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Purpose: This study investigated the impact of arms/hands and body position on the measurement of
breast density using MRI.
Methods: Noncontrast-enhanced T1-weighted images were acquired from 32 healthy women. Each
subject received four MR scans using different experimental settings, including a high resolution
hands-up, a low resolution hands-up, a high resolution hands-down, and finally, another high resolution hands-up after repositioning. The breast segmentation was performed using a fully automatic
chest template-based method. The breast volume (BV), fibroglandular tissue volume (FV), and
percent density (PD) measured from the four MR scan settings were analyzed.
Results: A high correlation of BV, FV, and PD between any pair of the four MR scans was
noted (r > 0.98 for all). Using the generalized estimating equation method, a statistically significant
difference in mean BV among four settings was noted (left breast, score test p = 0.0056; right breast,
score test p = 0.0016), adjusted for age and body mass index. Despite differences in BV, there were
no statistically significant differences in the mean PDs among the four settings (p > 0.10 for left and
right breasts). Using Bland–Altman plots, the smallest mean difference/bias and standard deviations
for BV, FV, and PD were noted when comparing hands-up high vs low resolution when the breast
positions were exactly the same.
Conclusions: The authors’ study showed that BV, FV, and PD measurements from MRI of different
positions were highly correlated. BV may vary with positions but the measured PD did not differ significantly between positions. The study suggested that the percent density analyzed from MRI studies acquired using different arms/hands and body positions from multiple centers can be combined for analysis. C 2015 American Association of Physicists in Medicine. [http://dx.doi.org/10.1118/1.4917083]
Key words: body position, breast volume (BV), fibroglandular tissue volume (FV), percent breast
density (PD), MR
1. INTRODUCTION
Mammographic density is a proven risk factor for breast
cancer.1–5 Due to the inherent 2D nature of single projection
mammography, it is difficult to obtain reliable quantitative
2268
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measurement of density for risk assessment. Breast density
analysis methods using other imaging modalities are
being developed and tested.6–12 Consistent and accurate
quantification of breast density will provide very helpful
information in clinical practice that can be used to inform
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women of their breast densities during screening,13 to improve
risk assessment,14 and to evaluate longitudinal changes
following therapeutic interventions to serve as response
indicators.15,16
Although other imaging modalities, such as optical imaging,7 ultrasound,8–10 dual-energy mammography,11 and breast
CT,12 have also been used for assessing volumetric breast
density; MRI is the most studied alternative imaging modality.6,17–23 MRI provides detailed 3D distribution of fibroglandular tissue not subject to the tissue-overlapping problem
and thus is suitable for volumetric measurements. It has been
shown that quantitative 3D MR-based analysis of breast density has the potential to provide an imaging biomarker for assessing cancer risk22,24 or to predict therapeutic efficacy.15,16,25
In order to serve as a reliable imaging biomarker, factors
affecting the reproducibility in density measurement should be
considered. Our group has devoted a substantial research effort
to develop and refine a comprehensive 3D MR-based density
method.6,21,26 Potential sources of measurement variation that
may arise from operators,6 imaging sequences,27 scanners,28
and physiology29 have been investigated.
A previous study28 found that the variation of fibroglandular tissue volume (FV) and percent density (PD) measured
from four different MR scanners was approximately 5%,
suggesting that the parameters measured using different
scanners could be used for a combined analysis in a
multicenter study. For the correlation of PD between
each pair of MR scanners, however, the variation was
higher when the Siemens scanner was compared with other
scanners manufactured by different vendors. In that study, the
arms/hands position for imaging using the Siemens scanner
(hands-down, resting next to body) was different from the
imaging done using GE and Philips scanners (hands-up,
resting above the head); thus, it was postulated that the
difference of arms/hands positions, hence the difference of
breast positions, may partially account for the measurement
variation.28 Although in previous research6 we investigated
the impact of breast/body positioning on the measured density,
only two subjects were studied.
In the present research, we have performed a systematic
study by enrolling 32 healthy subjects to receive repetitive
MR scans. The purpose was to investigate the impact of
different arm and body positions on the measured breast
density. We also added one more imaging sequence using a
lower spatial resolution to investigate the impact of imaging
spatial resolution on the segmented density.
2. MATERIALS AND METHODS
2.A. Subjects

Thirty-two healthy Asian women (age 22–53, mean 41)
were recruited for this study. The mean body height of
these subjects was 159.4 cm (range 140–175 cm). The mean
body weight was 56.6 kilograms (range 42–87 kilograms).
Body mass index (BMI) ranged from 17.4 to 34.9 with
mean ± standard deviation (STD) of 22.2 ± 3.5. None of the
subjects had a history of any breast disease or breast surgery.
Medical Physics, Vol. 42, No. 5, May 2015
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At the time of MRI studies, none of the women reported use
of hormonal medication or contraceptives. This study was
approved by the institutional review board and was HIPAA
compliant. Each subject gave written informed consent.
2.B. MR studies

