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Purpose: The purpose of this study is to compare the measurements of breast density using three-
dimensional �3-D� automated whole breast ultrasound �ABUS� and magnetic resonance imaging
�MRI�.
Methods: In this study, 3-D ABUS and MRI breast images were obtained from 40 patients—
bilaterally in 27 patients and unilaterally �due to operation in the contralateral breast� in 13 patients.
To differentiate the fibroglandular and fatty tissues in ABUS and MRI images, the fuzzy C-mean
classifier was used. Calculated values for percent density and breast volume from the two modali-
ties were compared to and correlated with linear regression analysis. Intraoperator and interoperator
variations among eight cases were evaluated to verify the consistency of the density analysis.
Results: Mean percent density and breast volume derived from ABUS �17.63�11.87% and
418.30�132.97 cm3, respectively� and MRI images �23.79�16.62% and 544.90�207.41 cm3�
demonstrated good correlation �R=0.917 and R=0.884�. Intraoperator and interoperator analyses
yielded slightly larger coefficients of variation for percent density and breast volume in ABUS
compared to MRI. However, the differences were not statistically significant.
Conclusions: ABUS and MRI showed high correlation for breast density and breast volume quan-
tification. Both modalities could provide useful breast density information to physicians. © 2011
American Association of Physicists in Medicine. �DOI: 10.1118/1.3523617�
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I. INTRODUCTION

Breast density, a relative value for the amount of fibroglan-
dular tissue �stromal and epithelial� in the breast, can be
affected by various genetic, hormonal, and environmental
factors.1–6 Mammographically determined dense breasts in
women have been correlated with a breast cancer risk 1.8–
6.0 times that of women with lower densities.2,7–9 Despite

common clinical use, evaluations of breast density based on
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mammograms suffer from major problems including tissue
overlap, inconsistent values due to variation in the position
and degree of compression, and variation in the
calibration.10,11 Recently, efforts toward developing more re-
liable imaging techniques for assessing breast density for
cancer risk correlation have turned to magnetic resonance
imaging �MRI� as a possible modality.12–22 MRI provides a

three-dimensional �3-D� view of the breast, contrasting fib-
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roglandular and fatty tissues without experiencing tissue
overlap or x-ray exposure calibration. Unfortunately, consis-
tent breast boundary parameters, pulse sequences, and com-
puterized algorithms necessary to accurately segment fibro-
glandular tissue have not yet been established.

Several standardized automated breast ultrasound
�ABUS� machines have been developed to acquire the vol-
ume of the whole breast.23,24 In the study by Kelly et al.,23

using ABUS with mammography, cancer detection was in-
creased from 23 to 46 in 6425 examinations, compared to
mammography alone. Previously, we analyzed breast density
with ABUS images obtained from an Aloka SSD-5500 ma-
chine �Tokyo, Japan� with a probe width of 6 cm scanned in
prone position.22 The experimental results showed that the
ABUS images could provide concordant and reliable quanti-
fication of breast density with the mammograms categorized
based on ACR-BIRADS. In the current study, we aim to
compare the results of breast density measurements between
ABUS and MRI utilizing the fuzzy C-mean �FCM�
method18,21 to differentiate fibroglandular and fatty tissues.

II. MATERIALS AND METHODS

II.A. Patients

Between October 2007 and March 2008, imaging data
were obtained from 40 patients of diagnostic setting �mean
of age: 50.9; standard deviation of age: 9.4�, with available
ABUS and 3-D breast MRI images �mean time interval: 3.8
days; range, �70�73 days�. Among the 40 patients, five
patients had breast surgical operations and eight patients had
abnormal findings in one breast. For these 13 patients, only 1
normal breast in each subject was analyzed. The remaining
27 patients had their bilateral breasts analyzed. In total, 67
breasts �bilateral breasts in 27 patients and 1 breast in 13
patients� were analyzed with two imaging modalities. Differ-
ence of breast density and breast volume of the two breasts
for the same subject were analyzed in 27 patients. This study
was approved by the local ethics committee and the informed
consent was waived for our retrospective study.

II.B. The automated whole breast ultrasound

ABUS images were produced at a SomoVu ScanStation
�U-systems, San Jose, CA�. At the SomoVu ScanStation, the
10 MHz linear transducer with a width of 14.7 cm was used
to obtain a wider US image compared to the conventional
transducer with width of 4 cm.

