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Abstract
Objective—The goal of this work was to evaluate a possible improvement in ultrasound
coverage for a dual-modality breast imaging system in the mammographic geometry.

Methods—A pilot study was performed to evaluate use of a rubber dam to retain ultrasound gel
and improve imaging coverage at the breast periphery on a combined imaging system consisting
of an ultrasound scanner and a digital x-ray tomosynthesis unit. Several dams were constructed to
encompass the shapes of various sizes of compressed breasts. Visual tracings of the breast-to-
paddle contact area and breast periphery were made for 8 breasts to estimate coverage area. Two
readers independently reviewed the resulting images and were asked to rate overall breast image
quality.

Results—The percentages of breast in contact with the paddle were larger (P <0.01) and the
linear dimensions of breast in contact with the paddle were bigger (P <0.05) using the rubber dam
than without it. With the dam the mean estimated area of the breast in contact with the paddle
increased 14%, while the mean increase in the fraction of the total breast area in contact with
paddle was 30%. The difference was due to the mean total projected area of the breast decreasing
12% as the dam was pressed against it. The image quality of automated ultrasound with the rubber
dam was consistently judged to be superior to that without the dam.

Conclusions—This method can enhance the absolute and percentage area of the breast in
contact with the paddle, reducing noncontact gaps at the breast periphery. Gently pressing the
breast periphery with the dam inserted toward the chest wall improves coverage in automated
breast ultrasound scanning.
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Introduction
Ultrasound has been found to be a valuable adjunct to mammography in the characterization
of breast lesions.1,2 However, conventional ultrasound imaging is performed freehand in a
different geometry than mammography, which can make it difficult to correlate lesions
between the two modalities. Studies have shown that at least 10% of the time, lesions found
in the ultrasound images do not correspond with those in the mammograms.3 False positives
are a particular problem when searching for secondary masses and for detection in high risk
or screening populations. 4,5

A combined X-ray/ultrasound system addresses these problems by first taking a 3-
dimensional (3D) digital x-ray image (tomosynthesis) of a compressed breast, then scanning
a high frequency (9 to 12 MHz) ultrasonic transducer across a special dual-modality
compression paddle while the breast is still under compression. This creates coregistered 3D
X-ray and 3D ultrasound images in the same imaging geometry.6,7 Dual-mode whole-breast
imaging also exhibits significant potential for advanced X-ray and ultrasound modes which
would provide additional information about breast tissues that is not available from
conventional ultrasound and mammography. For example, in its current configuration, X-ray
Digital Breast Tomosynthesis (DBT) replaces single projection digital mammography in the
combined system for 3D delineation of tissue structures and better correlation with the 3D
ultrasound.8 Initial results of the fusion of pulse echo Automated Breast Ultrasound (ABU)
and of DBT are promising, although there remain technical issues of breast coverage and
some acoustic coupling artifacts in the ABU. 8, 9

A major source of the coverage problems in performing automated ultrasound scans in a
dual-modality system is that there can be an appreciable air gap between the compression
paddle and the breast surface near the breast periphery.8, 10, 11 In our previous work, we
employed a viscous gel that was manually distributed with a syringe at the breast periphery
to address the air gap problem.8 In most of our patient studies where needed, we also taped a
thin strip of plastic film around the breast periphery to act as a dam to keep the viscous gel
in place. However, the effects of these dams were not quantified nor reported. The dams
employed in the present study are made of butyl rubber to provide an absorptive, minimally
reflecting surface to minimize artifactual reflections.

Materials and methods
This study was approved by the institutional review board and informed consent was
obtained from all subjects. Trials were performed on a combined system consisting of a GE
LOGIQ 9 ultrasound system (GE Health Systems, Milwaukee, WI) and a second-generation
GE/University of Michigan research DBT unit (Fig. 1). A linear matrix array ultrasound
transducer (GE M12L) operating at a center frequency of 12 MHz was translated across a
compression paddle with a motorized transducer carriage. This automated breast ultrasound
scanning system was developed jointly with GE.

The subject was seated comfortably throughout the scan to minimize motion artifacts and
fatigue, and the breast was positioned between the compression paddle and digital X-ray
detector. Instead of the solid TPX (polymethylpentene) compression paddle described
previously6–9, a fiber mesh paddle similar to a fine mesh tennis racquet was used in this
study12. This new paddle, similar to but with a finer mesh than one recently published,
makes acoustic coupling easier and better between the transducer and the breast surface. An
evaluation of various mesh paddle designs for our dual modality system will be presented in
the near future. A compression force of approximately 4 to 8 dN was typically used with the
dual-modality system to minimize subject discomfort while stabilizing the breast. Eight
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breasts of 4 female healthy volunteers were imaged with this combined system. The ages of
the 4 healthy volunteers ranged from 45 to 54 years (mean, 51 years). Two automated scans
of each breast were performed. One scan was conducted without using rubber dam. For the
second scan the rubber dam was deployed around the breast periphery and pushed a little
toward the chest wall. Bubble-free ultrasound gel was employed as the coupling medium
between the transducer and the breast surface through the fiber mesh compression paddle for
craniocaudal (CC) views.