MRI was acquired using a 1.5 T Siemens scanner
(Somatom, Erlangen, Germany). The breast MR scans
were performed bilaterally in axial sections. A four-channel
breast coil was used. For each subject, only the 2D
fast spin echo (FSE) nonfat-suppressed (or nonfat-sat) T1weighted images were acquired and analyzed. The imaging parameters were TR/TE = 650/9.8 ms, parallel imaging
with GRAPPA factor = 2, slice thickness = 2 mm, slicegap = 0,
phase encoding R–L, bandwidth per pixel = 181 Hz, FOV
= 330 mm, and number of signal average = 1. Each subject
received four imaging sessions (four experimental settings),
starting from a high spatial resolution (512 × 512) hands-up
(i.e., both hands were held up above the head level) scan. After
the first acquisition was completed, the subject was asked to
remain still, and a low spatial resolution (256 × 256) scan was
done using exactly the same hands-up position. Then, the
subject was asked to move her hands down and to rest them
along her waist areas. Another high resolution (512 × 512)
MRI scan was acquired. Finally, the subject was asked to get
off the examination bed and then to get on the bed again.
The subject was then repositioned for another high resolution
hands-up MRI scan. The total imaging acquisition time for
these four scans was about 30 min. The acquired four sets
of noncontrast-enhanced T1-weighted MR images were used
for the analysis of breast density.
2.C. Breast segmentation

Currently, most of the reported 3D MR-based methods
have been semiautomated, making operation of the methods
time consuming and subject to the operator’s judgment. In this
study, the segmentation was performed using a fully automatic
chest template-based method.26 This automatic breast MRI
segmentation method has been shown to work very well
and to generate accurate segmentation of the breast and
fibroglandular tissue compared to the radiologist-established
truth with only 1% error.26 Unlike most model-based breast
segmentation methods that use the breast region as the
template,30–32 the chest body region on a middle slice was
used as the template in this study. Within the chest template,
three body landmarks (thoracic spine and bilateral boundary
of the pectoral muscle) were identified for performing the
initial V -shape cut to determine the posterior lateral boundary
of the breast. The chest template was mapped to each subject’s
image space to obtain a subject-specific chest model. After
removing the chest region, the chest wall muscle was identified
and excluded to obtain a clean breast segmentation. The chest
muscle boundary determined on the middle slice was then
used as the reference for the segmentation of adjacent slices,
and the process continued superiorly and inferiorly until all
3D slices were segmented.
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After the breast region was completely segmented for all
slices, the k-means clustering method was used to segment the
fibroglandular tissue.21 In short, a bias field correction method
combining the nonparametric nonuniformity normalization
(N3)33 algorithm and fuzzy-C-means (FCM)6 was applied to
correct for the signal intensity inhomogeneity, and k-means
clustering (k = 6) was used to separate the fibroglandular
tissue (the lower three clusters) and the fatty tissue (the higher
three clusters). The iterative N3+FCM correction method has
proven to be superior compared to using N3 or FCM alone.21
For segmentation of fibroglandular tissue, we have been using
k = 6 to standardize the procedure for several years. The value
of k was chosen based on our past experience analyzing many
cases.6,15,16,21,23,25–29 For extremely fatty breasts, the number
of clusters may need to be adjusted. However, for Asian
women with relatively dense breasts, k = 6 (three for dense
and three for fatty tissues) has worked very well.
After applying the automatic procedures, to ensure
the accuracy of the fibroglandular tissue segmentation,
the operator (Y. T. Tang) then checked the color-coded
segmentation images slice by slice using the original T1weighted images as the reference. In the case of inaccurate
segmentation, which happened most often in the beginning
and ending slices (upper and lower) of the breast, the operator
made manual corrections using methods reported previously.26
After the segmentation procedures were completed, the breast
volume (BV), the FV, and the PD, defined as the ratio of
FV/BV, were calculated.
2.D. Statistics

