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Purpose: To comprehensively characterize the dosimetric properties
of a clinical digital breast tomosynthesis (DBT) system for
the acquisition of mammographic and tomosynthesis images.

Materials and Compressible water-oil mixture phantoms were created

Methods: and imaged by using the automatic exposure control (AEC)

of the Selenia Dimensions system (Hologic, Bedford, Mass)

in both DBT and full-field digital mammography (FFDM)

mode. Empirical measurements of the x-ray tube output

were performed with a dosimeter to measure the air ker-

ma for the range of tube current-exposure time product

settings and to develop models of the automatically selected

x-ray spectra. A Monte Carlo simulation of the system

was developed and used in conjunction with the AEC-cho-

sen settings and spectra models to compute and compare

the mean glandular dose (MGD) resulting from both

imaging modalities for breasts of varying sizes and glandular
compositions.

Results: Acquisition of a single craniocaudal view resulted in
an MGD ranging from 0.309 to 5.26 mGy in FFDM
mode and from 0.657 to 3.52 mGy in DBT mode. For
a breast with a compressed thickness of 5.0 cm and
a 50% glandular fraction, a DBT acquisition re-
sulted in an only 8% higher MGD than an FFDM
acquisition (1.30 and 1.20 mGy, respectively). For a
breast with a compressed thickness of 6.0 cm and a
14.3% glandular fraction, a DBT acquisition resulted in an
83% higher MGD than an FFDM acquisition (2.12 and
1.16 mGy, respectively).

Conclusion: For two-dimensional-three-dimensional fusion imaging
with the Selenia Dimensions system, the MGD for a 5-cm-
thick 50% glandular breast is 2.50 mGy, which is less than
the Mammography Quality Standards Act limit for a two-
view screening mammography study.
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igital breast tomosynthesis (DBT)

(1) is an emerging imaging

method that produces pseudo-
three-dimensional images of the breast
and shows great promise as a replace-
ment for or adjunct to planar mammog-
raphy for breast cancer screening and
diagnosis. DBT can help provide greater
detail about the internal structure of
the breast tissue and overcomes mam-
mography’s greatest limitation—that is,
the reduction of a three-dimensional
structure to a two-dimensional image.
This is achieved by acquiring multiple
low-dose projections of the breast over
a limited angular range and then cal-
culating a pseudo-three-dimensional
reconstruction (1-3). Promising results
from preliminary studies (4-8) reveal
that DBT has the potential to reduce
the callback rate, increasing specificity
while also increasing detection rate,
and thereby increasing sensitivity, in
breast cancer screening.

The Selenia Dimensions (Ho-
logic, Bedford, Mass) DBT system,
recently approved by the U.S. Food
and Drug Administration for clinical
use, is able to perform both full-field

Advances in Knowledge

® With the tested system, acquisi-
tion of a single craniocaudal view
results in a mean glandular dose
(MGD) that ranges from 0.309 to
5.26 mGy in full-field digital
mammography (FFDM) mode
and from 0.657 to 3.52 mGy in
digital breast tomosynthesis
(DBT) mode, depending on
breast thickness and
composition.

B For an average breast (defined as
5 cm thick when compressed and
with 50% glandular fraction), a
DBT acquisition resulted in an
only 8% higher MGD than an
FFDM acquisition (1.30 and 1.20
mGy, respectively); for a 6-cm-
thick compressed breast with
14.3% glandular fraction, a DBT
acquisition resulted in an 83%
higher MGD than an FFDM ac-
quisition (2.12 and 1.16 mGy,
respectively).

digital mammography (FFDM) and
DBT. Previous studies (3,9-11) have
investigated the normalized mean
glandular dose (MGD), defined as
the MGD per unit reference expo-
sure or per unit reference air kerma,
resulting from DBT overall as an
imaging modality. These studies provide
relative dose coefficients with units of
MGD per unit reference exposure or air
kerma for a number of x-ray spectra. In
this study, we investigated the dosimet-
ric characteristics of a specific tomosyn-
thesis system, taking into account the
specific x-ray spectra and acquisition
protocols automatically chosen by the
system to obtain absolute MGD values
for each breast of specific thickness and
composition. In addition, the dual imag-
ing functionality of the system enabled a
direct comparison of the dose resulting
from FFDM and that resulting from
DBT. Given the potential for use of
this system and the DBT modality for
screening in the general population, we
believe that in-depth knowledge of its
dosimetric behavior is essential.

