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Description

Related Application

Field

[0001] The subject technology generally relates to
mammography and, more particularly, to spatially regis-
tering sequential mammographic images of the same
breast.

Background

[0002] Annual screening of mammograms is a medi-
cally recommended procedure for early detection of
breast cancer in, for example, women 40 years of age or
older. Unfortunately, this procedure can be subject to
false positives and some missed cancers, especially
among premenopausal women.

Summary

[0003] DocumentUS20080279330 discloses an appa-
ratus and a method for alignment of optical and x-ray
breast images.

[0004] The invention is defined in the independent
claims 1 and 16.

[0005] The subject technology focuses on mammog-
raphy, but is not restricted to that application. In mam-
mography, the subject technology involves spatial regis-
tration of sequentialimages of the same breast. In a prop-
er registration of two mammograms, deviations of the
pixel values at corresponding positions in the two mam-
mograms will signify a growth, damage or diseased tis-
sue in the breast at that position.

[0006] A “fiducial marker" in the subject technology is
any natural or artificially implanted object or stain in the
breast tissue that can provide a reference point where
the two successive mammograms can be made to coin-
cide with high precision. A small tattoo on the skin or a
recognizable punctate calcification are examples of pos-
sible fiducial markers.

[0007] In one embodiment of the subject disclosure, a
system for breastimaging may comprise a first compres-
sion member, a second compression member, a firstim-
age sensor, a second image sensor and an alignment
system. The first compression member may be config-
ured to contact a first side of a breast. The second com-
pression member may be configured to contact a second
side of a breast thatis substantially opposite the first side.
The first image sensor may be coupled to the first com-
pression member and may be configured to detect a po-
sition of a first fiducial marker located at the first side of
the breast. The second image sensor may be coupled to
the second compression member and configured to de-
tect a position of a second fiducial marker located at the
second side of the breast. The alignment system may
receive information from at least one of the first and sec-
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ond image sensors and, based on the information, facil-
itate an alignment of the firstand second fiducial markers.
[0008] Insome embodiments, the system further com-
prises a positioner that, based on the information, moves
atleastone ofthe firstand second compression members
such that the breast is moved to align the first and second
fiducial markers.

[0009] Insome embodiments, the system further com-
prises the first fiducial marker, wherein the first fiducial
marker is configured to be placed within about 1 cm of a
skin surface at the first side of the breast.

[0010] Insome embodiments, the system further com-
prises the second fiducial marker, wherein the second
fiducial marker is configured to be placed within about 1
cm of a skin surface at the second side of the breast,
different than the first side.

[0011] In some embodiments, the first compression
member comprises a paddle.

[0012] In some embodiments, the first and second fi-
ducial markers comprise one or more tattoos.

[0013] In some embodiments, the first and second fi-
ducial markers are not visible to the natural eye.

[0014] In some embodiments, the first and second fi-
ducial markers are visible to the natural eye when subject
to ultra-violet illumination.

[0015] In some embodiments, the first and second fi-
ducial markers are radiopaque.

[0016] In some embodiments, the alignment system
comprises imaging software configured to further facili-
tate alignment of the first and second fiducial markers.
[0017] Insome embodiments, the system further com-
prises an electromagnetic radiation system to generate
electromagnetic radiation to facilitate generation of an
image of the breast.

[0018] In some embodiments, the electromagnetic ra-
diation comprises x-rays.

[0019] Insome embodiments, the system further com-
prises at least a first radiographic image acquisition plat-
form configured to acquire a first radiographic image of
the breast at an initial time.

[0020] Insome embodiments, the system further com-
prises a second radiographic image acquisition platform
configured to acquire a second radiographic image of the
breast at a subsequent time from the initial time.

[0021] Insome embodiments, the system further com-
prises a subtraction radiography system configured to
subtract the first radiographic image from the second ra-
diographic image to facilitate detection of radiographic
changes in the breast that have occurred between the
initial time and the subsequent time.

[0022] Some embodiments include a method for
breast imaging comprising the steps of contacting a first
side of a breast with a first compression member and
contacting a second side of a breast that is substantially
opposite the first side with a second compression mem-
ber. The method further comprises the steps of detecting
a position of a first fiducial marker located at the first side
of the breast with a firstimage sensor, coupled to the first



3 EP 2 582 304 B1 4

compression member and detecting a position of a sec-
ond fiducial marker located at the second side of the
breast with a second image sensor, coupled to the sec-
ond compression member. The method further compris-
es the steps of aligning information at an alignment sys-
tem from at least one of the first and second image sen-
sors and based on the acquired information, aligning the
first and second fiducial markers.

[0023] In some embodiments, the aligning comprises
moving at least one of the first and second compression
members such that the breast is moved to align the fidu-
cial markers based on the information received.

[0024] In some embodiments, the method further com-
prises the step of placing the first fiducial marker within
about 1 cm of a skin surface at the first side of the breast.
[0025] Insome embodiments, the method further com-
prises the step of placing the second fiducial marker with-
in about 1 cm of a skin surface at the second side of the
breast.

[0026] Insome embodiments, the method further com-
prises the step of aligning the first and second fiducial
markers with imaging software.

[0027] Insome embodiments, the method further com-
prises the step of, generating electromagnetic radiation
to generate a radiographic image of the breast.

[0028] Insome embodiments, the method further com-
prises the step of acquiring a first image of the breast at
an initial time.

[0029] Insome embodiments, the method further com-
prises the step of acquiring a second image of the breast
at a subsequent time from the initial time.

[0030] Insome embodiments, the method further com-
prises the step of subtracting the first image from the
second image to detect changes in the breast that have
occurred between the initial time and the subsequent
time.

[0031] Itis understood that other embodiments of the
subject technology will become readily apparent to those
skilled in the art from the following detailed description,
wherein various embodiments of the subject technology
are shown and described by way of illustration.

[0032] Accordingly, the drawings and detailed descrip-
tion are to be regarded as illustrative in nature and not
as restrictive.

Brief Description of the Drawings

[0033] The accompanying drawings, which are includ-
ed to provide further understanding of the subject tech-
nology and are incorporated in and constitute a part of
this specification, illustrate aspects of the subject tech-
nology and together with the description serve to explain
the principles of the subject technology.

FIG. 1is adiagram illustrating an example of aninitial
mammogram ("Mammo 0") at time t = 0.

FIG. 2 is a diagram illustrating an example of a sub-
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sequent mammogram ("Mammo T") at time t=T.

FIG. 3 is a diagram illustrating an example of the
subtraction of Mammo 0 of FIG.1 from Mammo T of
FIG. 2.

FIGS. 4, 5 and 6 are exemplary images illustrating
locations of pairs of opposing invisible tattoos in a
patient’s breast.

FIG. 7 is an example of a schematic representation
of one aspect of an image acquisition architecture.

FIG. 8 is an example diagram illustrating a front view
of four tattoos for a CC image.

FIG.9illustrates an exemplary process for suppress-
ing translation and rotation distortions using four tat-
toos per mammogram.

FIG. 10 illustrates an example of a breast com-
pressed between two plates translucent to ultraviolet
light.

FIG. 11 illustrates an example of a flexible clear plas-
tic alignment with straight edge configured to facili-
tate precise alignment of the breast.

FIG. 12 illustrates exemplary x-ray images of two
linear arrays of tattooed dots projected onto an x-ray
sensitive plate, where adjacent dot-pairs are equi-
distant apart.

