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Abstract
Breast density, the radiographically opaque fraction of
the breast in a mammogram, is one of the strongest
biomarkers of breast cancer risk. However, younger
populations do not typically have mammograms due to
radiation concerns. This study explored a commercially
available dual-energy X-ray absorptiometer (DXA) system as a low-dose method to measure breast fibroglandular density in adolescent girls. Eighteen girls (13-14
years old) indicated their breast development according
to Tanner and underwent three dedicated DXA scans,
two of their left and one of their right breasts. Total
projected breast area was manually delineated on each
image and percent fibroglandular volume density
(%FGV), absolute fibroglandular volume (FGV), total
breast area, and volume were computed. It was possible

to image breasts representing all five Tanner stages;
%FGV ranged from 31.9% to 92.2% with a mean of 71.1 F
14.8%, whereas FGV ranged from 80 to 270 cm3 with a
mean of 168 F 54 cm3. Left and right breast %FGV were
highly correlated (r p = 0.97, P < 0.0001) and of
the same magnitude (P = 0.18). However, left total
volume and FGV were larger than the right by 38 cm3
(P = 0.04) and 19 cm3 (P = 0.02), respectively. Total
volume and FGV increased by Tanner stage, whereas
%FGV did not. Our method had excellent precision
for %FGV and moderate precision for FGV (root
mean square SDs of 2.4% and 16.6 cm3). These pilot
data indicate that dedicated DXA breast scans may
be useful in studies exploring breast density in girls.
(Cancer Epidemiol Biomarkers Prev 2008;17(7):1709–13)

Introduction
Breast density, measured as the ratio of radiographically
dense tissue area to the total breast area in a mammogram, has been shown in numerous studies to be one of
the strongest biomarkers of breast cancer risk (1). Breast
density is also correlated with other histologic features
related to increased breast cancer risk (2). Women in
mammography screening populations with high breast
density (the top 25% of the density distribution) are at
three to four times higher risk of developing breast
cancer compared with women with low breast density
(the lower 25% of the density distribution; ref. 3). Given
that there is a great need for surrogate markers to predict
breast cancer risk to test promising preventive treatments, measures of breast density have the potential to
be powerful predictors of cancer risk. To date, breast
density has not been used for individual risk prediction
but can be measured with mammograms, using either a
semiquantitative classification system [Wolfe criteria (4)
or BIRADS scores (5)], or as percent density, which is the
ratio of the area of mammographically dense breast
relative to the total projected breast area in a mammo-
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gram (6, 7). However, these methods quantify density as
a projected area and only use two-dimensional image
information. Kopans (8) pointed out that there can be
substantial error when measuring a three-dimensional
property, like breast density, with a two-dimensional
method. Thus, we approached the measure of breast
density using the technique dual-energy X-ray absorptiometry (DXA), which has the capability to measure the
volume and mass of dense tissue. DXA is a low-dose
quantitative method first developed for measuring bone
density and mass to diagnose osteoporosis. However,
the technique is also widely used to assess whole body
soft tissue composition as percent fat mass. DXA systems
operate at much higher X-ray tube voltage settings
than standard mammography (70-140 versus <40 kVp,
respectively), yet lower in patient dose because it is used
to quantify mass over large areas. DXA is commonly
used to measure whole body percent fat and bone mass
in pediatric studies (9). We developed a dedicated breast
DXA scan protocol that exposes subjects to an f10 times
lower dose than a single mammogram (15 ASv for a
breast DXA versus 150 ASv for a screening mammogram;
ref. 10).
We have previously reported on recalibration of a
DXA system to measure percent breast fibroglandular
density and quantified the precision of accuracy in
excised cadaver breasts (11) and in a small population
of women (12). Our earlier findings showed that the DXA
measures are very precise with repeatability of the
percent fibroglandular volume (%FGV) to 2%. However,
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there is great interest in studying cancer biomarkers in
early life, such as breast density in girls. Little is known
about when a girl reaches her peak breast density and
how density relates to genetics and early life habits such
as diet. In this article, we report on the characteristics
of our DXA method to measure breast fibroglandular
density in adolescent girls at different pubertal stages of
breast development.