For each participant, age and BMI were recorded. Outcome
measures included BV, FV, and PD as determined by MRI,
for each breast and with the participant in each of the four
different experimental settings. Descriptive statistics were
obtained for continuous measures and categorical variables.
Pearson’s correlation coefficient was used to assess the
pairwise correlation of density measurements between the
initial setting (high resolution hands-up position) and each of
the other three experimental settings. A good correlation was
defined as a correlation coefficient (r) with r > 0.7. A weak
correlation was defined as 0.2 < r < 0.4. For each subject and
each outcome measure, the coefficient of variation (CV) was
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calculated as the standard deviation divided by the mean value
measured in four MR experimental settings, expressed as a
percent, and was used to evaluate the measurement variation.
Further, a Bland–Altman plot (difference plot)34 was used
to analyze the agreement between two different MR studies
using the initial setting (high resolution hands-up) as the
reference. For example, for each subject and each breast,
the breast volume and fibroglandular tissue volume were
measured using the initial setting of high spatial resolution
hands-up and again using the low resolution hands-up MR, and
the percent density was calculated. The differences between
BV, FV, and PD measurements at the two settings were
computed and represent the variables that were analyzed. The
coefficient of repeatability (CR) was calculated as two times
the standard deviation of the differences. For each comparison,
the 95% limits of agreement were computed as the average
difference ±2 standard deviation of the difference.34,35
To take into account the correlation among density
results measured in four different experimental settings,
the generalized estimating equation (GEE) method was
applied with subjects as clusters, an exchangeable correlation
structure, and a normal model with an identity link function.
With this procedure, the mean response and the withinsubject association among the repeated responses from the
same individual are modeled separately.36 GEE models were
fit to data for the left and right breasts and the estimated
mean difference in BV, FV, and PD was compared among
the four experimental settings, adjusted for age and BMI.
The Bonferroni–Holm multiple comparisons procedure was
applied to maintaining an experiment-wise significance level
of 0.05. Analyses were performed in SAS 9.2 (SAS Institute,
Cary, NC).

3. RESULTS
3.A. Correlation of measurements from four
MR settings

A total of 64 breasts were included in the analysis. We
computed the coefficient of determination (R2) and correlation
coefficient between measurements of BV, FV, and PD made
at different settings. A high correlation was noted among all
of the correlative studies. Figure 1 shows the R2 values of the

F. 1. Correlation of PD in four MR experimental settings. (a) The low spatial resolution hands-up vs the initial setting of high spatial resolution hands-up;
(b) high resolution hands-down vs the initial high resolution hands-up; (c) another high resolution hands-up after repositioning vs the initial high resolution
hands-up. Note all R2 > 0.97.
Medical Physics, Vol. 42, No. 5, May 2015
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measured PD to investigate the impact of spatial resolution
(high resolution hands-up vs low resolution hands-up), hands
position (high resolution hands-up vs high resolution handsdown), and repositioning (high resolution hands-up vs another
high resolution hands-up). The values for R2 are >0.97
for each pair of positions and corresponding correlation
coefficients are >0.98 (with p-values approaching 0). Figure 2
shows images acquired in four different experimental settings
and the segmentation results from a subject with a high
density. The measured FV is 95.48 (high resolution handsup), 98.78 (low resolution hands-up), 98.76 (high resolution
hands-down), and 96.74 cm3 (another high resolution handsup). The values for PD are 19.03%, 20.45%, 19.07%, and
20.45%, respectively. The absolute differences are very small.
The CV from four measurements is 1.7% for FV and 4.1%
for PD. Figure 3 shows images from a subject with a low
density. The measured FV is 20.88 (high resolution handsup), 18.06 (low resolution hands-up), 28.39 (high resolution
hands-down), and 23.95 cm3 (another high resolution handsup). The values for PD are 2.84%, 2.34%, 3.39%, and 2.95%,
respectively. Although the absolute differences are small, the
CV from the four measurements is much larger compared to
the case shown in Fig. 2, 19.4% for FV and 15.0% for PD.

F. 3. A 34 y/o healthy woman with BMI of 31.1. From top down: (a)
the initial high resolution hands-up, (b) low-resolution hands-up, (c) high
resolution hands-down, and (d) another high resolution hands-up after repositioning. Similar to Fig. 2, the images acquired using the hands-down position
appear different, and the other three with hands-up are similar.

3.B. Measurement variation among the four
MR settings

F. 2. A 44 y/o healthy woman with BMI of 23.1. From top down: (a)
the initial high resolution hands-up, (b) low-resolution hands-up, (c) high
resolution hands-down, and (d) another high resolution hands-up after repositioning. The images acquired using the hands-down position appear different,
and the other three with hands-up are similar.
Medical Physics, Vol. 42, No. 5, May 2015

The impact of age and BMI was evaluated using the GEE
method, and it was found that changes in BMI were associated
with BV, FV, and PD measurements among the four MR
studies (all p < 0.036), whereas age did not have a significant
influence on these measures (all p > 0.066). Women with
lower BMI tended to have more consistent measures of FV
and PD among the four MR experimental settings. There
was a statistically significant difference in mean values of
BV among four settings in the left breast and the right
breast, respectively (left breast, score test p-value = 0.0056;
right breast, score test p-value = 0.0016), adjusted for age and
BMI. The difference in mean values of FV among four settings
was much smaller. FV means differed significantly between
settings for the right breast (score test p-value = 0.037) but
not for the left breast (score test p-value = 0.093), adjusted
for age and BMI. Despite the contrasting results for BV and
FV, mean values for the ratio of FV to BV (PD) did not differ
significantly among the four settings (score test p-value > 0.10
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T I. Breast volume, fibroglandular tissue volume, and percent density (predicted mean ± standard deviation) analyzed from MR images acquired in four
experimental settings with different body/arm position and spatial resolution (N = 32), adjusted for age and BMI.
Breast volume (cm3)
Setting
High resolution hands-up
Low resolution hands-up
High resolution hands-down
Another high resolution hands-up