The purpose of our study was to
comprehensively characterize the do-
simetric properties of a clinical DBT
system for the acquisition of mammo-
graphic and tomosynthesis images.

Materials and Methods

To characterize the radiation dose
delivered to an imaged breast, the

Implications for Patient Care

B Two-dimensional-three-dimen-
sional fusion imaging of a homo-
geneous representation of an
average 5-cm-thick 50% glandular
breast can be performed at a
dose that is lower than the Mam-
mography Quality Standards Act
limit of 3 mGy per view for
screening mammography.

B [f breast cancer screening in the
future is performed with a single-
view tomosynthesis image, dose
reduction is possible for most
clinically relevant breast sizes
and densities.

automatic exposure control (AEC) of
the DBT system was used to select
the x-ray spectrum and x-ray exposure
settings for both FFDM and DBT acqui-
sitions in breast phantoms of varying siz-
es and adipose-glandular compositions.
Empiric measurements were performed
by using a dosimeter to determine the
half-value layers of the selected x-ray
spectra and to measure the air kerma
at the breast support plate for differ-
ent tube current-exposure time prod-
uct settings. A Monte Carlo simulation
of the Selenia Dimensions system was
developed and was used to com-
pute the normalized MGD resulting
from both mammographic and tomo-
synthesis acquisitions in breasts of
sizes and compositions that matched
those of our phantoms. Finally, the
MGD was estimated by combining
these results with the tube current—
exposure time product settings chosen
by the AEC.

DBT System

When it is performing a DBT acquisi-
tion, the system acquires 15 projections
angular range (from —7.5°
to +7.5°). For the central projection
(tomosynthesis angle = 0°), the source-
to-imager distance is 70 cm, with a 2.5-cm

over a 15°
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Figure 1:  The Hologic Selenia
Dimensions system acquires 15
projections, spaced evenly, over
a 15° angular range, with the
center projection (tomosynthesis
angle = 0°) perpendicular to
the image detector plane. The
source-to-imager distance is

70 cm, with a 2.5-cm air gap
between the detector and the
breast support plate. The image
detector measures 24 X 28 cm.
(Image not to scale).
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air gap between the detector and the
breast support plate (Fig 1). The iso-
center of the x-ray tube rotation is lo-
cated at the central ray of the central
projection, onthe surface of the detector.
The image detector measures 24 X
28 cm and rotates around an axis
located on the surface of the detector
and orthogonal to the chest wall. The
system utilizes a tungsten target, with
additional aluminum filtration for per-
forming DBT acquisitions and either rho-
dium or silver filtration for performing
FFDM acquisitions. Compression of the
breast is achieved with a 3-mm-thick
compression paddle. Details of this
system were previously published by
Ren et al (12).

In clinical conditions, in fully auto-
mated mode, the system determines
the tube voltage, the tube current-ex-
posure time product, and, for FFDM
acquisitions only, the filter. To deter-
mine the x-ray tube voltage and, in
FFDM mode only, the filter material,
the system uses the thickness of the
compressed breast. To determine the
tube current-exposure time product, a
single low-dose scout exposure is per-
formed before image acquisition, and

the signal at the detector is analyzed.
For a DBT acquisition, this scout expo-
sure is performed with the tube in the
—7.5° position.

AEC Selections

To determine the range of x-ray tube
voltages and tube current-exposure
time products the AEC would choose
when imaging breasts of varying thick-
nesses and compositions, compressible
phantoms of distilled water-olive oil
mixtures in malleable plastic containers
were made and imaged in the cranio-
caudal view. These materials were
chosen because water and olive oil are
good analogs for breast glandular and
adipose tissues, respectively (13,14).
Both DBT and FFDM acquisitions were
performed for each phantom at least
three times, and the observed settings
were averaged. These phantoms were
made to simulate clinically encountered
breasts and ranged from 2 to 8 cm
thick, in 1-cm steps, when compressed.
The thickness was determined by both
checking the system readout and mea-
suring the separation between the
compression paddle and the support
plate by using calipers. The glandular

