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Title
Matching geometry generation and display of mammograms and tomosynthesis images
Field

This patent specification is in the field of x-ray imaging of patients for screening or other
purposes, and more specifically is directed to methods and systems for generating and
displaying mammograms and tomosynthesis x-ray images in ways that improve their

usefulness.
Background

Breast cancer remains a significant threat to women’s health. X-ray mammograms have
long been a standard in screening patients for breast cancer or other abnormalities and
also are widely used in diagnosis and treatment planning. X-ray mammography typically
records the breast image on x-ray film but more recently digital x-ray image receptors
have come into use, as in the Selenia™ mammography system available from Hologic
Inc. of Bedford, MA and its division Lorad of Danbury, CT. For mammograms, a cone-
shaped or pyramid-shaped x-ray beam passes through the compressed breast and forms a
two-dimensional projection image. Any one of a number of orientations can be used,
such as cranial-caudal (CC) or MLO (mediolateral-oblique) orientation. More recently,
breast x-ray tomosynthesis has been proposed. The technology typically involves taking
two-dimensional (2D) projection images of the immobilized breast at each of a number of
angles of the x-ray beam relative to the breast and processing the resulting x-ray
measurements to reconstruct images of breast slices that typically are in planes transverse

to the x-ray beam axis, such as parallel to the image plane of a mammogram of the same
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breast. The range of angles is substantially less than in computerized tomography, i.e.
substantially less than 180°, e.g. £15°. Tomosynthesis technology is described in U.S.
Patent Application Ser. No. 10/723,486 filed November 26, 2003; a prototype of a unit
with at least some of the described features was shown at the 2003 Radiological Society
of North America meeting in Chicago, Ill. Additional prototypes are in clinical testing in
this country as of the filing of this patent specification. Other approaches to
tomosynthesis also have been proposed: see, e.g., U.S. Patents Nos. 4,496,557, 5,051,904,
5,359,637, 6,289,235, and 6,647,092, published U.S. Patent Applications Nos.
2001/0038861, 2004/066882, 2004/0066884, and 2004/0066904, and Digital Clinical
Reports, Tomosynthesis (GE Brochure 98-5493, 11/98). How to reconstruct
tomosynthesis images is discussed in DG Grant, "Tomosynthesis: a three-dimensional
imaging technique", IEEE Trans. Biomed. Engineering, Vol BME-19, #1, (January 1972),
pp 20-28. . The patents, applications, brochures, and article cited above are hereby

incorporated by reference in this patent specification as though fully set forth herein.

In clinical use, it can be desirable for a number of reasons to assess both tomosynthesis
images and conventional mammograms of the patient’s breasts. For example, the
decades of conventional mammograms have enabled medical professionals to develop
valuable interpretation expertise. Mammograms may offer good visualization of
microcalcifications, and can offer higher spatial resolution compared with tomosynthesis.
Tomosynthesis images may have different desirable characteristics — e.g., they may offer
better visualization of structures that can be obscured by overlying or underlying tissue in
a conventional mammogram. However, the inventors named herein have recognized that
a challenge arises in assessing tomosynthesis images, either alone or in conjunction with
mammograms of the same breast. Tomosynthesis images tend to look different from
mammograms in that a given tomosynthesis image may not show anatomical structure
seen in 2 mammogram or in another tomosynthesis image of the same breast; and, to the
extent a tomosynthesis image shows structure tﬁat also is seen in the mammogram or in
another tomosynthesis image, that structure may be at different relative places in the
images. This can make it difficult to apply to tomosynthesis images the expertise built

over years of experience reading mammograms, and difficult to visualize and assess the
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same structure from the different types of images. For these and other reasons, the
inventors believe that a need exists for further improvements in the generation and

presentation of such images to make them more useful to health professionals.
Summary