FIG. 13 illustrates an example of a simplified tattoo-
based registration architecture or system.

FIG. 14 illustrates an example of an xy-adjustable
paddle.

FIG. 15 illustrates an example of a mammography
unit.

FIG. 16 illustrates an example of a transparent pad-
dle and sensor platform.

FIG. 17 illustrates an example positioning micro-
scope stage.

FIG. 18 illustrates an example of a compressed ar-
tificial spherical model of breast tissue with opposing
tattoos aligned vertically along the x-ray beam.

FIG. 19 illustrates a front view of a compressed
breast with planar layers containing two calcifica-
tions shifted to the right.

FIG. 20 illustrates examples of distorted locations of
the two intermediate calcifications, and a narrowing
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of the intermediate diameter of the breast.

FIG. 21 is an exemplary illustration of horizontally or
vertically spaced pair of pixels tied by a computer-
simulated nonlinear spring.

FIG. 22 is an example plot of a monotonic nonlinear
function f(x) that represents the character of the com-
puter-simulated nonlinear springs.

FIG. 23 illustrates an example comparison of the pix-
el values along the solid straight line from Tattoo A
to Tattoo B inimage M0 and along the transformation
of the line in image MT after completion of transfor-
mation 3.

FIG. 24 is an exemplary diagram illustrating tattoos
used for modeling the positions of unmatched pixels
in addition to the tattoos used for matching pixels to
facilitate modeling of the warping of the breast in the
digital skin.

FIG. 25 illustrates an example of a computer-simu-
lated spring loaded three dimensional pixel.

Detailed Description

[0034] The detailed description set forth below is in-
tended as a description of various embodiments of the
subject technology and is not intended to represent the
only embodiments in which the subject technology may
be practiced. The appended drawings are incorporated
herein and constitute a part of the detailed description.
The detailed description includes specific details for pro-
viding a thorough understanding of the subject technol-
ogy. However, it will be apparent to those skilled in the
art that the subject technology may be practiced without
these specific details. In some instances, well-known
structures and components are shown in block diagram
form in order to avoid obscuring the concepts of the sub-
ject technology. Like or similar components may be la-
beled with identical element numbers for ease of under-
standing or it may indicated in the disclosure that one
component may be an example of a different component.
[0035] Embodiments of the subject technology may be
designed to overcome the errors in screening premeno-
pausal women, for example, and in particular to reduce
the number of false positives.

[0036] In some embodiments, two mammograms of a
breast, each mammogram produced in exactly the same
breast position, the same mammography unit, and the
same electronic settings, but several months apart are
obtained. Under ideal conditions, the second mammo-
gram may be like the first mammogram, except for the
appearance of a new growth or lesion. This ideal condi-
tion is illustrated in FIG. 1 and 2. FIG. 1 shows an initial
mammogram ("Mammo 0") at an initial time t=0 100. FIG.
2 is a mammographic image depicting an example of a
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subsequent mammogram ("Mammo T") at a later time
t=T. Mammo T may be an example of the same breast
tissue, when perfectly aligned with the tissue of the initial
mammogram, showing the breast tissue and a model
growth in the shape of "O" 102. In some embodiments,
the absolute value of the difference between Mammo 0
and Mammo T is the growth O 102. This difference is
shown in FIG. 3. This difference reveals the lesion, for
example growth O 102, which grewin the interval 0 <t<T.
[0037] One practical challenge includes placing the
breast in exactly the same position to acquire Mammo 0
and Mammo T. Consequently, the growth of a lesion may
often be obscured in the subtracted image, namely Mam-
mo 0 minus Mammo T.

[0038] In one aspect of the subject technology, fiduci-
ary markers, for example invisible tattoos, may be im-
planted in the breast to enable accurate repositioning of
the breast, and consequently improve the subtraction of
Mammo 0 from Mammo T. Experiments both with artifi-
cial breast models and in vivo may be implemented to
establish the practical feasibility of the improved subtrac-
tion.

[0039] Various subtraction technologies may be imple-
mented in conjunction with the subject technology. One
aspect of the subject technology comprises a form of
temporal subtraction radiography. Temporal subtraction
radiography can be a form of digital mammography and
may be defined as the subtraction of one radiographic
image from a subsequent image. Temporal subtraction
radiography may be useful in detecting radiographic
changes, which have occurred during an intervening time
interval. Temporal subtraction radiography may be eas-
ier to accomplish when the time interval between two
sequential radiographsis small, e.g., afew seconds. With
a longer intervening duration of time, non-identical pa-
tient positions add another dimension of a challenge to
temporal subtraction.

[0040] Digital subtraction angiography (DSA) may be
a form of temporal subtraction radiography. DSA may be
accomplished by first taking a baseline digital radiograph
(the mask) of a patient’s anatomy and then immediately
afterwards (with no movement of the patient) injecting
radiopaque contrast agent in the patient’s anatomy and
taking additional radiographs of the patient’'s anatomy.
When the patient does not move during the procedure,
the anatomical structures seen in the mask radiograph
can be subtracted from the subsequent images thereby
providing exquisitely detailed results. Because the back-
ground anatomy is subtracted, the remaining contrast-
enhanced vessels are revealed in amplified detail.
[0041] Digital subtraction may improve the sensitivity
or accuracy of radiographs, for example chest x-rays,
obtained at widely separated times. However, change in
patient positioning, body size and shape over months or
years results in misregistration of the radiographs and
thus poor subtraction results. One approach may include
use of software to align a patient’s osseous landmarks
(ribs and vertebrae) by means of non-linear warping of
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aradiographic image. After such a realignment and sub-
traction of two images, subtle pulmonary nodules should
become more obvious.

[0042] The mammographic search for breast cancer
calcificationsis an unrealized potential application. Some
embodiments of the subject technology utilize temporal
subtraction radiography to improve or realize the poten-
tial for mammographic search for breast cancer calcifi-
cations. Some of the challenges encountered in mam-
mography tests include the fact that the breast tissue is
devoid of reliable radiographic anatomic landmarks. Oth-
er challenges include: 1) time intervals of a year or more
between routine screening mammograms; 2) a lack of
osseous anatomic landmarks, which would otherwise
help align two asynchronous mammograms; and 3) the
very small size of micro-calcifications associated with
breast cancer. Some embodiments of the present tech-
nology may overcome at least some of these challenges.
[0043] In some embodiments of the subject technolo-
gy, anarchitecture or apparatus and a procedure or meth-
od that uses the architecture to enhance the sensitivity
and specificity or accuracy of detecting breast lesions
obscured by fibroglandular tissue, for example, are de-
scribed.

[0044] In some embodiments, one or more fiduciary
markers, e.g., one or more tattoos, which may be invisible
under normal circumstances, may be implanted in the
breastto enable accurate repositioning of the breast. The
one or more tattoos may be visible to the naked eye under
ultra-violet light illumination or may be radiopaque. One
or more methods or processes may be used to align and
orient the breast between one or more positioning pad-
dles of a mammography machine. For example, imaging
software (e.g., non-linear warping) may be used to align
two radiographic images of a breast.

[0045] One or more methods, architectures, or proc-
esses may be used to subtract an initial mammography
or radiographic image at an initial time from a second
mammography or radiographic image at a subsequent
or later time. In some embodiments, enhancement soft-
ware may be used to increase the sharpness or improve
the accuracy of the subtracted image. In other embodi-
ments, iterative geometric optimization and statistical in-
ference, for example, may be used to repeatedly improve
the matching of parts of objects that appear in both radi-
ographic images. These processes can be done step-
wise over separate sections of the mammogram or glo-
bally over the entire mammogram. The technique de-
scribed herein can also be implemented in other appli-
cations such as mammographic tomosynthesis and fo-
rensic face recognition.