fractions of these phantoms were fixed
at 0% (100% olive oil), 14.3%, 25%,
50%, 75%, and 100% (100% water). The
14.3% glandular compressible phan-
tom was included because it has been
recently shown by Yaffe et al (15) that
this is the glandular fraction of an “av-
erage” breast. In addition, while the
study by Yaffe et al also found that
patient breasts rarely have glandular
fractions greater than 45%, phantoms
with glandularity of up to 100% were
included to allow comparison with re-
sults of previously published studies.
Acquisitions were also performed with
a commercial 50% glandular mammog-
raphy phantom (Model 082; CIRS, Nor-
folk, Va), and the AEC-chosen settings
were compared with those recorded for
the 50% glandular compressible oil-wa-
ter phantoms of selected thicknesses.
The x-ray tube voltage, filter selection,
and tube current-exposure time prod-
uct chosen for each phantom were re-
corded, and the voltage and filter com-
bination are henceforth referred to as a
designated x-ray spectrum. The inclusion
of the filter section was necessary, as
the system selects either rhodium or
silver as added filtration in the x-ray
tube when performing FFDM acquisi-
tions and aluminum as added filtration
when performing DBT acquisitions.

X-ray Tube Output Characterization

The x-ray source of the tested system
uses a tungsten target and a 50-pm-
thick rhodium or silver filter for FFDM
acquisitions and a 0.7-mm-thick alumi-
num filter for DBT acquisitions. The x-
ray spectra can vary between 20 and 49
kVp, as selected either by the AEC or
manually (12).

Each of the designated x-ray spectra,
a combination of added filtration se-
lection and tube voltage, observed to
have been chosen for either a DBT or
an FFDM acquisition in the phantoms
was modeled according to the method
described by Boone et al (16) and was
matched to the first half-value layer,
which was determined empirically by
measuring the x-ray tube output with a
calibrated dosimeter (Accu-Dose; Rad-
cal, Monrovia, Calif) and a dedicated

mammography ionization chamber

Radiology: \olume 263: Number 1—April 2012 = radiology.rsna.org

37



Radiology

BREAST IMAGING: Dosimetric Characterization of Clinical Digital Breast Tomosynthesis System

Feng and Sechopoulos

(Model 10 X 6-6M; Radcal). The ioniza-
tion chamber was placed on the breast
support plate at the central ray of the
zero-angle projection, which was the
location for the reference air kerma
used by the Monte Carlo simulations,
and the air kerma measurement was
recorded for a single acquisition with
the tube current-exposure time product
set at 100 mAs. Subsequently, additional
thicknesses of aluminum (99.5% min-
imum, Model Number 1901017; Un-
fors Instruments, Hopkinton, Mass)
were added at the output port of the
x-ray tube, and the exposure was mea-
sured again with each thickness. For
accuracy in these and all subsequent
measurements, three measurements
were performed for each thickness of
aluminum, and the results were aver-
aged. The half-value layer of the x-ray
spectral models was matched to the
measured half-value layer by varying the
thickness of the modeled filter of the
x-ray tube. The expected air kerma for
each additional thickness of aluminum
was calculated from these models and
was compared with that measured with
the dosimeter. In addition, to deter-
mine the relationships between the tube
current—exposure time product and air
kerma, measurements were also per-
formed for each x-ray spectrum by us-
ing at least three different tube current-
exposure time product settings.

All measurements for the tomosyn-
thesis x-ray spectra were performed
with the x-ray tube locked in the central
projection position for all 15 projections,
because this is the definition of the ref-
erence air kerma used by this study’s
Monte Carlo simulation to normalize its
glandular dose output. The reference
air kerma was defined in this manner to
simplify its measurement, avoiding the
need to locate the central ray for each
tomosynthesis projection (3).