Materials and Methods
Subjects. Eighteen girls (13-14 years old) were
recruited as a convenience sample from the Adequate
Calcium Today study (13), a multisite trial that examined
the influence of a multimedia intervention on calcium
intake and bone health of sixth grade girls (principal
investigator: D. Savaiano). These subjects underwent a
full-body DXA scan and consented to be recontacted.
Therefore, the girls and their families were familiar with
DXA scans and understood the very low level of
exposure to radiation. The project was approved by the
Committee on Human Studies at the University of
Hawaii and by the Institutional Review Board of Hawaii
Pacific Health, where the DXA machine is located. All
girls signed an assent form and their parents signed
an informed consent form. After weight and height
measurements and confirming the absence of pregnancy
by a urine test, participants underwent two dedicated
DXA scans of their left breast and one of their right
breast.
DXA Data Acquisition. All scans were acquired using
the research scan protocol and software version 9.3 on a
GE Lunar Prodigy Bone Densitometer (GE Healthcare).
The scan options were set to research mode, standard
X-ray technique, and scan width equal to 20 cm and
length of 30 cm. The pixel dimensions were 1.0  1.5 mm2.
After removing all clothing, and wearing cotton hospital
gowns, the participants were positioned for dedicated
decubitus mediolateral scanning of each breast. For
imaging the left breast, the girls lay on their left side
with their left arm resting below their head. Their left
breast rested on the DXA surface and their right hand
was used to hold their right breast out of the DXA
scanning path. Standard radiolucent positioning wedges
were used to support their back as well as the left breast
to put the nipple in profile. The gown was pulled to lay
smoothly over the image area with few folds. No breast
compression was used. Each scan was manually stopped
after scanning the entire breast length to minimize dose.
After scanning the left breast, the girls were asked to roll
over and were repositioned to scan the right breast.
Lastly, the subjects were asked to get up and off the DXA
machine, and then to remount the DXA, when they
were repositioned for a second DXA scan of the left
breast. The repositioning was to simulate the differences
that would occur between repeated examinations. The
X-ray dose per breast scan was estimated to be 15 ASv.
A single DXA technologist performed the DXA scans for
all participants.
Low-energy and high-energy attenuation images were
saved for each scan using the options available from GE
Lunar for the research scan mode. Data analysis was
done on the University of California at San Francisco

Breast Density Workstation (14). The scans were
calibrated to a two-compartment model of fat (steric
acid) and fibroglandular tissue density using a variety
of custom phantoms as described previously (11).
Briefly, calibration phantoms of a known range of breast
composition and thickness are scanned. A ‘‘ratio value’’
(R value) is defined as the ratio of the low-energy to
high-energy attenuation for density and thickness. The
paired R value and high-energy attenuation value are
unique for each density and thickness. We define two
polynomial functions to convert the R values and
high-energy attenuations to either %FGV or breast
thickness for each pixel. The dense breast volume in
pixels is the product of the %FGV and the calculated
volume of tissue in the pixel (thickness  pixel area).
Total projected breast area was manually delineated on
each image in a workstation with the use of a mouse
as previously described (11). The whole breast
density (%FGV) was computed as the sum of dense
fibroglandular volume (FGV) in cubic centimeters
divided by the total breast volume (sum of all pixel
volumes) times 100.
For quality assurance purposes and to assess the
intrinsic repeatability of the density measurements using
the GE Lunar Prodigy DXA machine, we performed
three scans of the density step phantom everyday for
2 wk. The phantom varied in thickness (2, 10, and 20 cm)
and contained three %FGV values of 28%, 65%, and
100%.
Tanner Staging. All girls in the study were shown a
diagram of breast development depicting the five Tanner
stages (15) of breast development (Fig. 1) and were asked
to select their current appearance. This method has been
shown to be valid when compared with clinical staging
done by health professionals (16).
The five stages describing the development of the
breast by Tanner are as follows:
1. Same as in childhood; small elevated nipple with no
significant underlying breast tissue.
2. Breast buds become visible. There is elevation of the
breast and nipple as a small mound; the areola
begins to enlarge. Milk ducts inside the breast begin
to grow.
3. Further enlargement and elevation of the breast and
areola occurs. The areola begins to darken in color.
The milk ducts give rise to milk glands that begin to
grow.
4. The areola rises above the rest of the breast and
forms a secondary mound.
5. Only the nipple projects although in some woman
the areola continues to form a secondary mound.
Statistical Analysis. All data management and analyses were done using the SAS statistical software
package, version 9 (SAS Institute, Inc., 2001). In vivo
repeatability was assessed using the repeat DXA scans of
the left breast. The repeatability (precision) of the
measures was calculated as SD and percent coefficient
of variation (%CV) for each subject. For a representative
precision value of the population, we define precision
as the root mean square SD (RMS SD) and root mean
square percent coefficient of variation (RMS %CV) as
done commonly elsewhere (17).