[0046] In general, the breast is placed between two
pressure plates (e.g., Plate 1 and Plate 2), sometimes
called paddle and platform. In some embodiments, one
or more pressure plates are used for placing the breast.
In other embodiments, the patient’s breasts and the pres-
sure plates can be modified to enable accurate subtrac-
tion of successive mammograms of the same breast.
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[0047] FIGS. 4, 5 and 6 are exemplary images illus-
trating locations of pairs of opposing invisible tattoos 202
in a patient’s breasts 200. In particular, FIG. 4 illustrates
an example of a side view of tattoo locations for a crani-
ocaudal (CC) view, for example, and FIG. 5 illustrates an
example of a top view of tattoo locations for mediolateral
oblique (MLO) view. FIG. 6 illustrates an example of a
front view of tattoo locations for CC and MLO view. For
clarification purposes, distinctive tattoo shapes have
been used to distinguish tattoos adjacent to Plate 1 from
tattoos adjacent to Plate 2. In FIGS. 4 to 6, triangular
tattoos are placed adjacent to Plate 1, and star-shaped
tattoos are placed adjacent to Plate 2. In some embodi-
ments, one or more tattoos may be implemented for each
view. In other embodiments, two or more tattoos may be
implemented for each view. The technique described
herein may be described as tattoo-aided subtraction ra-
diography.

[0048] FIG. 7 is an example of a schematic represen-
tation of one aspect of an image acquisition architecture.
In particular, FIG. 7 illustrates two tattoos 202 on opposite
sides of a breast 200 placed between two pressure plates
300, as well as two removable cameras 302, including
is some embodiments, an illuminator ring 304, lens 3086,
and high resolution image sensor 308, to help compute
and control the positions of the two tattoos for mammo-
graphic imaging. In each camera, an image is detected
and stored in an electronic sensor array.

[0049] One aspect of the subject technology, provides
a way of determining the positions of the two tattoos in
Mammo T (see, FIG. 2), and realigning the tattoos in
Mammo T to match those in Mammo O (see, FIG. 1). The
realignment may enable the display of abnormal growths
by subtracting Mammo 0 from the realigned Mammo T.
[0050] Other embodiments of the subject technology
enhance the visibility of abnormalities in breast imaging
by improving the registration of successive mammo-
grams. Repositioning the breast for two successive mam-
mograms of the same breast may be carried out by con-
trolling the following variables: d represents the distance
between Plate 1 and Plate 2, (x1, y1) represents the po-
sition of the center of the tattoo image on Plate 1, and
(x2, y2) represents the position of the center of the tattoo
image on Plate 2.

[0051] In some embodiments, the process of reposi-
tioning the breast for two successive mammograms may
include aligning the center of the axis of an x-ray beam
so that it passes through the origins of the two image
sensor arrays, (x1, y1) = (x2, y2) = (0, 0), of Camera 1
and Camera 2. The process further can include, at time
t=0, placing the patient’s breast between the two Plates
and measuring the value of d, denoted by d(0), for ex-
ample. The process also preferably includes, at time t =
0, measuring and storing the positions of the two tattoos:
(x1(0), y1(0)) and (x2(0), y2(0)). The vector displacement
(x2(0) - x1(0), y2(0) - y1(0)) may be denoted by Q. An
additional step is to obtain and store Mammo 0. In a fur-
ther step of the process, Plate 1 is moved so that the
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tattoo of Mammo 0 at Plate 1 is imaged at the origin of
the sensor array of Camera 1. Further, Plate 2 may be
moved so that the tattoo of Mammo 0 at Plate 2 can be
imaged at location Q in the sensor array of Camera 2.
[0052] In some embodiments, the process further in-
cludes, at time t=T, placing the patient breast between
the two plates, setting d(T) = d(0) and measuring and
storing the position of the tattoo at Plate 1, i.e., (x1(T),
y1(T)). In some embodiments, a further step of the proc-
ess includes that Plate 2 can be moved in the xy domain
so that (x2(T), y2(T)) = (x1(T), y1(T)) +Q, then obtaining
and storing Mammo T. The process then, in some em-
bodiments, continues to a further step, where Plate 1 can
be moved so that the tattoo of Mammo T at Plate 1 can
be imaged at the origin of the sensor array of Camera 1.
The process also preferably includes moving Plate 2 so
thatthe tattoo of Mammo T at Plate 2 isimaged atlocation
Q in the sensor array of Camera 2.

[0053] In some embodiments, the process assures
that the imaging optics for the tattoos are unchanged
from Mammo 0 to Mammo T. In a further step of the
process, a Gaussian filter may be used to suppress high-
frequency noise in Mammo 0 and Mammo T. In some
implementations, subcutaneous marks in combination
with the nipple and the breast boundary can be used as
a means of correcting small changes in gross shape of
the breast in moving from one mammogram of a breast
to a second mammogram of the same breast. In some
embodiments, a correction for average density of the two
images of the breast may be implemented (e.g., the cor-
rection may require that the two average densities are
the same).

[0054] In some embodiments, some or all pixels or
small blobs including densities equal to or exceeding
those of typical microcalcifications are retained and the
adjusted images are denoted as Mammo 0a and Mammo
Ta. In another exemplary step, the process can include
computing and storing | Mammo 0a - Mammo Ta |, i.e.
the absolute value of the difference between Mammo Oa
and Mammo Ta. In some embodiments, the subject tech-
nology enhances the visibility of abnormal growth in |
Mammo 0a - Mammo T, |.

[0055] Repositioning the breast, for example at a sub-
sequent time, may produce nonuniform distortions be-
cause the breast is composed of soft tissue. The distor-
tions may include distortions in a plane perpendicular to
the x-ray axis such as translation and rotation distortion.
Each of these types of distortions can appear in Plate 1
and Plate 2 in different amounts. In some implementa-
tions of the subject technology, additional tattoos can be
used to overcome various combinations of these distor-
tions. Translation distortion may be overcome, for exam-
ple, by using two or more tattoos perimage, as described
above.

[0056] Forrefinement of the subjecttechnology, Plates
1 and 2 can be adjusted by translations and rotations in
the xy plane. Plates 1 and 2 can also be adjusted by
translations and rotations in the xyz plane or other rota-
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tional planes. Translation and rotation distortions may be
suppressed by using four tattoos, for example, as illus-
trated in FIG. 8. In particular, FIG. 8 is an example dia-
gram illustrating a front view of four tattoos 202 in a pa-
tient’s breast 200 for a CC image.

[0057] FIG. 9illustrates an exemplary process for sup-
pressing translation and rotation distortions using four
tattoos per mammogram. Some aspects of the subject
technology in include analysis of two CC views; one view
at time t=0 and the other at time t=T. In some embodi-
ments, each line segment of FIG. 9 joins a pair of tattoo
images in the same Plate and each of the two Plates
contributes its own distortion. The distortions associated
with the two Plates may be separated in two parts: (i)
distortions associated with Plate 1, and (ii) additional dis-
tortions associated with Plate 2.