Monte Carlo Simulations

A Monte Carlo simulation was devel-
oped and was implemented in C++. It
is based on the Geant4 Monte Carlo
simulation toolkit (17,18) and is sim-
ilar to simulations described in re-
ports by Sechopoulos et al (3,9,19).
In the present study, only the FFDM

and DBT craniocaudal views were
studied. The simulation also included
the breast to be imaged, with the pre-
viously described varying glandular
fractions, a chest-to-nipple distance
of 10 c¢m, a skin thickness of 0.4 cm,
and compression to thicknesses that
matched those of the compressible
phantoms. Breasts of a single chest-
to-nipple distance were simulated
because results of previous studies (3)
have shown that both the normalized
glandular dose for the central projection
and the mean of the relative glandular
dose for a complete symmetric tomosyn-
thesis acquisition, especially in the cranio-
caudal view and for the limited angular
range (£7.5°) used by this system, do
not vary substantially with breast size.
In addition, the AEC selected the same
acquisition protocols for breast phan-
toms of the same thickness and compo-
sition but different sizes.

Within each simulation, 1 million
(10%) x-rays of the same energy, from
5 keV to the maximum energy level
of the spectrum selected by the AEC
(in 0.5-keV steps), are emitted and
tracked, and each energy deposition in
the breast glandular tissue is recorded,
according to the method of Boone (20)
and Wilkinson and Heggie (21). The
monochromatic results are then com-
bined, as described by Boone (22), by
using the developed spectrum models
to obtain the normalized MGD (for
both FFDM and DBT) in units of mil-
ligray per milligray air kerma.

The previously determined relation-
ships between the tube current-exposure
time product and air kerma and the
recorded imaging techniques chosen by
the AEC were used to calculate the total
air kerma used for each size and glandular-
ity of breast imaged. Finally, this was
combined with the normalized MGD for
FFDM and DBT to calculate the MGD to
the breast for each imaging modality.

AEC Selections

The imaging techniques, comprising x-
ray tube voltage and tube current-ex-
posure time product settings, chosen by

the AEC for each compressible phan-
tom are shown in Table 1 and Table 2
for DBT and FFDM, respectively. A
total of 14 distinct x-ray spectra were
observed to have been chosen by the
AEC, one for each compressed phantom
thickness for each imaging modality.

In most cases, the AEC called for
higher tube current-exposure time
product settings with increasing phan-
tom thickness and increasing glandular
fraction, as expected. However, cer-
tain observed measurements did not
fit these trends. Those for the DBT ac-
quisitions of the 8.0-cm-thick phantoms
with glandular fractions of 1%, 14.3%,
25%, and 50% were lower than those
for the 7.0-cm-thick phantoms. Those
for the 3.0-cm-thick phantoms with
100% glandular fraction were lower
than those for the phantom of the same
thickness with 75% glandular frac-
tion and those for the 100% glandular
2.0-cm-thick phantom. These inconsis-
tencies remained, even with repeated
measurements. It was verified that the
system readouts for compressed breast
thickness agreed with the caliper mea-
surements in all cases.

Settings chosen by the AEC for the
50% glandular compressible phantoms
matched closely those chosen for the
Model 082 50% glandular commercial
mammography phantom for thicknesses
of 2.0, 4.0, 6.0, and 8.0 cm for both the
DBT and FFDM modes (Table 3).

X-ray Tube Output Characterization

The calculated expected change in air
kerma of the developed x-ray spec-
trum models deviated by less than 4%
from the measured air kerma changes
recorded with the dosimeter when ad-
ditional thicknesses of aluminum were
placed under the x-ray tube output
port. This comparison is shown for
two example spectra, a 30-kVp tung-
sten/aluminum tube-filter combination
selected for DBT, and a 25-kVp tung-
sten/rhodium tube-filter combination
selected for FFDM, in Figure 2. The
relationships between air kerma and
tube current-exposure time product
were found to be linear for all the desig-
nated x-ray spectra chosen by the AEC
system, with R? > 0.99.
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Monte Carlo Simulations Table 1

The results for the normalized MGD for AEC Setting Selections for DBT

DBT and FFDM are shown in Table 4 Glandular Fraction (%)

and Table 5, respectively. As can be Breast Tube

expected, both the normalized MGD Thickness (cm) Voltage (kVp) 1 14.3 25 50 75 100
for DBT and that for FFDM decreased 2 2% 31.0 31.0 317 313 33.0 463
with increasing glandularity and with 3 28 33.0 33.0 330 340 377 35.7
increasing breast thickness in general. 4 29 45.0 45.0 45.0 45.0 49.0 65.3
There was one exception of note: The 5 31 51.0 51.0 51.0 52.0 66.0 73.0
phantoms measuring 8.0 cm thick ex- 6 33 60.0 60.0 60.0 60.0 7.7 87.0
hibited a normalized MGD for DBT that 7 35 72.0 72.0 72.0 72.0 87.3 106.3
was greater than that of the 7.0-cm- 8 38 69.0 69.0 69.0 69.0 89.0 11.7

thick phantoms of the same glandular
fraction. However, this can be attrib-
uted to the different x-ray spectra cho-
sen by the AEC for phantoms of differ-