Images were constructed of 2-D slices �548
�348 pixels� from three orthogonal views, transverse �A
view�, longitudinal �B view�, and coronal �C view�, with a
resolution of scanning of approximately 16 pixels/cm in the
transverse direction �z-axis�, 35 pixels/cm in the longitudinal
direction �x-axis�, and 88 pixels/cm in the coronal direction
�y-axis�. Skin, subcutaneous fat, glandular tissue, nipple, ret-
romammary fat, muscle fascia, and ribs are observed in an A

view shown in Fig. 1.
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II.C. Calculating percent density from ABUS images

The percent breast density was calculated based on the
ratio of the fibroglandular tissue area over the whole breast
regions, which together encompass breast tissue. Nonbreast
regions—muscle, ribs, regions of overlap, skin, and anechoic
regions—were removed prior to formulating percentage den-
sity values.

Muscle, ribs, and overlapping regions were removed
manually. Regions of overlap between multiple images of the
same breast were determined by creating a vertical line
across the nipple as reference �Fig. 2�. The nonbreast region
below the retromammary fat was not included in the density
analysis. The lowest horizontal plane in the C view that does
not contain a muscle layer was selected manually to isolate
muscle tissue. Isolation of the nonbreast region is demon-
strated in Fig. 3. An improperly selected cutting line could
result in the exclusion of breast tissue and the inclusion of
muscle, which could affect density analysis. In ABUS im-

FIG. 1. The ABUS image in A view. �a� Skin, �b� nipple, �c� subcutaneous
fat, �d� glandular tissues, �e� retromammary fat, �f� pectoral major muscle
and pectoral minor muscle, and �g� rib.
FIG. 2. Cutting the overlapping region at the nipple manually.
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ages, high concentrations of speckle noise25 can affect the
result of a FCM classifier during density analysis. The aniso-
tropic filter25 was used to reduce this noise.

Skin and anechoic regions are removed individually by
deleting the outmost 15 pixels �0.114 mm for a pixel; in total,
1.71 mm�. In the anechoic regions, the probe does not have
contact with the skin and no ultrasound signals exist. Mean
values to remove anechoic regions of each vertical line were
calculated from the outside to the inside in an A view slice.
When the mean value was less than the anechoic threshold,
TABUS-ac was 20 in this experiment, the chosen vertical line
was regarded as part of the anechoic region and the next
inside vertical line marked the beginning of the breast re-
gion. Otherwise, the original vertical line and the remaining
inside region were regarded as breast regions.

After isolation of the breast region, ABUS percent density
was calculated with the following equation:

percent densityABUS =
fibroglandular volumeABUS

total breast volumeABUS
, �1�

where the fibroglandular volumeABUS is the volume of fibro-
glandular tissue and the total breast volumeABUS includes the
volumes of fibroglandular tissue and fat.

II.D. Magnetic resonance imaging

MRI was performed with the GE Signa HDx 1.5 T �GE
Medical Systems, Milwaukee, WI�. The precontrast sagittal
T1-weighted images with fat saturation were acquired using
a 3-D VIBRANT �volume imaging for breast assessment�
pulse sequence with TR=6.1 ms, TE=2.5 ms, image size
=512�512, FOV=19 cm, and slice thickness=1.5 mm.
The number of sagittal slices required to cover the entire

FIG. 3. Manually cutting the nonbreast region below the retromammary fat.
�a� A view. �b� C view. �c� B view. In this case, the cutting line Cline is
adopted to cut the nonbreast region below the retromammary fat.
breast were between 144 and 192. Some sagittal slices are
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shown in Fig. 4. The 3-D transverse MR images recon-
structed from the acquired sagittal slices were used for the
analysis of breast density.