Fibroglandular tissue volume (cm3)

Percent density (%)

Left

Right

Left

Right

Left

Right

418.4 ± 30.2
419.1 ± 29.6
459.6 ± 28.5
425.5 ± 28.0

419.3 ± 30.8
416.6 ± 30.4
465.4 ± 29.8
426.0 ± 28.7

72.9 ± 10.1
73.2 ± 10.2
76.8 ± 10.1
74.7 ± 10.4

71.6 ± 9.2
71.8 ± 9.3
74.6 ± 9.1
71.3 ± 8.8

20.7 ± 2.0
20.5 ± 2.0
19.4 ± 1.8
20.6 ± 2.1

20.1 ± 1.8
20.2 ± 1.9
18.9 ± 1.6
19.9 ± 1.8

for left and right breasts). Table I displays the predicted
means and standard deviations of volume and density for
the left and the right breasts of 32 women measured in the
four different MR experimental settings, adjusted for age and
BMI.
3.C. Measurement results compared to the initial high
resolution hands-up setting

Table II shows the mean difference and limits of agreements
of BV, FV, and PD comparing different MR experimental
settings and using the initial setting of high spatial resolution
hands-up as the reference. The mean difference (or bias)
between the high and low resolution hands-up MR studies
was close to zero for BV, FV, and PD. In contrast, the
hands-down MR study showed a mean difference for BV,

FV, and PD that was the farthest away from zero among the
three comparisons. It was also noted that the 95% limits of
agreement for different comparisons tended to become larger
as the mean difference increased. In particular, among the
three comparisons, the hands-down MR study had the worst
limits of agreement for BV, FV, and PD.
Figure 4 shows the Bland–Altman plots of BV measured
in the other three settings compared with the BV measured in
the initial high resolution hands-up study. As noted, the BV
measured in the high resolution hands-down MR study tended
to be larger compared to that measured in the high resolution
hands-up MR study; thus, the differences in most cases showed
negative values. Figure 5 shows the Bland–Altman plots of PD
comparing the other three settings to the initial high resolution
hands-up study as the reference. Figure 5(a) evaluates the
resolution effect, and it shows that the data points on the

T II. Descriptive statistics on limit of agreements comparing volume and density measured in different
experimental settings.
Difference in measured volume and percent densitya
Combined left and right breasts (N = 64)
Comparison

Mean

Standard deviation

Mean + 2STD

Mean − 2STD

Breast volume (cm3)
High resolution hands-up vs low
resolution hands-up
High resolution hands-up vs high
resolution hands-down
High resolution hands-up vs another
high resolution hands-up

0.98

19.80

40.58

−38.61

−43.74

52.70

61.66

−149.14

−6.77

24.95

43.13

−56.67

Fibroglandular tissue volume (cm3)
High resolution hands-up vs low
resolution hands-up
High resolution hands-up vs high
resolution hands-down
High resolution hands-up vs another
high resolution hands-up

−0.26

5.83

11.41

−11.93

−3.29

7.15

11.01

−17.59

−0.59

7.24

13.89

−15.08

Percent density (%)
High resolution hands-up vs low
resolution hands-up
High resolution hands-up vs high
resolution hands-down
High resolution hands-up vs another
high resolution hands-up
a

0.04

1.78

3.61

−3.52

1.29

2.75

6.78

−4.21

0.22

2.12

4.45

−4.02

The difference is calculated as (the value measured in the initial high resolution hands-up setting) – (values measured in
the other three settings).

Medical Physics, Vol. 42, No. 5, May 2015
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4. DISCUSSION

F. 4. Bland–Altman plots of BV between the initial high resolution handsup and the other three MR settings. The percent difference on the vertical
axis is calculated as the (BV measured at the initial setting − BV measured at
another setting)/(BV measured at the initial setting) × 100%.