Calculations of the total MGD for

both DBT and FFDM are shown in Table AEC Setting Selections for FFDM
6 and Table 7, respectively. Both MGD
for DBT and that for FFDM generally Breast Tube

Note.—Data are total tube current-exposure time products (in milliampere seconds) for all 15 projections. For DBT, this system
always uses an aluminum filter.

Glandular Fraction (%)

decreased with increasing glandularity Thickness (cm)  Voltage (KVp)  Filter 1 14.3 25 50 75 100
and increased with breast thickness 2 25 Rhodium  29.0 303 38.0 393 40 603
(Fig 3). 3 2% Rhodum 320 360 520 580  67.0 653
The ratios of MGD for DBT to 4 28 Rhodum 337 427 490 713 843 1173
those for FFDM in the phantoms are 5 29 Rhodum 517 640 790 1140 1707 2003
shown in Table 8. For most of the 6 31 Rhodium  78.3 89.0 90.7 1503 2160 3150
breast phantom sizes in this study, a 7 30 Silver 787 1010 1280 159.0  269.3  383.0
single-view DBT acquisition resulted in 8 32 Silver 880 1020 1287 1643 2997  468.7

an MGD of less than two times that of

a single-view FFDM acquisition. How-

ever, there were notable exceptions, in-

cluding two breasts of 14.3% glandular

fraction—those with thicknesses o 2.0 MGG

and 4.0 cm. Comparison of AEC Setting Selections for DBT and FFDM between the CIRS Model 082
50% Glandular Phantom and the 50% Glandular Compressible Phantom

m Tube Current-Exposure Tube Current—Exposure Time

The resul £ thi dv r led th Imaging Modality and Time Product for CIRS Product for 50% Glandular
e resuits of this study revealed that Breast Thickness (cm) Tube Voltage (kVp) Model 082 Phantom (mAs) Compressible Phantom (mAs)
for the breast phantoms represent-

Note.—Data are total tube current-exposure time products (in milliampere seconds).

ing the most commonly clinically en- DBT

countered breasts (2.0-8.0 cm thick, 2 26 32.0 313

1%-50% glandular fraction), a cranio- 4 29 45.0 45.0

caudal view acquisition can result in an 6 33 60.33 60.0

MGD of 0.309-2.28 mGy for FFDM 8 38 69.33 69.0

and 0.670-3.26 mGy for DBT. Further- FFDM

more, for the breast phantom repre- 2 i Ll g2

senting the “average” breast (5.0 cm g i? 17511'%7 :;0323
. o . ] !

thick, 50% glandular fraction) (23,24), 8 » 166.33 16433

the MGDs for the FFDM and DBT ac-
quisitions were 1.20 and 1.30 mGy, re- Note.—The x-ray spectra selections by the AEC were identical, in terms of tube voltage, for phantoms of the same thickness.
spectively, resulting in a difference of
only 8% between the two modalities,
and a fusion two-dimensional-three- (25) reported that the MGD for the Network’s Digital Mammographic Im-
dimensional imaging study resulted in 5-6-cm-thick breasts included in the aging Screen Trial (DMIST) ranged
an MGD of 2.50 mGy. Hendrick et al American College of Radiology Imaging  from 2.06 to 3.01 mGy. Therefore, the
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Hologic Selenia Dimensions system, in
either FFDM or DBT mode, results in
a considerably lower MGD than the
systems used in DMIST, and the com-
bined FFDM and DBT study resulted in
a dose comparable to that of an FFDM-
only acquisition in DMIST. For the
breast phantom that represented the
average breast (6.0 cm thick, 14.3%
glandular fraction) in a recent study
(15), a craniocaudal view acquisition
resulted in an MGD of 1.16 mGy for
FFDM and 2.12 mGy for DBT, a differ-
ence of 83%. Thus, a combined FFDM-
DBT study of this breast performed by
using the Selenia Dimensions system
resulted in an MGD of 3.28 mGy, 2.8
times that of a single-view FFDM study
and slightly higher than the FFDM dose
range reported in DMIST for 5-6-cm
thick breasts.