The separation of the breast and chest was done by using
the nipple and pectoralis muscle as reference. After deter-
mining the nipple position of the segmented breast in the
transverse view, shown in Fig. 5�a�, the coronal slices were
scanned from the nipple to the chest until the two breasts
were unified, shown in Fig. 5�b�. The arrow indicates the
minimum connecting region of the two breasts separating
them. The lateral boundary of the breast was determined in
the coronal slice and propagated to all other slices. The
bounding box in Fig. 5�c� indicates the segmented region of
the breast in the transverse view. The transverse bounding
box in view was determined included the breast nipple and
excluded the pectoralis muscle �Fig. 5�c��. After separating
the breast and chest, the skin line was segmented from the
breast region. A lot of background noise and some blurred
skin pixels made it difficult to extract the skin line using the
simple thresholding technique. Hence, the detection method
for skin pixels was proposed and used to check the pixels
from left to right in the sagittal plane. In order to separate the
breast and background regions, each pixel was checked
whether it is due to breast tissue or the background noise
from left to right in the sagittal plane. If the mean value was
less than threshold, 100 in this experiment, the pixel was
assumed to be due to background noise and the pixel check-
ing continued from the current pixel to the right. Otherwise,
the pixel checking finished and the right region of the pixel

FIG. 4. A MRI image of the case in Fig. 1. �a� The sagittal slices 26, 33, and
36 of 3-D MRI image of right breast. �b� The sagittal slices 116, 122, and
130 of 3-D MRI image of left breast.
was considered breast tissue. In the FCM density analysis,
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the skin region might be considered as fibroglandular. There-
fore, the skin needed to be removed and five pixels �1.95
mm� from the outer boundary of the breast region in each
row were removed.

Upon complete segmentation of breast tissue, the FCM
classifier was used for classifying the breast into fibroglan-
dular and fatty tissue. The MRI percent breast density was
then calculated. The MRI density was defined as

percent densityMRI =
fibroglandular volumeMRI

total breast volumeMRI
, �2�

where the fibroglandular volumeMRI is the volume of the fi-
broglandular tissue and the total breast volumeMRI includes
the volumes of the fibroglandular tissue and the fatty tissue.

II.E. Fuzzy C-mean classifier

After breast segmentation, the FCM classifier18,21 was
used to differentiate breast fibroglandular from fatty tissue
and to calculate breast density. Breast anatomy within ABUS

FIG. 5. The bounding box in three views for the MRI breast region. �a� The
nipple is indicated by the arrow in the transverse view. �b� The lateral
boundary of the breast is determined by the bounding box in the coronal
view. The arrow indicates the minimum connected region of the two breasts
which could separate the two breasts. �c� The segmented breast is deter-
mined by the bounding box and the pectoralis muscle is indicated by the
arrow in the transverse view. �d� The segmented breast is determined by the
bounding box in the sagittal view.
could be categorized into three structures: Hyperechoic, me-
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dian echogenic, and hypoechoic.26 Hyperechoic structures
appear bright and include the skin, ribs, fasica, and fibro-
glandular tissue. Hypoechoic structures appear dark gray and
include the mammary ducts and blood vessels. Medium
echogenic structures appear median gray and include the
fatty tissue, fibroglandular tissue, and muscle. The separation
of the breast into three or four clusters, chosen by the opera-
tor, were assumed for ABUS and 3-D MRI images by the
FCM classifier as shown in Fig. 6. With ABUS images for
dense breasts, the variation of the gray intensity due to the
speckle noise is large. Interoperator variation was evaluated
within the experiment as a control. After determining the
dense region and the breast region, the breast volume and the
percent density could be calculated. For comparing the rela-
tionship between the ABUS images and the MRI images, the
linear regression analysis was adopted. The linear regression
analysis was performed by using SPSS for Windows �SPSS,
Chicago, IL�.

II.F. Comparison of breast densities measured from
ABUS and MRI

We compared breast densities derived from ABUS images
and MRI images as shown in Fig. 7. The correlation of the
two modalities was represented by the fitted regression line

FIG. 6. �a� The original image and the result of FCM classifier on ABUS for
a BIRADS mammographic density grade 2 case. �b� The original image and
the result of FCM classifier on ABUS for a BIRADS mammographic density
grade 3 case. The breast density is 30.28%. �c� The original image and the
result of FCM classifier on MRI for the case in �a�. The breast density on
MRI is 18.66%. �d� The result of FCM classifier in 3-D breast MRI image
for the case in �b�. The breast density of 3-D breast MRI image is 35.68%.
defined as
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YModality = Slope � XModality + Const, �3�

where XModality is the density value of the X axis and YModality

is the density value of the Y axis. Slope and Const represent
the regression line. The density correlation factor of two mo-
dalities is represented by R. The p value ��0.001�, marker of
significance level, was significant in our results.