[0058] In some embodiments of the subject technolo-
gy, registration of distortions may be suppressed. An ex-
ample of such suppression is illustrated with respect to
FIG. 9, as follows. In FIG. 9, consider the top row of im-
ages of line segments. The t;q line segment in this row
joins two tattoos in Plate 1 at t=0, namely n1(0) and 1(0).
The t;; line segment joins two tattoos in Plate 1 at t=T,
namely n1(T) and o1(T). The third row of images in FIG.
9 depicts the suppression of translation distortion in Plate
1 by translating Plate 1 at time T so that 71(0)= =1(T).
The outcome of this translation is depicted in the third
row of FIG. 9 by translating the t; line segment until the
upper endpoints of the t;; and t;4 line segments coincide.
In a similar manner, the outcome of the suppression of
translation in Plate 2 is depicted in FIG. 9 by translating
the t4 line segment until the upper endpoints of the t,
line segment and ty4 line segment coincide.

[0059] The fourth row of images in FIG. 9 shows the
suppression of rotation distortion in Plate 1 by rotating
Plate 1 around the upper endpoint of the t,, line segment
until the direction of the vector [n1(T), c1(T)] matches the
direction of the vector [21(0), 1(T)]. This match is shown
in FIG. 9 by the coincidence of the direction of the t4 line
segment with the direction of the tj line segment. The
fifth row of images in FIG. 9 shows the suppression of
rotation distortion in Plate 2 by rotating Plate 2 around
the upper endpoint of the t,4 line segment until the direc-
tion of the t,4 vector [12(T), 62(T)] matches the direction
of the tyy vector [12(0), 52(0)]. This match is shown in
the fifth row of FIG. 9 by the coincidence of the direction
of the t,4 line segment with the direction of the ty, line
segment.

[0060] In some embodiments of the subject technolo-
gy, theregistration distortions may include subcategories
of registration distortions. Some examples of subcatego-
ries of translation are slide and roll, and some examples
of subcategories of rotation are spin and twist. In some
embodiments, two subcategories of registration distor-
tion for translation, and two subcategories for rotation,
may be visualized depending on whether the distortions
in Plates 1 and 2 are equal or unequal. If the translation
distortion in Plate 1 is equal to the translation distortion
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in Plate 2, the distortion may be equivalent to a rigid slide
of the breast from one image formation to the next. If the
translation distortions in Plate 1 and 2 are not equal, the
distortions may be equivalent to a combination of a rigid
slide and a nonrigid roll. In a roll, the skin of the breast
rolls, or is moved about one or more axes between the
plates, much like the motion of a chain tread wrapped
around two wheels (as in a farm tractor, for example).
[0061] In some embodiments, if the rotation distortion
in Plate 1 is exactly equal to the rotation distortion in Plate
2, the distortion may be equivalent to a rigid spin of the
breast around an axis perpendicular to the x-ray beam
or imaging x-ray. In some embodiments, the spin may
be perpendicular to a line of sight of an imaging device
for mammographic imaging. The spin can also be per-
pendicular to the xyz axis or some other axis of Plate 1
and/or Plate 2 and/or of the imaging device. If the rotation
distortions in Plates 1 and 2 are not equal, the distortions
are equivalent to a combination of a rigid spin and a non-
rigid twist. In a twist, the skin of the breast adjacent to
Plate 1 and the skin of the breast adjacent to Plate 2 are
rotated in opposite directions (clockwise and counter
clockwise, for example).

[0062] In some embodiments of the subject technolo-
gy, more than four tattoos per image may be used to
overcome complex geometric transformations in succes-
sive imaging of the same breast as illustrated in FIGS.
10 to 12. In the embodiments illustrated in FIGS. 10 to
12, the breast includes twelve tattoos: six tattoos next to
an upper plate, and six tattoos next to a lower plate. In
particular, FIG. 10 illustrates an example of a breast 200
compressed between two plates 300 translucent to ul-
traviolet light. Each tattoo may be configured to fluoresce
under ultraviolet illumination. In some embodiments, the
upper six tattoos 202 may be arranged in three pairs and
each pair may be oriented perpendicular to the nipple-
chest axis. The lower six tattoos 202 may be oriented in
three pairs and each pair may be oriented parallel to the
nipple-chest axis. In some embodiments, the number of
tattoos may be more than six or less than six. For exam-
ple, the number of tattoos can be 1, 2, 3,4, 5, 7, 8 or
more, on one or both sides of the breast. In some em-
bodiments, a single tattoo can be used that has the spe-
cific design that accomplishes the same purpose as mul-
tiple tattoos.

[0063] Ultraviolet lightillumination and a flexible plastic
alignment tool 310 shown in FIG. 11 may assist in the
precise alignment of the breast. FIG. 12 shows how the
superposed x-ray images of the upper and lower arrays
of tattoos 202 can help achieve precise positioning of the
breastin preparation of subtraction of two temporally sep-
arated mammograms. Before subtracting the two tem-
porally spaced mammograms, a user, e.g., a radiologist,
may adjust the two compression plates, or paddles, so
that fibroglandular tissue in the two mammograms pre-
cisely overlaps. In some embodiments of the subject
technology, multiple tattoos may be used to overcome
complex geometric distortions in successive imaging of
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the same breast. In addition, iterative adaptive proce-
dures may be used to suppress the additional distortions
revealed by the multiple tattoos.

[0064] Referringto FIG. 13, an example of a simplified
tattoo-based registration architecture or system is illus-
trated. In some embodiments of the simplified tattoo-
based registration architecture or system, the visible-light
cameras are eliminated, and registration distortions are
corrected with the aid of x-ray imaging. In some embod-
iments of the simplified tattoo-based registration archi-
tecture or system, the paddle may be adjusted in the xy
plane such that the relative positions of the two tattoos
202inabreast200 attime t=T are identical to theirrelative
positions at t=0. The paddle may be referred to as a xy-
adjustable paddle 312. One example of an adjustable
paddle is a Hologic "contact paddle" 314 illustrated in
FIG. 14.

[0065] Some embodiments of the subject technology
use invisible tattoos on a breast as permanentreferences
for accurate repositioning of the breast. The invisible tat-
toos may be configured to enable enhancement of visi-
bilities of abnormal growths after subtraction of succes-
sive mammograms. The tattoos may be based on a mod-
ification of a technique described in Richard R. Anderson,
et al., Permanent, removable tissue markings, U. S. Pat-
ent No. 6814760 ("Richard").

Richard describes a "removable tattoo ink" comprising
micro particles with a capsule containing water soluble
colored ink. The micro-particles can be made in many
different non-toxic colors and injected into the dermis to
create a permanent visible but removable decorative tat-
too. Some aspects of the subject technology use micro-
particles that create permanent, minimally diffusible, in-
visible radiopaque or fluorescent tattoos. The capsule
can be designed so that when a specific wave length of
intense light (e.g., a laser) is focused on the tattoo, the
capsule ruptures, releasing the pigment that is then ab-
sorbed systemically and excreted. Thus, the proposed
tattoos can be removed without scarring if requested by
the patient.