Cancer Epidemiol Biomarkers Prev 2008;17(7). July 2008

Downloaded from cebp.aacrjournals.org on December 3, 2020. © 2008 American Association for Cancer
Research.

Cancer Epidemiology, Biomarkers & Prevention

vﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
u m
uX SD2j
RMS SD ¼ t
m
j1
and

vﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
u m
uX %CV2j
RMS %CV ¼ t
m
j¼1

ðAÞ

ðBÞ

where SDj and CVj represent the values for the jth
participant, and m is the total number of participants in
the precision study. Comparisons between left and right
breast measures were done by calculating the Pearson’s
Correlation coefficient (r p). Mean levels of breast total
volume, projected area, %FGV, and FGV tissue were
computed as a function of Tanner pubertal breast stage,
and the associations to Tanner stage described by the
Spearman’s rank correlation coefficient (r s). The density
step phantom was analyzed using a template of seven
regions of interest. The stability of the DXA system was
determined by plotting the phantom results over time
and checking for breaks in the calibration using standard
process control methods and Shewhart rules (18).

Results
This study included 18 girls of ages 13 to 14 years. Of
these, 11 reported Japanese ancestry, 3 were mixed
Japanese/Chinese, 2 were Chinese, and 1 each reported
Filipina and Korean ethnicity. All girls, except one,
had reached menarche. The mean body weight was
47.4 F 7.1 kg. The breast development in the girls was
classified into the following Tanner stages: one as stage 1,
three as stage 2, eight as stage 3, five as stage 4, and one
as stage 5.
The DXA images showed the breast tissue separate
from the pectoral muscle and rib cage. However, there
was not much detail in the fibroglandular tissue. Figure 1
shows typical scans as a function of Tanner pubertal

stage. Left and right measures for %FGV, FGV, total area,
and total volume were all highly correlated (Table 1).
Total breast volume and FGV are larger, on average, for
left than for right breasts (P = 0.04 and P = 0.02,
respectively). Breast volumes (mean of right and left)
ranged from 113 to 670 cm3 with a mean of 254 cm3. FGV
ranged from 80 to 270 cm3 with a mean of 168 F 54 cm3.
Percent FGV ranged from 32% to 92% with a mean
of 71 F 14.8%. Body mass index (BMI) showed a
significant relation with %FGV (r p = 0.68, P = 0.003)
and total volume (r p = 0.56, P = 0.02) but not with FGV
(P = 0.95).
As shown in Fig. 2, the total breast volume and FGV
increased significantly by Tanner stage (P = 0.003)
whereas %FGV showed an inverse trend but was
not statistically significant (P = 0.90). The respective
FGV means by Tanner stage were 104, 124, 161, 210, and
214 cm3.
The precision is shown both as RMS CV and RMS SD
for %FGV and FGV in Table 1. The RMS SD was 2.4%
for %FGV and 16.6 cm3 for FGV. These values are
comparable to the phantom precision values that ranged
from 1.5% (10 cm in thickness and 100% composition)
to 2.4% (2 cm in thickness and 28% composition). There
were no observed changes in the systems calibration
over time observed from the density step quality control
phantom.

Discussion
Our pilot study to test the feasibility of using a standard
bone densitometer to capture images of adolescent girls
(Fig. 1) found that it was possible to image all Tanner
stages and that breast volume and FGV density were
related to Tanner stages. The total and dense volumes of
the breast increased by Tanner stage, whereas we found
no relation between %FGV and Tanner stage. However,
we only had one girl with Tanner 1 and Tanner 5. Thus,
our ability to make definitive statements about density
and pubertal development was limited.

Figure 1. Breast pubertal stages according to Tanner with the corresponding DXA image. The total breast area is shown as the largest
region of interest around the breast (blue).