FIG. 7. The line regression of density of 3-D breast MRI and ABUS images
and the correlation factor R=0.917.

TABLE I. The intraoperator and interoperator variation analysis on ABUS and
three were selected by operator 1 three times. The fourth and fifth values w

Case No. Cluster Number

ABUS breast volume m
�cm3�

Intraoperator

1 3,3,3,3,3 381.48�2.29 �0.60%� 372
2 3,3,3,3,3 500.48�24.65 �4.93%� 535
3 3,3,3,3,3 405.64�18.85 �4.65%� 425
4 3,3,3,3,3 437.09�8.86 �2.03%� 415
5 4,4,4,4,4 318.26�21.05 �6.61%� 328.
6 4,4,4,4,3 352.53�13.61 �3.86%� 361
7 3,3,3,3,3 378.74�15.81 �4.18%� 383.
8 3,3,3,3,3 383.49�26.23 �6.84%� 362

CV 4.21%

Case No. Cluster Number

MRI breast volume m
�cm3�

Intraoperator
1 4,4,4,4,4 661.68�5.28 �0.80%� 635
2 4,4,4,4,4 675.68�6.21 �0.92%� 709
3 4,4,4,4,4 619.02�1.33 �0.21%� 636
4 4,4,4,4,4 624.43�7.14 �1.14%� 629
5 3,3,3,4,3 538.94�3.61 �0.67%� 535
6 3,3,3,3,3 491.08�10.27 �2.09%� 494
7 4,4,4,4,4 756.68�11.01 �1.45%� 797
8 4,4,4,4,4 711.16�10.13 �1.42%� 714

CV 1.09%
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II.G. Intraoperator and interoperator variation
analyses

With 8 breasts randomly chosen from the 67, variations in
both intraoperator and interoperator measurements, used
when determining breast volume and density from the two
imaging modalities, were analyzed. An operator analyzed
these eight breasts three times. These three results’ coeffi-
cients of variation �CVs� were compared to evaluate the con-
sistency of one operator or intraoperator. Two additional op-
erators also evaluated the same eight breasts. CVs of the
measured breast volume and breast density were calculated
from different operators and were compared to verify pos-
sible interoperator variation.

III. RESULTS

III.A. Intraoperator and interoperator variation
analysis results

The calculated mean and standard variation of the breast
volume density are listed in Table I. In the intraoperator
analysis, the CV of volume and density was 4.21% �0.6%–
6.84%� and 3.71% �0.81%–7.74%� for ABUS and 1.09%
�0.21%–2.09%� and 0.80% �0.21%–2.61%� for MRI, respec-
tively. Interoperator analysis yielded a CV of breast volume
and density of 6.35% �0.42%–13.99%� and 6.34% �1.25%–
9.94%� for ABUS images and 4.73% �1.25%–8.45%� and
3.05% �0.25%–12.35%� for MRI images, respectively. For
case 6 of Table I, the ABUS cluster numbers of FCM se-

I images. The cluster number of FCM was selected by the operator. The first
e cluster numbers of FCM selected by operators 2 and 3.

SD ABUS breast density mean�SD
�%�

roperator Intraoperator Interoperator

5.87 �1.57%� 7.17�0.35 �4.90%� 7.78�0.66 �8.53%�
38.97 �7.28%� 7.19�0.32 �4.51%� 7.83�0.77 �9.82%�
1.79 �0.42%� 12.82�0.48 �3.72%� 13.03�0.70 �5.40%�
28.93 �6.96%� 16.47�1.27 �7.74%� 15.63�1.12 �7.18%�
37.94 �11.54%� 30.50�1.12 �3.66%� 29.54�1.51 �5.12%�
20.87 �5.78%� 28.65�0.46 �1.62%� 28.14�2.80 �9.94%�
53.62 �13.99%� 10.55�0.09 �0.81%� 10.69�0.37 �3.45%�
11.65 �3.21%� 12.41�0.33 �2.69%� 11.96�0.15 �1.25%�

6.35% 3.71% 6.34%

SD MRI breast density mean�SD
�%�

roperator Intraoperator Interoperator
34.56 �5.44%� 10.30�0.09 �0.86%� 10.51�0.27 �2.54%�
58.02 �8.18%� 13.05�0.34 �2.61%� 12.67�0.71 �5.59%�
40.79 �6.40%� 19.15�0.06 �0.30%� 19.20�0.07 �0.35%�
9.90 �1.57%� 19.48�0.18 �0.92%� 19.44�0.11 �0.58%�

20.42 �3.81%� 37.34�0.12 �0.31%� 34.81�4.30 �12.35%�
13.54 �2.74%� 41.16�0.09 �0.21%� 41.14�0.10 �0.25%�
67.40 �8.45%� 20.04�0.11 �0.56%� 20.27�0.46 �2.27%�
8.95 �1.25%� 20.82�0.14 �0.65%� 20.80�0.10 �0.47%�

4.73% 0.80% 3.05%
MR
ere th

ean�

Inte

.81�

.13�

.76�

.48�

64�

.04�

33�

.54�

ean�

Inte
.21�

.41�

.97�

.37�

.58�

.04�

.55�

.11�



387 Moon et al.: Automated whole breast ultrasound density analysis 387
lected by operators were not the same resulting in variation
�CV for percent density was 9.94%�. The analyzed percent
density was 28.92%, 30.46% and 25.03% by the three opera-
tors. For case 5 of Table I, the MRI cluster numbers of FCM
selected by operators were also not the same, resulting in
variation �CV=12.35%� in density calculations �29.41%,
31.11%, and 28.10%�. These variations suggest that the per-
cent density was affected by the cluster number selection.

III.B. Breast volume and percent breast density
analysis from images of two modalities

Mean percent density and breast volume were, when us-
ing ABUS, 17.63�11.87% and 418.30�132.97 cm3 and,
when using MRI, 23.79�16.62% and 544.90�207.41 cm3,
respectively. The differences were not statistically significant
�p�0.5�. In the breast density analysis, the correlation factor
R was 0.917 and the slope of regression �Slope� was 0.675.
The results showed that the breast density calculated from
MRI image was larger than that of ABUS image.

The breast volumes derived from ABUS and MRI, both
produced 3-D images, were compared in Fig. 8. The overall
correlation factor R was 0.884 and the slope of the regression
line was 0.568. The level of significance of slope p was less
than 0.001. The results showed that the breast volume calcu-
lated from MRI image was larger than that of ABUS image.

III.C. The density and breast volume differences
between left and right breasts

Differences in density and breast volume between the left
and right breasts were analyzed for 27 patients in this experi-
ment. The mean and standard deviation of volume differ-
ences between the breasts of a patient were
52.39�36.05 cm3 on ABUS and 73.71�55.91 cm3 on
MRI. The mean and standard deviation of density difference

FIG. 8. The line regression of volume of 3-D breast MRI and ABUS images
and the correlation factor R=0.884.
between the left and right breasts of a patient were
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1.96�2.43% on ABUS and 2.13�2.03% on MRI. Results
demonstrate slight variation between the left and right
breasts of a subject.

IV. DISCUSSION

With the increased use of ABUS for screening women
with average to increased risk of breast cancer, the develop-
ment of the algorithm to measure the breast density using
multiple images will be important in investigating the rela-
tionship between breast density and breast cancer. Analysis
of breast density based on ABUS is a new research area and,
to the best of our knowledge, a comparison of the density
analyzed from ABUS and MRI has not been performed. In
this study, measurements of breast density and volume from
3-D ABUS and MRI images were found to be well corre-
lated.

Using the similar anatomic landmark for the segmentation
of the breast region, the measurement reproducibility analy-
ses have shown that interoperator CVs on the two modalities
were slightly larger than the intraoperator CVs. These results
suggest that the proposed breast density analysis is reproduc-
ible. The average standard deviations of the breast volume
and breast density on ABUS were, however, slightly larger
than that on MRI. The reason for this discrepancy could be
due to the fact that the boundary of the breast on MRI is
obvious and could be defined more clearly than on ABUS.

From our experimental results, the quantitative values of
percent density and breast volume measured by MRI were
higher than those measured by ABUS. The reasons why the
discrepancy of measured breast volume and breast density
occurred between MRI and ABUS might include: �1� The
patients were in the supine position during the ABUS scan-
ning but were in the prone position for MRI, resulting in
difference of the scanned breast regions; �2� two passes are
used to scan the breast in ABUS and some regions might be
overlapped or even missed; and �3� the percent density val-
ues measured from the two modalities are, in general, differ-
ent due to the dense tissue, which might have different grey
intensities. In our study, no ABUS cases with percent density
in 16%–27% range were noted. It might be because that in
this range there were only two corresponding MRI cases.