[0066] The feasibility of some aspects of the subject
technology may be tested or verified using different phys-
ical models. One example of a physical model comprises
a digital mammography unit, e.g., Hologic Selenia Full
Field Digital Mammography Unit, positioning microscopic
stage, e.g., a Modified adjustable Hologic Selenia Con-
tact Paddle or Semprex Corporation manual fine posi-
tioning microscope stage, and a radiological breast phan-
tom, e.g., California Medical Innovations radiological
breast phantom. The radiological breast phantom may
be a fabricated custom breast phantom that simulates
the flexibility and softness of human breast. The Hologic
Selenia Mammography Unit is illustrated in FIG. 15. A
close-up of the paddle 312 and the sensor platform 314
is shown in FIG. 16. Some embodiments include a fine-
positioning microscope stage 316, as shown in FIG. 17.
One example of a microscope is made by Semprex®.
The positioning microscope stage may comprise a 16.51
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cm (6.5-inch) by 16.51 cm (6.5-inch) glass window, which
may be transparent to x-rays. This microscope stage can
be attached firmly to a frame of the mammography unit.
In some embodiments, a suitable attachment device may
be constructed for the microscope unit or microscope
stage. In other embodiments, an alternative to the micro-
scope stage may be constructed by modifying a contact
paddle manufactured by Hologic™, for example, for use
on a mammography unit such as the Hologic Selenia
Mammography Unit. An example of such a paddle 312
is illustrated in FIG. 14. The paddle may be modified to
make it adjustable in units of 0.1 mmin a horizontal plane.
[0067] The following experiment may be carried out on
the breast phantom to demonstrate the effectiveness, in
conjunction with the phantom, of embodiments of the
subject technology, using the four tattoo arrangement of
FIG. 8. The four tattoos can be identified by a name, e.g.,
TAT1, TAT2, TAT3, and TAT4. At t=0 an x-ray image
may be produced of the breast phantom. In the x-ray
image, the vector positions of all of the tattoos may be
measured as described above with reference to FIG. 7
and the following description of detection enhancement.
In the x-ray image, each of the tattoos may be marked
by their names. The tattooed breast phantom can then
be removed and manually placed in the paddle close to
the position at t=0. At t=T, a second x-ray image of the
breast phantom may be produced. Similar to the preced-
ing image, each of the tattoos may be marked by their
names.

[0068] The marked x-ray images at =0 and t=T, may
be referred to as MO and MT, respectively. Comparing
MO and MT, Plate 1 may be adjusted to produce a third
Image MT’ so that the marked tattoos in MT’ coincide
with those in MO. The microcalcifications in successive
images can also be matched. The tattoos and microcal-
cifications may be referred to as critical points. The me-
chanical method sketched in FIG. 9 can serve as a guide
for this process, but manual identification may also sup-
plement this process. Matching of the noncritical points
in MO and MT may be carried out by iterative geometric
optimization - a form of machine learning. For further in-
formation on iterative geometric optimization techniques,
see Richard O. Duda, et al., Pattern Classification, Sec-
ond Edition, John Wiley & Sons, New York, 2001, Section
10.8, pp. 548-550 and Kenichi Kanatani, Yasuyuki Su-
gaya, "Performance evaluation of iterative geometric fit-
ting algorithms," Computational Statistics & Data Analy-
sis, Volume 52 , Issue 2, October 2007, pp. 1 1208-1222.
[0069] The following includes a description of an ex-
emplary iterative geometric optimization for registering
successive radiographic images (i.e., mammograms) of
a phantom breast or a breast in vivo. The breast or phan-
tom may be marked by punctate tattoos, and the succes-
sive images may undergo complex nonlinear transfor-
mations. The breast or phantom may be modeled as an
inflatable and deflatable balloon covered by a uniformly
spaced layer of pixels (i.e., a digital "skin"). When the
breast is compressed by two parallel paddles, the pixels
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of the digital skin contacted by each paddle form rectan-
gular arrays.

[0070] In some embodiments, every pair of vertically
or horizontally adjacent pixels in this array is spaced 100
pm (0.1 mm) apart, which is small enough to resolve
most mammographic microcalcifications. Each horizon-
tally or vertically spaced pair of pixels may be tied by a
nonlinear spring 400, as illustrated in FIG. 21. These
springs can simulate the elastic warping of the digital skin
produced by changes in position of the breast or breast
phantom betweenthe paddles fromtime O totime T. Each
spring can be characterized by a monotonic nonlinear
function f(x), where x denotes tension (pull) or compres-
sion (push), and f(x) denotes extension or shortening of
the spring. The function f(x) may or may not be symmetric
with respect to the origin. FIG. 22 shows an example of
f(x). Each box in this array stores a measure of the bright-
ness of the mammogram at the pixel’s location. Some of
the pixels are marked by distinctively recognizable punc-
tated tattoos.

[0071] When two successive mammograms are pro-
duced, subtraction of the two mammograms may be im-
plemented by subtracting the brightness of correspond-
ing pixels. The corresponding pixels may be found by
matching the corresponding tattoos by a sequence of
transformations. In transformation 1, for example, me-
chanical translations and rotations of the two paddles are
implemented at time T, as illustrated in the description
with respect to FIG. 9. In transformation 2, for example,
software inflation or deflation of an abstract balloon, may
account for a possible increase or decrease in the size
of the breast from time 0 to time T. In transformation 3,
for example, software warping of the digital skin may ac-
count for the remaining mismatches among the tattoos.
The result of this transformation or step may achieve a
match of all tattoos, but may also leave some mismatches
of pixels between the tattoos.

[0072] FIG. 23 shows a possible mismatch of a straight
line between two tattoos 202 at time 0, and the trans-
formed arc at time T (dashed curve) after the completion
oftransformation 3. Intransformation 4, for example, soft-
ware warping of the digital skin may minimize the mis-
matches of pixels between the tattoos. This warping proc-
ess can be a nonlinear transformation guided by the dig-
ital skin model represented in FIG. 21. In some embod-
iments, an iterative geometric optimization is used to min-
imize the mismatches of non-tattoo pixels.

[0073] Insome embodiments of iterative geometric op-
timization, a vector of parameters w may be constructed
that represents the elastic warping produced by the dig-
ital skin. Each value of w can represent the nonlinear
warping provided by the springs of the digital skin. An
example of w may be the vector [wy wy Wy W3 Wy W],
where w; are the parameters in a polynomial representing
the force-displacement relation of the springs. Therefore
the function f(x) may comprise:
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f(X):W0+W1+W2+W3+W4+W5.

[0074] Insome embodiments, the deviations of the pix-
el values in image MT from the corresponding pixels in
image MO may be estimated for each value of w. Refer-
ring to FIG. 23, a comparison of the pixel values along
the solid straight line from Tattoo A 202 to Tattoo B 202
in image MO and along the transformation of this line in
image MT after completion of TR3 is illustrated.

[0075] In some embodiments, d, denotes an integrat-
ed difference between the two series of pixel values. In
some embodiments, w may be changed to produce an-
other arc joining Tattoo A to Tattoo B in image MT. In
some embodiments, following the concepts of statistical
inference, statistical variations in w may be introduced
to improve the quality of the search for an optimum value
of w. Each candidate w may produce a candidate arc
joining the two tattoos. The dashed curve of FIG. 23 is
an example of such an arc. The difference between the
pixels on the straight arc in image MO to the pixels along
the dashed curve in image MT may be computed and
denoted by d,. Continuing in this manner can result in a
valley in w space, generating the depth of the valley d;
(or the deviation of the dashed curve from the straight
line), to achieve best warping of the skin between tattoos
while maintaining the matching of the tattoos in MO and
MT. The value of w atthe lowest depth d; may be denoted
by w|_and the geometrically optimized image at time T
achieved by w may be denoted by M, T. Subtracting
M_T from MO, can produce the image D (0,T). In some
embodiments, if MT contains small growths such as mi-
crocalcifications formed after time 0, the image D, (0,T)
canreveal those growths and suppress the fibroglandular
tissue.