For some of the thicker, denser (ie,
a glandular fraction of 75% and 100%)
breasts, a DBT acquisition actually re-
sulted in a lower MGD—as low as 67%
as much radiation dose as an FFDM ac-
quisition. However, this was a result of
the fact that the tube current-exposure
time product chosen by the AEC for an
FFDM acquisition of these clinically im-
probable breasts was very high, rang-
ing from 269 to 469 mAs, resulting in
a much higher MGD.

While previous studies have explored
the normalized dosimetry of DBT and
its comparison to digital mammography
(3,9), providing dose conversion coef-
ficients in units of dose per reference
exposure/air kerma, this study provides
a detailed characterization of dosimetry
in absolute terms, including taking into
consideration the acquisition proto-
cols automatically selected by the AEC
for different breasts. In addition, the
combination of measurements of the
system’s x-ray tube air kerma output,
observation of the system’s automated
selections of x-ray spectra and tube
current-exposure time products for
breast phantoms of varying sizes and
tissue compositions, and system-specific
Monte Carlo simulations to determine
the resulting dose to the patient distin-
guishes this work from those studies.
To the best of our knowledge, this
approach has not been previously used

Monte Carlo Results for Normalized MGD for DBT

Table 4

1% 14.3% 25% 50% 75% 100%

Breast Glandular Glandular Glandular Glandular Glandular Glandular
Thickness (cm) Fraction Fraction Fraction Fraction Fraction Fraction

2 4.05 3.90 3.78 3.52 3.28 3.06

3 3.44 3.27 3.14 2.87 2.64 2.42

4 3.25 3.08 2.95 2.68 2.44 2.22

5 3.05 2.88 2.75 2.48 2.25 2.05

6 2.89 2.72 2.60 2.34 212 1.92

7 2.75 2.59 2.47 2.22 2.01 1.82

8 2.79 2.63 2.51 2.26 2.04 1.85

Note.—Data are normalized MGDs (in milligrays per milligray of air kerma).

Monte Carlo Results for Normalized MGD for FFDM

1% 14.3% 25% 50% 75% 100%

Breast Glandular Glandular Glandular Glandular Glandular Glandular
Thickness (cm) Fraction Fraction Fraction Fraction Fraction Fraction

2 4.23 4.07 3.95 3.68 3.42 3.19

3 3.89 4,07 3.56 3.25 2.98 2.73

4 3.46 3.27 3.12 2.81 2.55 2.31

5 3.15 2.95 2.81 2.51 2.26 2.03

6 2.87 2.68 2.55 2.26 2.02 1.81

7 2.66 2.49 2.36 2.09 1.87 1.68

8 2.54 2.37 2.24 1.98 1.77 1.59

Note.—Data are normalized MGDs (in milligrays per milligray of air kerma).

Table 6

Calculated Results for MGD for DBT

1% 14.3% 25% 50% 75% 100%

Breast Glandular Glandular Glandular Glandular Glandular Glandular
Thickness (cm) Fraction Fraction Fraction Fraction Fraction Fraction

2 0.764 0.735 0.727 0.670 0.657 0.857

3 0.813 0.774 0.744 0.703 0.721 0.624

4 1.21 1.14 1.10 0.994 0.989 1.22

5 1.56 1.48 1.41 1.30 1.51 1.52

6 2.07 2.12 2.18 2.10 2.43 2.85

7 2.76 2.60 2.48 2.23 2.45 2.71

8 3.26 3.07 2.93 2.64 3.08 3.52

Note.—Data are MGDs (in milligrays).

to characterize the dosimetry of any
DBT system, although it has been used
in the dosimetry of a dedicated breast
computed tomography system (14). It
should also be noted that while in this
experiment we probed the behavior

of the AEC, its exact size and location
is not important, as long as the breast
phantom is located in the standard
mammography position for the com-
pressed breast (central to the detector
at the chest wall edge).
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Figure 2:  Graph shows validation of two of the developed x-ray spectra
models: a 35-kVp tungsten/aluminum tube-filter combination selected for DBT

and a 25-kVp tungsten/rhodium tube-filter combination selected for FFDM.
The calculated estimated air kerma agreed well with the measured air kerma (R

> 0.99).