Cancer Epidemiol Biomarkers Prev 2008;17(7). July 2008

Downloaded from cebp.aacrjournals.org on December 3, 2020. © 2008 American Association for Cancer
Research.

1711

1712

Breast DXA in Girls

Table 1. Summary of DXA measures for left and right breasts
Breast measure

Mean (min, max)
3

Total volume, left (cm )
Total volume, right (cm3)
Total area, left (cm2)
Total area, right (cm2)
FGV, left (cm3)
FGV, right (cm3)
%FGV, left
%FGV, right

272.3
234.0
34.8
30.6
177.8
158.8
70.5
71.7

(121.0, 817.9)
(104.2, 522.3)
(16.5, 83.4)
(13.8, 54.7)
(85.7, 287.1)
(75.1, 292.9)
(32.5, 91.4)
(31.2, 92.2)

r p*

Difference
c

38

c

4.2

c

c

0.91

RMS %CV (RMS SD)
12.2 (30.7)

c

0.86

c

19

0.85

1.3

0.97

8 (3.7)
12.2 (15.8)
b

N/A

(2.4)

*Pearson’s correlation coefficient.
cP < 0.05.
bNote that taking the percent of a percent value is not standard practice.

The repeatability was high for %FGV (2.5%) but only
moderate for FGV (12%). In our previous work with
women, we found the repeatability of %FGV from
similar DXA scans to be 1.2% (14). We believe that some
of this difference in precision between girls and women
to be breast size, but we plan to further develop and
standardize subject positioning and automated outlining
of the breast area to improve the precision on girls. A
sign of overall accuracy was that the percentage of fat
using the GE Lunar DXA analysis was highly correlated
with the breast phantom percentage fibroglandular
density reported by the phantom’s manufacturer (r >0.998).
BMI was inversely correlated to %FGV. Other studies
have also found breast density measured from mammograms inversely corrected to BMI for postmenopausal
women (19). However, the correlation of BMI and breast
density has not precluded breast density as an independent risk factor. Barlow showed in a multivariate model
that BMI and breast density were both strongly associated with breast cancer in postmenopausal women (20).
After controlling for breast density, breast cancer risk
was 47% higher for women with a BMI of z35 when
compared with women with a BMI of <25. At the same
time, the risk association to breast density was 3-fold
higher for women in the highest breast density category
compared with the lowest.
These results are comparable to the DXA study among
17 women (14) that also reported a high correlation for
left and right measures. We found the left breasts to be,
on average, higher in total volume and FGV than the
right breasts. This is consistent with the findings in
women that left breasts are larger in general (21).
Hussain et al. (22) found that the average difference
was 39.7 cm3 in 22 women using a magnetic resonance

imaging technique. Interestingly, we observed a difference of 38 cm3 although our sample was very small. A
lower percentage density with larger breasts is consistent
with the findings in women; on average, larger breasts
have more fatty tissue and lower percent density (23).
The increase in FGV with Tanner stage is also consistent
with developing breasts, although our study was limited
by few girls in the Tanner 1 and Tanner 5 categories.
We also showed in this study that our DXA breast
scanning technique is generalizable across DXA hardware. This study was done on a GE Prodigy whereas our
previous work was on a Hologic Delphi/A. However,
the analysis algorithms and calibration standards were
the same. Thus, we would expect indistinguishable
results if the present study were to be reproduced on a
Hologic system.
Although these preliminary findings look promising,
data on a larger sample of girls and a more thorough
understanding of breast density are necessary before
DXA scanning can be applied in longitudinal or intervention studies. A method to monitor breast composition
in young women and girls is currently not available
because the risk of X-ray based mammograms outweighs
potential benefits in that age group (24). Novel techniques to obtain images of the developing breast are also
of interest because there is an interest to develop lowradiation methods for adult women to monitor breast
density for individualized risk prediction (25). Magnetic
resonance imaging has been suggested as useful for
breast density measurements in young women (26, 27)
and is currently being used in studies involving young
women. However, DXA has many advantages over
magnetic resonance imaging or mammography: It is
widely available, inexpensive compared with magnetic
resonance imaging, already a commonly used and
accepted measure for whole-body and regional soft
tissue composition, does not entail breast compression,
gives results that are objectively interpreted, and uses an
X-ray dose 10 times lower than mammography (11).
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