[0076] To facilitate modeling of the warping of the
breastinthe digital skin, tattoos may be used formodeling
the positions of unmatched pixels in addition to the tattoos
used for matching pixels. An example of this concept is
illustrated in FIG. 24 where the squares denote tattoos
204 for matching and the circles denote tattoos 206 for
modeling. The above described techniques can perform
mammographic screening with greater sensitivity and
specificity.

[0077] Referring to FIG 25, exemplary spring-loaded
400 three-dimensional (3D) pixels are illustrated. The fi-
duciary markers, for example invisible tattoos, can en-
hance the medical utility of 3D mammography and 3D
pulmonary radiography. Some examples of 3D mam-
mography can be provided or generated by computer
tomography (CT) and tomosynthesis. The application of
techniques described herein, e.g., tattoo-aided subtrac-
tion radiography, to CT mammography and CT pulmo-
nary radiography enhances the sensitivity and specificity
of screening for breast cancer and lung cancer, for ex-
ample. In some embodiments of 3D applications of tattoo
aided subtraction radiography, the tattoos are implanted
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on the skin of the breast or chest to surround the 3D
search region. The use of CT for mammography, benefits
from the elimination of paddles to compress the breast.
In some embodiments, the process of registering and
subtracting two temporarily spaced radiographs may
comprise storing each of the two radiographs on a 3D
network of spring-loaded 3D pixels such as those illus-
trated in FIG. 25. The process further comprises super-
imposing the two radiographs so that the corresponding
tattoos match. The process further comprises matching
nearby pixels, starting at each tattoo, to minimize the
summed differences of subtracted contents of the
matched pixels. This technique may require a geometric
iterative optimization similar to the iterative optimization
described herein.

[0078] In some embodiments, some residual distor-
tions may remain after realigning opposing tattoos.
These residual distortions may be suppressed by off-line
post-processing. Examples of such residual distortions
include layered shift and layered spin. Consider a breast
consisting of thin planar layers parallel to the two com-
pression plates, each layer containing no more than one
calcification. After realigning the opposing tattoos of the
breast at time t=T to the same relative positions as at
time t=0, the positions of the planar layers at time t=T
may have moved from their positions attime t=0, resulting
in residual distortions.

[0079] Referring to FIG. 18, an example of a com-
pressed artificial spherical model of breast tissue 200
with opposing tattoos 202 aligned vertically along the x-
ray beam is illustrated. Four microcalcifications 208 are
shown in a vertical alignment. Referring to FIG. 19, a
front view of the same compressed breast 200 is shown,
but with the planar layers containing two calcifications
208 shifted to the right, thereby shifting two of the calci-
fications to the right. Note the resulting distortions of the
two vertical breast boundaries in this view. The shifted
calcifications are examples of a layered shift residual dis-
tortion.

[0080] In some embodiments, layered spin residual
distortion can be explained by returning to the embodi-
ments depicted in FIG. 18, anillustration of a compressed
breast 200, with the tattoos 202 aligned, and no residual
distortion. Two planar layers, each containing the one of
the two intermediate calcifications 208, can be defined
between the top and bottom calcifications. These planar
layers are referred to as "intermediate." These interme-
diate layers can be rotated a few degrees around the axis
through the centers of the two opposing tattoos. The re-
sulting front view, shown in FIG. 20, reveals distorted
locations of the two intermediate calcifications 208, and
a narrowing of the intermediate diameter of the breast
200.

[0081] The foregoing description is provided to enable
a person skilled in the art to practice the various embod-
iments described herein. While the present subject tech-
nology has been particularly described with reference to
the various figures and embodiments, it should be un-
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derstood that these are for illustration purposes only and
should not be taken as limiting the scope of the subject
technology.

[0082] A phrase such as "an aspect" does not imply
that such aspect is essential to the subject technology or
that such aspectapplies to allembodiments of the subject
technology. A disclosure relating to an aspect may apply
to all embodiments, or one or more embodiments. An
aspect may provide one or more examples. A phrase
such as an aspect may refer to one or more aspects and
vice versa. A phrase such as "embodiments" does not
imply that such configuration is essential to the subject
technology or that such configuration applies to all em-
bodiments of the subject technology. A disclosure relat-
ing to a configuration may apply to all embodiments, or
one or more embodiments. A configuration may provide
one or more examples. A phrase such as "configuration"
may refer to one or more embodiments and vice versa.
[0083] The word "exemplary" is used herein to mean
"serving as an example or illustration." Any aspect or de-
sign described herein as "exemplary" is not necessarily
to be construed as preferred or advantageous over other
aspects or designs.

[0084] A reference to an element in the singular is not
intended to mean "one and only one" unless specifically
stated, but rather "one or more." The term "some" refers
to one or more. Moreover, nothing disclosed herein is
intended to be dedicated to the public regardless of
whether such disclosure is explicitly recited in the claims.
Furthermore, to the extent that the term "include," "have,"
or the like is used in the description or the claims, such
term is intended to be inclusive in a manner similar to the
term "comprise" as "comprise" is interpreted when em-
ployed as a transitional word in a claim.

Claims
1. A system for breast imaging, comprising:

a first compression member (300) configured to
contact a first side of a breast (200);

a second compression member (300) config-
ured to contact a second side of the breast (200)
substantially opposite the first side;

a first image sensor (302), coupled to the first
compression member (300) and configured to
detect a position of a first fiducial marker (202)
located at the first side;

a second image sensor (302), coupled to the
second compression member (300) and config-
ured to detect a position of a second fiducial
marker (202) located at the second side; char-
acterised in that it further comprises

an alignment system (312, 314) that is adapted
to receive information from at least one of

the first or second image sensors (302) and,
based on the information, to move at least
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10.

1.

12.

13.

one of the first or second compression members
(300) such that the breast (200) is moved

and the positions of the first and second fiducial
markers (202) become aligned.

The system of claim 1, further comprising a position-
er (316) that, based on the information, moves at
least one of the first or second compression mem-
bers (300) such that the breast is moved to align the
first or second fiducial markers.

The system of claim 1, further comprising the first
fiducial marker (202), wherein the first fiducial marker
is configured to be placed within about 1 cm of a skin
surface at the first side.

The system of any one of claims 1 to 3, further com-
prising the second fiducial marker (202), wherein the
second fiducial marker is configured to be placed
within about 1 cm of a skin surface at the second side.

The system of any one of claims 1 to 4, wherein the
first compression member (300) comprises apaddle.

The system of any one of claims 1 to 5, wherein the
first and second fiducial markers (202) each com-
prise one or more tattoos (202).

The system of any one of claims 1 to 6, wherein the
firstand second fiducial markers (202) are not visible
to the unaided human eye.

The system of any one of claims 1 to 7, wherein the
first and second fiducial markers (202) are visible to
the unaided human eye when subject to ultraviolet
illumination.

The system of any one of claims 1 to 5, wherein the
first and second fiducial markers
(202) are radiopaque.

The system of any one of claims 1 to 9, wherein the
alignment system (312, 314) comprises imaging
software configured to further facilitate alignment of
the first and second fiducial markers (202).

The system of any one of claims 1 to 10, further com-
prising an electromagnetic radiation system to gen-
erate electromagnetic radiation to facilitate genera-
tion of an image of the breast (200).