Table 7

Calculated Results for MGD for FFDM

1% 14.3% 25% 50% 75% 100%

Breast Glandular Glandular Glandular Glandular Glandular Glandular
Thickness (cm) Fraction Fraction Fraction Fraction Fraction Fraction

2 0.309 0.313 0.389 0.376 0.395 0.516

3 0.392 0.461 0.581 0.592 0.627 0.560

4 0.455 0.544 0.595 0.779 0.832 1.05

5 0.660 0.775 0.920 1.20 1.63 1.73

6 1.09 1.16 1.12 1.68 217 2.85

7 1.22 1.48 1.79 1.99 3.03 3.88

8 1.53 1.66 2.00 2.28 3.74 5.26

Note.—Data are MGDs (in milligrays).

Although this has yet to be proved
possible, if in the future a single-view
DBT acquisition replaces the current
two-view FFDM screening examination,
as has been discussed as a possibility
(4,6,26,27), this would result in an
MGD savings, as the former results in
an MGD of less than two times that of
a single-view FFDM acquisition in most
clinically encountered breasts. Further-
more, if screening with DBT results in
a reduction in recall rate, as has been

suggested by previous investigators (4-
8), this could result in a reduction in
population dose, because there would
be a reduction in diagnostic work-up
mammographic which
often require acquisition of four to six
additional views.

The results of this study are limited
to providing the MGD delivered to
homogeneous phantoms representing
breasts of various glandular fractions.
Future studies could include recording

examinations,

Figure 3:  Graph shows MGD versus breast thickness. MGD for both DBT and
FFDM increased with thickness and with glandular fraction for most breasts.
Percentages = glandular fractions.

the AEC selections for both FFDM and
DBT acquisitions in the same patient,
followed by a comparison of the resulting
MGDs with an assumption of the glan-
dular fraction of the patient breast. The
use of homogeneous phantoms could
also be a limitation, because in clinical
conditions, the AEC settings are based
on the signal toward the center of the
detector, and therefore what is normal-
ly the densest part of the breast. Thus,
use of a homogeneous phantom results
in the AEC settings normally used for a
breast with an overall lower glandular
fraction; however, this would not affect
the MGD ratios displayed in Table 8.
In addition, this study investigated the
resulting dose to the breast from cra-
niocaudal view DBT and FFDM acquisi-
tions, and future studies of the resulting
dose from mediolateral oblique (MLO)
images are needed. To perform this
study for the MLO view, a realistic de-
piction of the portion of the pectoralis
muscle present within the compressed
tissue and in the field of view would
need to be incorporated into the breast
phantom to include its effect on the
AEC’s selected acquisition protocol. We
are not aware of any reports on how
much muscle tissue should be included
in different-sized breast phantoms to
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Table 8

Ratio of MGD for DBT (from Table 7) to MGD for FFDM (from Table 6)

1% 14.3% 25% 50% 75% 100%

Breast Glandular Glandular Glandular Glandular Glandular Glandular
Thickness (cm) Fraction Fraction Fraction Fraction Fraction Fraction

2 2.45 2.35 1.87 1.76 1.65 1.65

3 2.08 1.67 1.28 1.19 1.14 1.11

4 2.63 2.11 1.86 1.27 1.19 1.16

5 2.36 1.88 1.53 1.08 0.930 0.880

6 1.90 1.83 1.95 1.25 1.12 1.00

7 2.26 1.76 1.39 1.12 0.810 0.700

8 2.13 1.85 1.47 1.16 0.820 0.670

represent clinically encountered con-
ditions, nor of a reasonable material

to mimic its attenuation properties.
Furthermore, although reports have

included partial data on compressed
thicknesses for the same breast in the
craniocaudal and MLO views (28,29),
a comprehensive study on this rela-
tionship still needs to be performed.
Finally, it should be noted that MGD
does not communicate the large varia-
tion in local dose deposition, which, as
shown by Sechopoulos et al (14), can
vary from 15%-400% of the MGD.
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