Rubber dams were constructed by adhering two 0.2 cm thick plastic sheets to a strip of 0.15
cm thick butyl rubber. The dams were made to mimic the shape of the breast (Fig. 2).
Rubber is advantageous because it can reduce artifacts by absorbing ultrasound reflections,
but is too soft to use by itself. Plastic, on the other hand, is hard and maintains its structure,
but lends itself to artifacts. The combination of rubber supported by a plastic backing
maintains the advantages of both materials. Six dams were constructed to accommodate an
angle range from 30° to 120° with heights of 2.0, 2.5, 3.5, 4.0, 5.0, and 6.0 cm. The variable
angle of the V shape and height differences of these dams accommodate the different breast
sizes of patients.

To estimate the fraction of the breast surface area that was in contact with the compression
paddle, we employed a method described previously.8 In brief, thin transparency film was
placed on the compression paddle. Using a marking pen, the technologist made visual
tracings of the paddle-to-breast contact regions and the outer breast borders on those
transparencies. The tracings were drawn for 8 breasts both with and without using a rubber
dam. The tracings were then digitized with a flatbed scanner and analyzed using a public
domain computer program ImageJ (http://rsb.info.nih.gov/ij/docs/intro.html). The contact
and outer breast contours were traced by hand in ImageJ, and the areas calculated using the
measure function. Also, the lengths of the gaps between the border of the contact region and
the outer border of the breast in the tracings were measured at 5 different angles (30, 60, 90,
120 and 150º).

For both the “with” and “without” dam cases, after the contours were traced, the
transparencies were removed and ultrasound gel was distributed over the breast using a
syringe. The ultrasound translation system was lowered to the compression paddle so the
transducer was in contact with the gel/breast, and 3D ultrasound images were acquired. Two
readers independently reviewed the 3D ultrasound images in a blinded study. The images
were displayed using the ImageJ program. The readers were asked to rate overall breast
image quality, especially the breast coverage and image artifacts, on a scale of 1–5 with 1
being ‘Much better image quality without rubber dam’, 3 being ‘Equivalent image quality’
and 5 being ‘Much better image quality with rubber dam’.

Statistical analyses were performed with Excel (Microsoft Corporation, Redmond, WA).
Breast coverage-related parameters were calculated and reported as mean ± SD (standard
deviation). The coverage-related parameters derived from the scans using a rubber dam and
those derived from the scans not using the dam were compared by a paired two-tailed
Student’s t test. The level of significance was set to 0.05.

Results
An example of the visual traces of the breast-paddle contact areas and breast outer
boundaries for the “with” and “without” dam cases are shown in Figure 3.

The linear dimensions of the gaps between the border of the contact region and the outer
border of the breast in the tracings for the “with” and “without” dam cases are listed in Table
1.. For the 8 breasts in this study, the linear dimensions of the breast in contact with the
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paddle were larger, the noncontact gaps at the breast periphery were smaller, and the
percentages of the breast linear dimensions in contact with the paddle were larger using
rubber dam than those of without using the dam at all 5 different angles. Furthermore, the
differences in noncontact gaps at the breast periphery and percentages of breast in contact
with paddle between using a rubber dam and without using it were all statistically significant
(P < 0.05).

The percentages of the breast area in contact with the compression paddle from the visual
tracings are listed in Table 2. There were significant differences in breast area in contact
with paddle and total breast area between using a rubber dam and without using it (P < 0.05
and P <0.01, respectively). The breast areas in contact with paddle were larger (69.9 ± 46.7
cm2 vs. 61.2 ± 42.3 cm2 ) and total breast areas were smaller (88.5 ± 48.5 cm2 vs. 99.1 ±
49.1 cm2 ) using rubber dam than those of without using it. A significant difference was also
found in the percentages of the breast area in contact with the paddle between using rubber
dam and without using it (P < 0.01). The percentage of the breast area in contact with the
paddle was approximately 75.9% ± 8.8% (range, 64.3%–90.4%) with rubber dam usage, and
59.0% ± 9.2% (range, 48.3%–79.5%) without it.

With the dam the mean estimated area of the breast in contact with the paddle increased
14.4% ± 14.3%, while the mean increase in the fraction of the total breast area in contact
with paddle was 30.2% ± 18.7%. The difference was due to the mean total projected area of
the breast decreasing 11.7% ± 7.6% as the dam was pressed against it.