Bilateral breasts from the same subject may not be totally
symmetrical. The intramodality left/right breast density mea-
surement correlation in this study showed slight difference
for the two imaging modalities. Meanwhile, in a study com-
paring MRI and mammography,13 it was found that the in-
tramodality left/right side correlation coefficients were 0.95
for MRI density and 0.84 for mammographic percent density,
which were not significantly different. The mean absolute
difference between sides was larger for the mammography
�7.9%, 95%; CI=6.5–9.2� than for the MRI method �3.6%,
95%; CI=3.1–4.1, p�0.001�.

Two passes were used to scan the whole breast in ABUS
resulting in a need to stitch the images of the two passes and
remove the overlapping region before the breast analysis.
Because the breasts of the patient were scanned in the supine

position when the 3-D ABUS images were acquired, the
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shape of the breast was deformed and extruded. The nipple
was used as the landmark to cut the overlapping regions and
the resulting coronal view was rechecked by an operator but
error is still possible. Accurate segmentation of breast in
ABUS also had its problems. The landmark for separating
breast and nonbreast region in 3-D ABUS is not obvious.
Since the pectoralis muscle may not be consistently well-
recognized through all studied subjects, the use of the muscle
as the anatomic landmark for breast segmentation may not be
reliable. Either the fibroglandular tissue being omitted or the
pectoralis muscle being included in the breast volume might
happen. Due to inconsistent muscle curves unclearly defined
by ABUS, utilization of the lowest horizontal plane in the C
view to cut the nonbreast region manually was incapable of
accurately separating breast tissue. Moreover, the muscle
curves are not consistent in each slice, causing the need to
manually cut each slice. In this study, the horizontal plane
cutting line for all slices was used to maintain efficiency. In
the future, an efficient method for cutting along inconsistent
muscle curves for each slice should be found to improve the
accuracy of density measurements.

The anatomic landmark used for segmenting the breast in
3-D ABUS and MRI images could result in the exclusion of
some breast region. Among the few published MRI studies,
the anatomic landmarks for MR-based breast segmentation
methods were either not clearly specified12,14,16,17,21,27 or
used a simple boundary line drawn along the ventral surface
of the pectoralis major muscle.13,15,28 A recently published
paper by Nie et al.18 described using V-shaped landmarks of
each individual woman to determine the lateral posterior
boundary of the breast to separate the breast from body fat.
Nie’s method, however, requires images with a large field of
view that include the whole chest cavity containing the tho-
racic spinous process. The present development of such MR-
based breast density measurement techniques is still in its
infancy and it is not clear yet as to which landmark can
provide more consistent segmentation results of breast vol-
ume.

Possible errors could also be due to the FCM utilized in
segmenting fibroglandular tissue from breast region. Klifa
et al.27 compared the segmented results of intrauser and in-
teruser for manual, global threshold, and FCM. The results
showed that the FCM had less user variation than two other
methods. However, while FCM can automatically select
cluster means to separate the image into clusters, the deter-
mining of a suitable number of clusters, also important to
have a good analysis result, is flexible. Despite ABUS breast
anatomy’s possible categorization into three structures, three
clusters might not be suitable for all cases. This is why op-
erators were allowed to choose among three or four clusters.
In the study of Nie et al.,18 three or four clusters were used to
segment fibroglandular tissue in MRI. In the results of the
intraoperator and interoperator variations, however, different
clusters numbers could have caused the variations in calcu-
lated breast density. For the cases of Table I with different
number of clusters in ABUS and MRI images, the interop-

erator variations were larger than most of the other cases
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using the same number of clusters. Furthermore, the varia-
tion �12.35%� in MRI images was higher than that �9.94%�
in ABUS images.

V. CONCLUSION

In this study, we compared the measurement of breast
density on ABUS and MRI. In our experiments, breast vol-
ume and percent breast density measured by 3-D ABUS and
MRI images were well correlated. Our results indicate that
both ABUS and MRI densities could provide useful breast
density information to physician. Further improvement for
the segmentation of the breast region and the fibroglandular
tissue is needed to improve the density analysis with ABUS.
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