Bland–Altman plot scattered evenly above and below zero
with a mean difference of 0.04% and a standard deviation of
1.78%, suggesting that there was no consistent bias between
high resolution and low resolution settings. Seven outliers
falling out of two standard deviation lines (above and below
the 95% limits of agreement) were noted. The mean BMI of
these seven subjects (range 18.4–23.5, mean 20.5) was very
close to the mean BMI of the whole cohort (range 17.4–34.9,
mean 22.2). The mean age of these seven patients was similar
to the entire cohort (40 vs 41 yr old). Thus, the outliers
appeared to be random and not predictable. For comparison
of hands-down to hands-up shown in Fig. 5(b), the range
of differences is larger than that shown in Fig. 5(a), with a
standard deviation of 2.75%. The mean difference of 1.29% is
positive indicating a bias toward higher PD measured with the
hands-up position than with the hands-down position. For the
reposition effect shown in Fig. 5(c), the mean difference is also
very close to zero (0.22%), but with a relatively high standard
deviation of 2.12%. This is expected as some subjects may
have been in a very different body position after getting off
of the scan bed. It is not easy to reposition subjects to match
that of the previous position.

This study investigated the impact of positional difference
on the measurement of 3D MR-based breast density. During
breast MR studies, the shape of breast inside the coil may
differ due to arms/hands and body positions of the subject.
Although many MR-based breast density studies have been
published,17–22 this problem has not been systematically
investigated and reported. In a previous study,6 two volunteers
were asked to “twist” their bodies to change the position
of breasts inside the coil. The results showed that the
measurement variation averaged over five different breast
positions was <5%. But that was not a real clinical scenario.
Due to the design of the breast coil, and for the comfort
of subjects, they may be asked to put their hands up above
their heads or down around their waists. This may have
affected the breasts’ position in the coil. Investigation of the
impact of positional difference on the measurement of breast
density is crucial when an accurate density measurement
is required. For example, in some therapeutic interventions,
such as chemotherapy15,25 and hormonal therapy,16 a change
of breast density following treatment compared to the
baseline study (prior to the treatment) may be small. In
these situations, knowledge of measurement variation due to
positional difference is important for assessing true therapyinduced changes.
In this study, we used a fully automatic algorithm26 to
segment the breast and fibroglandular tissue. The previously
developed semiautomatic methods6,21,27 required operator interventions, which were time consuming, and subject to variations due to the operators’ personal judgment. The fully
automatic method used in the present study was robust and
accurate. In a study of 30 tested subjects,26 the breast volumes
measured by the automatic algorithm were very close to
the radiologist-established truth, with a mean (±standard
deviation) percent difference of 0.86% ± 0.72%. The mean
percent difference of fibroglandular tissue segmentation was
1.03% ± 1.03%. For some cases analyzed in this study,
the segmentation quality might not have been perfect, and
operators would then have performed manual corrections. But
as reported,26 the corrections were very minor around 1%.
Since the manual correction was the only operator-dependent
procedure in the present study, the measurement variation

F. 5. Bland–Altman plots of PD between the initial high resolution hands-up and the other three MR settings. Note x axis represents PD acquired at the initial
high resolution hands-up MR scan, and y axis represents difference of PD calculated as [(PD measured at the initial setting) – (PD measured at another setting)].
The mean difference of percent density and 95% limits of agreement (mean difference ±2 standard deviation of the difference) are shown.
Medical Physics, Vol. 42, No. 5, May 2015
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from operator’s judgment was negligible. A highly accurate
and reliable segmentation method was very important in our
study as it allowed us to measure density precisely and to
detect small changes resulting from positional differences.
Without the availability of this fully automatic segmentation
algorithm to minimize measurement variation, we would not
able to investigate the impact of positional effect as done in
this work.
The results obtained in this study showed high correlations
(r > 0.98) for BV, FV, and PD in each pair of comparisons.
Further analysis using the GEE model noted that BV and FV
were significantly different (p < 0.05) or had a borderline
significant difference among the four MR experimental
settings. When the body/arm position was changed, the
segmented breast volume result might change presumably
due to the different coverage of breast tissues (mainly fat) in
the imaging slab. For FV, since all fibroglandular tissues were
already covered in the imaging slab, the coverage was not an
issue; therefore, the difference in the measured FV most likely
came from partial volume effects. Due to change of breast
positions, the composition of breast tissue on each MR slice
might differ and affect the segmentation results. The PD, ratio
of FV/BV, was not significantly different among the studies.
As PD is the most commonly used density parameter in most
studies, our results indicated that PD acquired using different
experimental settings in different centers might be combined
for analysis. The GEE model analysis also found that women
with lower BMI tended to have more consistent measures
of FV and PD among the four MR experimental settings. A
likely explanation was that women with lower BMI can have
the entire breast placed into the coil and covered within the
imaging slab regardless of positional changes.
The Bland–Altman plot was used to analyze the agreement
between two different MR studies. The smallest magnitude
of mean difference (bias) with the smallest standard deviation
for BV, FV, and PD was noted when comparing the initial
hands-up high vs low resolution studies, with exactly the same
breast positions. The finding was comparable to a previous
study showing that the spatial resolution of MR images did
not significantly change the results of segmented FV and
measured PD.27 In all comparisons, the difference between
hands-up and hands-down positions showed a mean difference
that was the farthest away from zero and had the greatest 95%
limit of agreement. It is possible that when the subject was
in the hands-down position, more breast tissues (particularly
the axillary fat pad) were covered in the imaging slab, which
resulted in increased BV and decreased PD. Figure 4 clearly
shows higher BV acquired at hands-down position compared
to the initial hands-up position. However, when the outliers
falling out of the two standard deviation lines were analyzed,
there were no predictable features. As breast tissues are very
soft, the way that the breasts are placed into the MR coil
and the way that the subject moves arms/hands are the main
reasons that lead to different results. This is unlikely to be
predictable, so the best way to avoid the problem is to use a
standardized way of positioning for a breast MR scan.
There were several limitations in this study. The subjects
were Asian women with relatively small breasts and most
Medical Physics, Vol. 42, No. 5, May 2015
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of them were premenopausal. They had a narrow range of
BV and BMI, not reflecting the real clinical scenario of
women receiving breast MR studies. It is known that women
of different ethnicities have different breasts, fibroglandular
tissue volume, and percent density.23 Thus, whether results
found in Asian women in the present study can be generalized
to other populations for women with different body figures and
breast sizes needs to be further investigated. Fat-suppression
sequences, which are commonly used in clinical studies
for diagnosis of breast cancer, were not used in this study.
Although we expected similar findings using fat-suppression
sequences compared to nonfat-suppression, this should be
investigated in the future.