Figure 4 compares the relative image quality obtained with the automated ultrasound
scanning system using a rubber dam surrounding the breast periphery and without using it.
The rubber dam significantly improved breast coverage because it reduces gel slippage away
from the breast periphery.

The image quality of automated ultrasound using a rubber dam was consistently judged to
be superior to that without using it as the readers expressed a mean preference of 4.3 on a
scale of 1 to 5, with 5 being ‘much better image quality with a rubber dam’. Figure 5 shows
the two readers’ ratings of the ultrasound image quality.

Discussion
Ultrasound has been a valuable supplement to mammography in characterizing and even
detecting breast lesions in high-risk women, including particularly those with
mammographically dense breasts.2, 4, 13,14 Automated ultrasound in our current
implementation in the mammographic geometry probably cannot yet entirely replace clinical
hand ultrasound scans for screening purposes because of the presence of air bubbles in the
coupling medium, the lack of full breast volume coverage, possibly less than optimal
acquisition due to the practical limitation of employing only one or two (e.g., CC and MLO)
views of tissues of interest in the 3D scans, and the reduced compression when the whole
breast is compressed. However, less interpretation is required at the time of scanning and
anatomic correlation of ultrasound with mammography or tomosynthesis aids the
radiologist’s evaluation of a suspicious mass in the human breast and raises the confidence
level of his or her assessment.

As discussed in a previous study,8 if gel does not liberally fill the gaps between the breast
and the compression paddle at the breast periphery, ultrasound coverage can be limited to
only half of the total breast area for the combined x-ray/ultrasound imaging system.
Coverage of the periphery can be critical because 73% of malignant lesions in breasts of
women under 50 have been found at the periphery of the breast, as defined by a zone 1 cm
wide within the subcutaneous fat or anterior to the retromammary fat.15
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Use of the here-introduced rubber dam enhanced the percentages of breast (tissue) area in
contact with the paddle by 30%, without changing the compressed breast thickness. Use of
the dam resisted gel slippage, and (probably) reduced reverberations in the gel by absorbing
some of the extraneous ultrasound. Retained gel at the periphery of the breast allowed better
imaging of the subareolar region. The overall image quality of automated ultrasound using
the introduced rubber dam was consistently judged to be superior to that without using it.
The gel could be easily dispensed to the breast periphery when using the rubber dam with
(probable) reduction in air bubbles as well. The variable angle (shape) capability and height
differences of the rubber dams accommodate the different breast sizes. The dam can be
easily pushed toward the chest wall and as long as the pushing against the breast is not too
forceful, posterior movement of breast tissues outside of the ultrasound scanning range is
not likely, and spatial correlation between structures in the ABU and the DBT, taken before
deployment of the dam, are not affected greatly.

Finally, it should be noted that in our study, artifact reflections were sometimes observed in
the ABU images with the dams. These reflections arise due to grazing incidence of the
ultrasonic waves on the flat rubber surface of the dam. The reflections could be reduced by
utilizing a sawtooth or other rough pattern on the rubber surface. Also in this study, some
variability in measurements was caused by the protective cowling for the tomosynthesis,
though particular care was taken to reposition the same breast consistently. We are in the
process of replacing the current cowling with a more ergonomic one.

In summary, the rubber dam method in ABU in the mammographic geometry increases
breast coverage by shaping the breast and retaining gel at the periphery to reduce noncontact
gaps. The image quality of automated ultrasound using the rubber dam was superior to that
without its use.
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Fig. 1.
A, Dual modality combined system consisting of a GE LOGIQ 9 ultrasound system and a
second-generation GE digital tomosynthesis unit. B, Breast-simulating phantom illustrating
an air gap between the phantom and the compression paddle at the periphery.

Li et al. Page 7

J Ultrasound Med. Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 2.
Rubber dams constructed by adhering two 0.2 cm thick plastic sheets to a strip of 0.15 cm
thick butyl rubber and a rubber hinge (A,B). The inside shape adequately mimics that of the
breast in this lateral view (C) as well as other views.
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Fig. 3.
Visual tracings of regions of the breast in contact with the paddle (inner curves) and outer
breast borders in the same breast. A, without rubber dam the percentage of the breast area in
contact with the paddle is smaller, about 55.2%. B, using rubber dam with slight
compression force, the percentage of the breast area in contact with the paddle is larger,
approximate 70%.
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Fig. 4.
A, Single slice of a gray scale image volume without rubber dam around the breast border.
B, Same image slice, using rubber dam surrounding the breast periphery, the rubber dam
significantly improved breast coverage.
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Fig. 5.
Ultrasound image quality ratings for 8 cases by two readers. A scale of 1 to 5 was used,
where a rating of 1 was equivalent to ‘Much better image quality without rubber dam’ and a
rating of 5 was equivalent to ‘Much better image quality with rubber dam’.
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