The system of claim 11, wherein the electromagnetic
radiation comprises x-rays.

The system of claim 12 further comprising at least a
first radiographic image acquisition platform (314)
configured to acquire a first radiographic image of
the breast (200).
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The system of claim 13, further comprising a sub-
traction imaging system configured to subtract the
firstimage from a second image to facilitate detection
of changes in the breast (200) that have occurred
over time.

The system of any one of claims 1 to 14, wherein
the first and second image sensors (302) are con-
figured to detect the respective positions of the first
and second fiducial markers (202), wherein at least
one of the first or second fiducial markers is implant-
ed in the breast (200).

A method for breast imaging, comprising:

contacting a first side of a breast (200) with a
first compression member (300);

contacting a second side of the breast (200) sub-
stantially opposite the first side with a second
compression member (300);

detecting a position of a first fiducial marker
(202) located at the first side with a first image
sensor (302), coupled to the first compression
member;

detecting a position of a second fiducial marker
(202) located at the second side with a second
image sensor (302), coupled to the second com-
pression member;

characterised in that it further comprises the
step of acquiring information at an alignment
system (312, 314) from at least one of the first
or second image sensors; and

based on the acquired information, moving at
least one of the first or second compression
members such that the breast moves and the
positions of the first and second fiducial markers
become aligned.

The method of claim 16, further comprising placing
the first fiducial marker (202) within about 1 cm of a
skin surface at the first side of the breast.

The method of claim 17, further comprising placing
the second fiducial marker (202) within about 1 cm
of a skin surface at the second side of breast.

The method of any one of claims 16 to 18, further
comprising aligning the first and second fiducial
markers (202) using imaging software.

The method of any one of claims 16 to 19, further
comprising generating electromagnetic radiation to
generate a radiographic image of the breast (200).

Patentanspriiche

1.

System fiir die Brustbildgebung, umfassend:
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1"

ein erstes Druckelement (300), so konfiguriert,
dass es an einer ersten Seite einer Brust (200)
anliegt;

ein zweites Druckelement (300), so konfiguriert,
dass es an einer zweiten, der ersten Seite im
Wesentlichen gegeniiberliegenden Seite, der
Brust (200) anliegt;

einen ersten Bildsensor (302), der an das erste
Druckelement (300) angeschlossen ist und so
konfiguriert ist,

dass er eine Position eines ersten, an der ersten
Seite angeordneten Fiducial-Markers (202) er-
fasst;

einen zweiten Bildsensor (302), der an das zwei-
te Druckelement (300) angeschlossen ist und
so konfiguriert ist, dass er eine Position eines
zweiten, an der zweiten Seite angeordneten Fi-
ducial-Markers (202) erfasst; dadurch gekenn-
zeichnet, dass es

ferner ein Ausrichtungssystem (312, 314) um-
fasst, das so eingerichtet ist, dass es Daten von
mindestens

einem des ersten oder zweiten Bildsensors
(302) empfangt und auf Grundlage der Daten
mindestens

eines des ersten oder zweiten Druckelements
(300) so verschiebt, dass die Lage der Brust
(200) verandert wird und die Positionen des ers-
ten und zweiten Fiducial-Markers (202) ausge-
richtet werden.

System nach Anspruch 1, wobei es weiterhin einen
Positionierer (316) umfasst, der auf Grundlage der
Daten mindestens einen des ersten oder zweiten
Druckelements (300) so verschiebt, dass die Lage
derBrustverandert wird, um den ersten oder zweiten
Fiducial-Marker auszurichten.

System nach Anspruch 1, wobei es weiterhin den
ersten Fiducial-Marker (202) umfasst, wobeider ers-
te Fiducial-Marker so konfiguriert ist, dass er auf der
ersten Seite innerhalb von einem Abstand von etwa
1 cm von einer Hautoberflache positioniert werden
kann.

System nach einem der Anspriiche 1 bis 3, wobei
es weiterhin den zweiten Fiducial-Marker (202) um-
fasst, wobei der zweite Fiducial-Marker so konfigu-
riert ist, dass er auf der zweiten Seite innerhalb von
einem Abstand von etwa 1 cm von einer Hautober-
flache positioniert werden kann.

System nach einem der Anspriiche 1 bis 4, wobei
das erste Druckelement (300) eine Andruckplatte
umfasst.

System nach einem der Anspriiche 1 bis 5, wobei
der erste und zweite Fiducial-Marker (202)
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jeweils eine oder mehrere Markierungen (202) um-
fassen.

System nach einem der Anspriiche 1 bis 6, wobei
der erste und zweite Fiducial-Marker (202)

mit bloRem menschlichem Auge nicht zu erkennen
sind.

System nach einem der Anspriiche 1 bis 7, wobei
der erste und zweite Fiducial-Marker (202)

bei ultravioletter Beleuchtung mit bloRem menschli-
chem Auge zu erkennen sind.

System nach einem der Anspriiche 1 bis 5, wobei
der erste und zweite Fiducial-Marker (202)
réntgenopak sind.

System nach einem der Anspriiche 1 bis 9, wobei
das Ausrichtungssystem (312, 314) eine Bildge-
bungssoftware umfasst, die so konfiguriert ist, dass
sie die Ausrichtung des ersten und zweiten Fiducial-
Markers (202) weiter unterstitzt.

System nach einem der Anspriiche 1 bis 10, wobei
es weiterhin ein elektromagnetisches Strahlungs-
system zum Erzeugen elektromagnetischer Strah-
lung umfasst, um das Erstellen eines Bildes der
Brust (200) zu ermdglichen.

System nach Anspruch 11, wobei die elektromag-
netische Strahlung Réntgenstrahlen umfasst.

System nach Anspruch 12 wobei es ferner mindes-
tens eine erste Rontgenbildakquisitionsplattform
(314) umfasst, die so konfiguriert ist, dass sie ein
erstes Rontgenbild der Brust (200) erfasst

System nach Anspruch 13, wobei es ferner ein Sub-
traktionsbildgebungssystem umfasst, das so konfi-
guriert ist, dass es das erste Bild von einem zweiten
Bild subtrahiert, um die Erkennung von im Laufe der
Zeitaufgetretenen Veranderungen in der Brust (200)
zu erleichtern.

System nach einem der Anspriiche 1 bis 14, wobei
der erste und zweite Bildsensor (302) so konfiguriert
sind, dass sie die jeweiligen Positionen des ersten
und zweiten Fiducial-Markers (202) erkennen, wobei
mindestens einer des ersten oder zweiten Fiducial-
Markers in der Brust (200) implantiert ist.

Verfahren zur Brustbildgebung, umfassend:

Ansetzen eines ersten Druckelements (300) an
einer ersten Seite einer Brust (200);

Ansetzen eines zweiten Druckelements (300)
an einer zweiten, der ersten Seite im Wesentli-
chen gegeniiberliegenden Seite der Brust (200);
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Erfassen einer Position eines ersten, an derers-
ten Seite positionierten Fiducial-Markers (202)
mit einem ersten, an das erste Druckelement
angeschlossenen Bildsensor (302);

Erfassen einer Position eines zweiten, an der
zweiten Seite positionierten Fiducial-Markers
(202) mit einem zweiten, an das zweite Druck-
element angeschlossenen Bildsensor (302);
dadurch gekennzeichnet, dass es weiter den
Schritt der Datenerfassung von mindestens ei-
nem des ersten oder zweiten Bildsensors an ei-
nem Ausrichtungssystem (312, 314) umfasst
und

auf Grundlage der erfassten Daten mindestens
eines des ersten oder zweiten Druckelements
so verschiebt, dass sich die Lage der Brust ver-
andert und sich die Positionen des ersten und
zweiten Fiducial-Markers ausrichten.

