible. Our finding is contrary to previous studies which reported
that the Hologic mammographic imaging system is less accurate
for volumetric measurement than the GE system.26,27 Tyson
et al.27 reported that the Hologic system uses a tilting compres-
sion plate which results in variation of breast thickness
measurement.

The lower correlation between BIRADS MD measurements
on different mammographic imaging systems is likely due to the
larger intraobserver variations common with qualitative report-
ing measures. The systems demonstrated a substantial agree-
ment for BIRADS, whereas an almost perfect agreement was
shown between the systems for VDG. The comparison of
BIRADS measures over 20 radiologists demonstrates that
there is a large variation in BIRADS reading for the same
women. The intrareader variation with BIRADS is possibly
due to a reduced BIRADS correlation between the imaging
systems, different technology, and varying postprocessing
algorithms.

For the current study, intrareader variation with BIRADSwas
assessed using Cohen’s Kappa. This assumes that errors asso-
ciated with the readers’ ratings are independent.28–30 In the cur-
rent study, as with all measures of intrareader reliability, initial
ratings may influence subsequent ones, and this threatens the
assumption of independence. One solution to this is to separate
readings by a number of days. However, this would not be prac-
tical where 40 ratings are involved. Although Kappa can be
adjusted by methods such as Prevalence and Bias Adjusted
Kappa (PABAK),31 Hoehler is of the opinion that the effects
of bias and prevalence on the scale of Kappa are useful and,
therefore, should not be adjusted.32

The separation of the mammographic cases for the same
woman by 1 year may not have impacted upon the density
of the latter case. The average difference between our two
screening studies was 12.83 months, with a range of 12.03 to
16.01. A study by Kerlikowske et al.33 demonstrate that
“among women without breast cancer, those aged 70 years

and older were four times more likely to be assigned to the low-
est breast density category (category 1) and six times less likely
to be assigned to the highest breast density category (category 4)
than were women aged 30–39 years.” Thus, breast density
decreased with age. Their work shows that this change in den-
sity takes many years to be measurable and significant.
Likewise, Vachon et al.34 reported that breast density decreased
by at least one BIRADS category over ∼6 years.34 Thus, while
breast density decreases with age, the effects are likely to be
imperceptible over 1 year. However, volumetric studies are
likely to be more sensitive than area based studies of MD. The
only study investigating the impact of time on volumetric MD
was by Holland et al.35 The mean screening interval between
their two studies was 22.65 months. The authors reported
that in 89.7% of the cases, MD remained in the same category.
In 3.2% of the pairs, an increase in percentage density was
actually reported, resulting in a change from the nondense to
dense category. They report that this effect may have been
due to differences in the breast thickness measurement as
reported in the DICOM headers. For the current study, the
impact of the passing of 1 year on the AvBD% was assessed
and a perfect correlation for AvBD% was shown between
year 1 and 2 (r ¼ 0.997; p ≤ 0.001).36

The study showed that the impact of differing imaging sys-
tems on volumetric MD measurements was negligible, thus
demonstrating that volumetric measures have higher reproduc-
ibility than BIRADS. VDG and AvBD% results are very prom-
ising as they indicate not only that mammographic systems do
not seem to have an influence on MD measurement but also that
other circumstances, such as slightly different positioning and
most likely different technicians do not seem to matter. For
the current study, cases were selected to show the temporal sta-
bility with Volpara, and other studies have shown Volpara to be
robust to differing manufacturer mammography systems for
women screened 1 year apart.25

Even though our results are clear, there is no known truth for
MD measurement, although people have been using MRI for
this and other groups are now looking at CT measurements.

The current study had some limitations. Our study only
investigated the BIRADS reading on a left breast; it did so
only with American radiologists. Different intrareader variabil-
ity may exist in other countries, and this needs to be assessed.
The radiologists may not have been familiar with the presenta-
tion state of the images and may be used to a different look,
which may have affected their perception of density. It is
also not known whether inclusion of the right breast would
have increased or reduced the intrareader variability for
BIRADS MD. The results of this paper pertain to FFDM, how-
ever, further work may be needed to investigate whether
differences exist for other systems such as CR and DBT.

This work demonstrates that automated measures of MD
have higher reproducibility than BIRADS. However, implemen-
tation of automated systems is not universal and the final deci-
sion on MD will continue to be the responsibility of the
radiologists. Therefore, further work will investigate the effect
of factors that influence radiologists’ MD decision such as
prevalence of higher BMI in the patient population, number
of years of experience and the number of cases read per year.

5 Conclusion
Stronger positive correlations in VDG and AvBD% scores com-
pared with BIRADS values were demonstrated between

Journal of Medical Imaging 015501-4 Jan–Mar 2015 • Vol. 2(1)

Damases, Brennan, and McEntee: Mammographic density measurements are not affected. . .



imaging systems. The effect of using two different mammo-
graphic imaging systems on MD measurement was negligible.
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