5. CONCLUSIONS
We evaluated the measurements of BV, FV, and PD from
MRI acquired using different arms/hands/body positions.
Although in general, the results showed a high correlation
between positions, different variations were seen in different
experimental settings. BV and FV were significantly different
among the four MR studies, but PD did not show a significant
difference. The results from our study suggested the arms
position, up or down, might lead to a substantial difference in
the measured BV and FV, and in a multicenter study, the arm
position should be standardized. The repositioning of subjects
after each person left the scan bed and then got back onto the
bed might have led to measurement variations as well, and
a standardized positioning protocol with care may minimize
the difference. The difference in the acquired imaging spatial
resolution without changing the body positions had the
smallest difference and variation. Understanding the factors
that may lead to variations in quantitative breast density, data
collected using different experimental settings from different
institutions are critical for developing standardized protocols
to facilitate combined data analysis in multicenter studies.

ACKNOWLEDGMENTS
This study was supported in part by NIH/NCI Grant
Nos. R01 CA127927, R21 CA170955, and R03 CA136071
and California BCRP #16GB-0056. Research reported in
this publication also was supported by the National Cancer
Institute of the National Institutes of Health under Award No.
P30 CA062203. The content is solely the responsibility of the
authors and does not necessarily represent the official views
of the National Institutes of Health.
a)Author

to whom correspondence should be addressed. Electronic mail:
jeonhc@uci.edu; Telephone: (949) 824-9327; Fax: (949) 824-3481.
1N. F. Boyd, H. Guo, L. J. Martin, L. Sun, J. Stone, E. Fishell, R. A. Jong, G.
Hislop, A. Chiarelli, S. Minkin, and M. J. Yaffe, “Mammographic density
and the risk and detection of breast cancer,” N. Engl. J. Med. 356, 227–236
(2007).
2C. M. Vachon, K. R. Brandt, K. Ghosh, C. G. Scott, S. D. Maloney, M. J.
Carston, V. S. Pankratz, and T. A. Sellers, “Mammographic breast density
as a general marker of breast cancer risk,” Cancer Epidemiol., Biomarkers
Prev. 16, 43–49 (2007).

2275

Chen et al.: Impact of positional difference on MR breast density

3L.