Verfahren nach Anspruch 16, ferner umfassend das
Platzieren des ersten Fiducial-Markers (202) inner-
halb von einem Abstand von etwa 1 cm von einer
Hautoberflache auf der ersten Seite der Brust.

Verfahren nach Anspruch 17, ferner umfassend das
Platzieren des zweiten Fiducial-Markers (202) inner-
halb von einem Abstand von etwa 1 cm von einer
Hautoberflache auf der zweiten Seite der Brust.

Verfahren nach einem der Anspriiche 16 bis 18, fer-
ner umfassend das Ausrichten des ersten und des
zweiten Fiducial-Markers (202) mittels Bildgebungs-
software.

Verfahren nach einem der Anspriiche 16 bis 19, fer-
ner umfassend das Erzeugen elektromagnetischer
Strahlung, um ein Rdntgenbild der Brust (200) zu
erstellen.

Revendications

1.

Systéme d’imagerie du sein, comprenant :

un premier élément de compression (300) con-
figuré pour venir en contactavec un premier c6té
d’'un sein (200);

un deuxieme élément de compression (300)
configuré pour venir en contact avec un deuxié-
me c6té du sein (200) sensiblement opposé au
premier cbté ;

un premier capteur d’'images (302), couplé au
premier élément de compression (300) et con-
figuré pour détecter une position d’un premier
marqueur fiduciel (202) situé au niveau du pre-
mier coté ;

un deuxiéme capteur d'images (302), couplé au
deuxieme élément de compression (300) et con-
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figuré pour détecter une position d’'un deuxieme
marqueur fiduciel (202) situé au niveau du
deuxiéme cbté ; caractérisé en ce qu’il com-
prend en outre

un systéme d’alignement (312, 314) qui est
adapté pour recevoir des informations issues
d’au moins

un des premier ou deuxiéme capteurs d’'images
(302) et, sur la base des informations, pour dé-
placer au moins

un des premier ou deuxiéme éléments de com-
pression (300) de sorte que le sein (200) est
déplacé

et les positions des premier et deuxieme mar-
queurs fiduciels (202) deviennent alignées.

Systeme de la revendication 1, comprenant en outre
un positionneur (316) qui, sur la base des informa-
tions, déplace au moins un des premier ou deuxieme
éléments de compression (300) de sorte que le sein
est déplacé pour aligner les premier ou deuxieme
marqueurs fiduciels.

Systeme de la revendication 1, comprenant en outre
le premier marqueur fiduciel (202), dans

lequel le premier marqueur fiduciel est configuré
pour étre placé a moins d’environ 1 cm d’une surface
de peau au niveau du premier coté.

Systeme de I'une quelconque des revendications 1
a 3, comprenant en outre le deuxiéme marqueur fi-
duciel (202), dans lequel le deuxieme marqueur fi-
duciel est configuré pour étre placé a moins d’envi-
ron 1 cm d’une surface de peau au niveau du deuxié-
me coté.

Systeme de I'une quelconque des revendications 1
a4, dans lequel le premier élément de compression
(300) comprend une palette.

Systeme de I'une quelconque des revendications 1
a 5, dans lequel les premier et deuxiéme marqueurs
fiduciels (202) comprennent chacun un ou plusieurs
tatouages (202).

Systeme de I'une quelconque des revendications 1
a 6, dans lequel les premier et deuxiéme marqueurs
fiduciels (202) ne sont pas visibles a l'oeil nu.

Systeme de I'une quelconque des revendications 1
a7,dans lequel les premier et deuxiéme marqueurs
fiduciels (202) sont visibles a I'oeil nu quand ils sont
soumis a une lumiére ultraviolette.

Systeme de I'une quelconque des revendications 1
a 5, dans lequel les premier et deuxiéme marqueurs
fiduciels (202) sont radio-opaques.
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Systéme de I'une quelconque des revendications 1
a9, dans lequel le systeme d’alignement (312, 314)
comprend un logiciel d'imagerie configuré pour faci-
liter en outre I'alignement des premier et deuxieme
marqueurs fiduciels (202).

Systéme de I'une quelconque des revendications 1
a 10, comprenant en outre un systéme de rayonne-
ment électromagnétique pour générer un rayonne-
ment électromagnétique pour faciliter la génération
d’'une image du sein (200).

Systéme de la revendication 11, dans lequel le
rayonnement électromagnétique comprend les
rayons X.

Systéme de la revendication comprenant en outre
au moins une premiere plateforme d’acquisition
d’'images radiographiques (314) configurée pour ac-
queérir une premiere image radiographique du sein
(200).

Systéme de la revendication 13, comprenant en
outre un systéme d’imagerie par soustraction confi-
guré pour soustraire la premiereimage d’une deuxié-
me image pour faciliter la détection de changements
du sein (200) qui ont eu lieu avec le temps.

Systéme de I'une quelconque des revendications 1
a 14, dans lequel les premier et deuxiéme capteurs
d’'images (302) sont configurés pour détecter les po-
sitions respectives des premier et deuxiéme mar-
queurs fiduciels (202), dans lequel au moins un des
premier ou deuxi€éme marqueurs fiduciels est im-
planté dans le sein (200).

Procédé pour I'imagerie du sein, comprenant :

la venue en contact d’'un premier c6té d’un sein
(200) avec un premier élément de compression
(300) ;

la venue en contact d’'un deuxiéme c6té du sein
(200) sensiblement opposé au premier cété
avec un deuxiéme élément de compression
(300) ;

la détection d’'une position d’'un premier mar-
queur fiduciel (202) situé au niveau du premier
c6té avec un premier capteur d'images (302),
couplé au premier élément de compression ;
la détection d’une position d’un deuxieme mar-
queur fiduciel (202) situé au niveau du deuxiéme
c6té avec un deuxieme capteur d’'images (302),
couplé au deuxiéme élément de compression ;
caractérisé en ce qu’il comprend en outre les
étapes consistant a acquérir des informations
au niveau d’un systeme d’alignement (312, 314)
depuis au moins un des premier ou deuxiéme
capteurs d’'images ; et



17.

18.

19.

20.

25 EP 2 582 304 B1

sur la base des informations acquises, a dépla-
cer au moins un

des premier ou deuxiéme éléments de compres-
sion de sorte que le

sein se déplace et les positions des premier et
deuxiéme marqueurs

fiduciels deviennent alignées.

Procédé de la revendication 16, comprenant en
outre le placement du premier marqueur fiduciel
(202) a moins d’environ 1 cm d’une surface de peau
au niveau du premier c6té du sein.

Procédé de la revendication 17, comprenant en
outre le placement du second marqueur fiduciel
(202) a moins d’environ 1 cm d’une surface de peau
au niveau du deuxiéme c6té du sein.

Procédeé de I'une quelconque des revendications 16
a 18, comprenant en outre I'alignement des premier
et deuxiéme marqueurs fiduciels (202) en utilisant
un logiciel d'imagerie.

Procédeé de I'une quelconque des revendications 16
a 19, comprenant en outre la génération d'un rayon-
nement électromagnétique pour générer une image
radiographique du sein (200).
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