Titus-Ernstoff, A. N. Tosteson, C. Kasales, J. Weiss, M. Goodrich, E. E.
Hatch, and P. A. Carney, “Breast cancer risk factors in relation to breast
density (United States),” Cancer, Causes Control 17, 1281–1290 (2006).
4N. F. Boyd, G. S. Dite, J. Stone, A. Gunasekara, D. R. English, M. R.
McCredie, G. G. Giles, D. Tritchler, A. Chiarelli, M. J. Yaffe, and J. L.
Hopper, “Heritability of mammographic density, a risk factor for breast
cancer,” N. Engl. J. Med. 347, 886–894 (2002).
5E. Ziv, J. Shepherd, R. Smith-Bindman, and K. Kerlikowske, “Mammographic breast density and family history of breast cancer,” J. Natl. Cancer
Inst. 95, 556–558 (2003).
6K. Nie, J. H. Chen, S. Chan, M. K. Chau, H. J. Yu, S. Bahri, T. Tseng,
O. Nalcioglu, and M. Y. Su, “Development of a quantitative method for
analysis of breast density based on 3-Dimensional breast MRI,” Med. Phys.
35, 5253–5262 (2008).
7K. M. Blackmore, J. A. Knight, R. Jong, and L. Lilge, “Assessing breast
tissue density by transillumination breast spectroscopy (TIBS): An intermediate indicator of cancer risk,” Br. J. Radiol. 80, 545–556 (2007).
8C. K. Glide-Hurst, N. Duric, and P. Littrup, “Volumetric breast density
evaluation from ultrasound tomography images,” Med. Phys. 35, 3988–3997
(2008).
9J. H. Chen, C. S. Huang, K. C. Chien, E. Takada, W. K. Moon, J. H. Wu, N.
Cho, Y. F. Wang, and R. F. Chang, “Breast density analysis for whole breast
ultrasound images,” Med. Phys. 36, 4933–4943 (2009).
10N. Duric, N. Boyd, P. Littrup, M. Sak, L. Myc, C. Li, E. West, S. Minkin, L.
Martin, M. Yaffe, S. Schmidt, M. Faiz, J. Shen, O. Melnichouk, Q. Li, and
T. Albrecht, “Breast density measurements with ultrasound tomography: A
comparison with film and digital mammography,” Med. Phys. 40, 013501
(12pp.) (2013).
11A. D. Laidevant, S. Malkov, C. I. Flowers, K. Kerlikowske, and J. A. Shepherd, “Compositional breast imaging using a dual-energy mammography
protocol,” Med. Phys. 37, 164–174 (2010).
12S. Vedantham, L. Shi, A. Karellas, and A. M. O’Connell, “Dedicated breast
CT: Fibroglandular volume measurements in a diagnostic population,” Med.
Phys. 39, 7317–7328 (2012).
13K. H. Ng, C. H. Yip, and N. A. Taib, “Standardization of clinical breastdensity measurement,” Lancet Oncol. 13, 334–336 (2012).
14H. Darabi, K. Czene, W. Zhao, J. Liu, P. Hall, and K. Humphreys, “Breast
cancer risk prediction and individualized screening based on common genetic variation and breast density measurement,” Breast Cancer Res. 14, R25
(11pp.) (2012).
15J. H. Chen, K. Nie, S. Bahri, C. C. Hsu, F. T. Hsu, H. N. Shih, M. Lin, O.
Nalcioglu, and M. Y. Su, “Decrease of breast density in the contralateral
normal breast of patients receiving neoadjuvant chemotherapy: MRI evaluation,” Radiology 255, 44–52 (2010).
16J. H. Chen, Y. C. Chang, D. Chang, Y. T. Wang, K. Nie, R. F. Chang,
O. Nalcioglu, C. S. Huang, and M. Y. Su, “Reduction of breast density
following tamoxifen treatment evaluated by 3-D MRI: Preliminary study,”
Magn. Reson. Imaging 29, 91–98 (2011).
17C. Klifa, J. Carballido-Gamio, L. Wilmes, A. Laprie, J. Shepherd, J. Gibbs,
B. Fan, S. Noworolski, and N. Hylton, “Magnetic resonance imaging for
secondary assessment of breast density in a high-risk cohort,” Magn. Reson.
Imaging 28, 8–15 (2010).
18J. Eng-Wong, J. Orzano-Birgani, C. K. Chow, D. Venzon, J. Yao, C. E.
Galbo, J. A. Zujewski, and S. Prindiville, “Effect of raloxifene on mammographic density and breast magnetic resonance imaging in premenopausal
women at increased risk for breast cancer,” Cancer Epidemiol., Biomarkers
Prev. 17, 1696–1701 (2008).
19J. Wei, H. P. Chan, M. A. Helvie, M. A. Roubidoux, B. Sahiner, L. M.
Hadjiiski, C. Zhou, S. Paquerault, T. Chenevert, and M. M. Goodsitt, “Correlation between mammographic density and volumetric fibroglandular tissue
estimated on breast MR images,” Med. Phys. 31, 923–942 (2004).
20M. Khazen, R. Warren, C. Boggis, E. C. Bryant, S. Reed, I. Warsi, L.
J. Pointon, G. E. Kwan-Lim, D. Thompson, R. Eeles, D. Easton, D. G.
Evans, M. O. Leach, and Collaborators in the United Kingdom Medical Research Council Magnetic Resonance Imaging in Breast Screening

Medical Physics, Vol. 42, No. 5, May 2015

2275

(MARIBS) Study, “A pilot study of compositional analysis of the breast
and estimation of breast mammographic density using three-dimensional
T1-weighted magnetic resonance imaging,” Cancer Epidemiol., Biomarkers
Prev. 17, 2268–2274 (2008).
21M. Lin, S. Chan, J. H. Chen, D. Chang, K. Nie, S. T. Chen, C. J. Lin, T.
C. Shih, O. Nalcioglu, and M. Y. Su, “A new bias field correction method
combining N3 and FCM for improved segmentation of breast density on
MRI,” Med. Phys. 38, 5–14 (2011).
22D. J. Thompson, M. O. Leach, G. Kwan-lim, S. A. Gayther, S. J. Ramus,
I. Warsi, F. Lennard, M. Khazen, E. Bryant, S. Reed, C. R. Boggis, D. G.
Evans, R. A. Eeles, D. F. Easton, R. M. Warren, and UK study of MRI
screening for breast cancer in women at high risk (MARIBS), “Assessing
the usefulness of a novel MRI-based breast density estimation algorithm in
a cohort of women at high genetic risk of breast cancer: The UK MARIBS
study,” Breast Cancer Res. 11, R80 (16pp.) (2009).
23K. Nie, M. Y. Su, M. K. Chau, S. Chan, H. Nguyen, T. Tseng, Y. Huang,
C. E. McLaren, O. Nalcioglu, and J. H. Chen, “Age- and race-dependence
of the fibroglandular breast density analyzed on 3D MRI,” Med. Phys. 37,
2770–2776 (2010).
24J. H. Chen, L. C. Chang, Y. T. Wu, C. Scott, V. S. Pankratz, K. Brandt, C.
Y. Chang, P. T. Fwu, X. Y. Wang, M. Y. Su, and C. M. Vachon, “MRI-based
measurements of breast density and morphologic features for prediction of
cancer risk: A case-control study,” Proceedings of 2013 Annual Meeting
of International Society of Magnetic Resonance in Medicine Program No.
1733 (Salt Lake City, Utah, May, 2013).
25J. H. Chen, W. F. Pan, J. Kao, J. Lu, L. K. Chen, C. C. Kuo, C. K. Chang,
W. P. Chen, C. E. McLaren, S. Bahri, R. S. Mehta, and M. Y. Su, “Effect
of taxane-based neoadjuvant chemotherapy on fibroglandular tissue volume
and percent breast density in the contralateral normal breast evaluated by 3 T
MR,” NMR Biomed. 26, 1705–1713 (2013).
26M. Lin, J. H. Chen, X. Wang, S. Chan, S. Chen, and M. Y. Su, “Templatebased automatic breast segmentation on MRI by excluding the chest region,”
Med. Phys. 40, 122301 (10pp.) (2013).
27D. H. Chang, J. H. Chen, M. Lin, S. Bahri, H. J. Yu, R. S. Mehta, K.
Nie, D. J. Hsiang, O. Nalcioglu, and M. Y. Su, “Comparison of breast density measured on MR images acquired using fat-suppressed versus nonfatsuppressed sequences,” Med. Phys. 38, 5961–5968 (2011).
28J. H. Chen, S. Chan, Y. J. Liu, D. C. Yeh, C. K. Chang, L. K. Chen, W. F.
Pan, C. C. Kuo, M. Lin, D. H. Chang, P. T. Fwu, and M. Y. Su, “Consistency
of breast density measured from the same women in four different MR
scanners,” Med. Phys. 39, 4886–4895 (2012).
29S. Chan, M. Y. Su, F. J. Lei, J. P. Wu, M. Lin, O. Nalcioglu, S. A. Feig,
and J. H. Chen, “Menstrual cycle-related fluctuations in breast density measured by using three-dimensional MR imaging,” Radiology 261, 744–751
(2011).
30L. Wang, K. Filippatos, O. Friman, and H. K. Hahn, “Fully automated
segmentation of the pectoralis muscle boundary in breast MR images,” Proc.
SPIE 7963, 796309 (2011).
31C. Gallego and A. L. Martel, “Automatic model-based 3D segmentation of
the breast in MRI,” Proc. SPIE 7962, 796215 (2011).
32V. K. Reed, W. A. Woodward, L. Zhang, E. A. Strom, G. H. Perkins, W.
Tereffe, J. L. Oh, T. K. Yu, I. Bedrosian, G. J. Whitman, T. A. Buchholz,
and L. Dong, “Automatic segmentation of whole breast using atlas approach
and deformable image registration,” Int. J. Radiat. Oncol., Biol., Phys. 73,
1493–1500 (2009).
33J. G. Sled, A. P. Zijdenbos, and A. C. Evans, “A nonparametric method for
automatic correction of intensity nonuniformity in MRI data,” IEEE Trans.
Med. Imaging 17, 87–97 (1998).
34J. M. Bland and D. G. Altman, “Statistical methods for assessing agreement between two methods of clinical measurement,” Lancet 1, 307–310
(1986).
35J. M. Bland and D. G. Altman, “Measuring agreement in method comparison
studies,” Stat. Methods Med. Res. 8, 135–160 (1999).
36G. M. Fitzmaurice, N. M. Laird, and J. H. Ware, Applied Longitudinal
Analysis (John Wiley & Sons, Inc., Hoboken, NJ, 2004), pp. 291–315.