The disclosed process and system generate and display tomosynthesis slice images of a
patient’s breast such that an object in the breast is at same or at least matching relative
places in each slice image in which it is visible and, preferably, also at the same or at
least matching place as in a conventional mammogram of the same breast. To achieve
this, the method and system obtain 2D x-ray projection data for tomosynthesis images
and, preferably, at least one 2D x-ray projection mammogram of a patient’s breast,
preferably using in each case a cone-shaped or pyramid-shaped imaging x-ray beam, and
generate tomosynthesis images such that they conform to the same geometric coordinate
system and, preferably, to the same coordinate system as a 2D projection mammogram.
As a result, anatomical structures appear at geometrically matching or corresponding
places in such tomosynthesis images and, preferably, in the mammogram. The
tomosynthesis images can be generated in a two-step computer-implemented process that
first reconstructs tomosynthesis images in an initial coordinate system in which objects
are not or may not be at matching positions in different tomosynthesis images or in the
mammogram, and then projects those images into another coordinate system, such as the
coordinate system of the marhmogram. Alternatively, the reconstruction can directly
generate tomosynthesis images that match the appropriate coordinate system, e.g. the
cone beam geometry of the mammogram. Still alternatively, the cone-shaped or
pyramid-shaped beam can be simulated by scanning the breast with a fan-shaped x-ray
beam or a beam having some other geometry. The term x-ray beam as used in this patent

specification includes such simulated cone-shaped or pyramid-shaped beams.

Brief description of the drawings
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Figs. la and 1b illustrate in simplified form an example of geometry used in obtaining x-

ray mammograms and x-ray tomosynthesis measurements.

Fig. 2 illustrates image planes of a mammogram and tomosynthesis slice images.

Figs. 3a, 3b, and 3¢ illustrate, respectively, a conventional mammogram and two
tomosynthesis slice images, where two objects that are at different heights in the breast
appear superimposed in the mammogram but at different relative locations in the

tomosynthesis slice images.

Figs. 4a, 4b, and 4c illustrate, respectively, a conventional mammogram and two
tomosynthesis slice images, where two objects that are at different heights in the breast
appear superimposed in the mammogram but at locations in the tomosynthesis slice

images that match their locations in the mammogram.

Figs 5a and 5b illustrate, respectively, tomosynthesis reconstruction into a Cartesian and

into a cone-beam geometry.

Fig. 6 is a block diagram of a system implementing an example of an embodiment of the

disclosed methods and systems.

Detailed description of preferred embodiments

Figs. 1a and 1b illustrate in simplified view an example of geometry for CC (cranial-
caudal) imaging of a patient’s breast 10. Breast 10 is compressed between an image
receptor 12, such as a flat panel digital imager, and a compression paddle 14, and is
imaged with a cone-shaped or pyramid-shaped x-ray beam 16 from an x-ray source 18.
Fig. 1a illustrates a front view where the long axis of the compressed breast 10 is normal
to the sheet, and Fig. 1b illustrates a side view where the long axis of the breast is in the

plane of the sheet and where the patient’s chest (not shown) is to the right of the
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illustrated geometry. Respective coordinate systems are shown above Figs. 1a and 1b. In
pertinem respect, the illustrated geometry is similar to that used in the Selenia™
mammography system identified above as well as in the tomosynthesis system disclosed
in said patent application Ser. No. 10/723,486. As is known, the breast can be

compressed and imaged in other orientations as well.

Fig. 2 illustrates the same geometry as Fig. 1b, and the same coordinate system, except
that it highlights a single raypath or x-ray trajectory 20 rather than illustrate the entire x-
ray beam 16. In addition, Fig. 2 illustrates two objects in breast 10, object #1 at slice A
and object #2 at slice B. The term object is used here to refer to any structure that can be
imaged in a mammogram or a tomosynthesis image, such as a lesion in the breast, and the
term slice is used to refer to a layer of the breast of a finite thickness, e.g. thickness in the
z-direction, that is less than the total breast thickness. For example, a slice can be a few

mm thick, or thinner or thicker.

In tomosynthesis images, the same objects #1 and #2 can appear at different locations
relative to other structure in the breast as compared with a mammogram of the same
breast, as illustrated in Figs. 3a-3c. Fig 3a illustrates a mammogram that can be obtained
with the geometry of Fig. 2, while Figs. 3b and 3c illustrate tomosynthesis images of
slices A and B, respectively, obtained with a system as disclosed in said application Ser.
No. 10/723,486. Because objects #1 and #2 are along the same x-ray trajectory 20, they
appear superimposed in the mammogram of Fig. 3a. However, because x-ray trajectory
20 is not normal to the image plane of receptor 12, as is the general case with x-ray
trajectories when using such cone-beam or pyramid-beam x-ray geometry, the two
objects appear at different xy locations in the tomosynthesis images of Figs. 3b and 3c.
These tomosynthesis images can be conceptualized as vertical projections of slices A and
B onto the image plane of the mammogram, e.g. the image plane of x-ray receptor 12.
Another way to conceptualize such a tomosynthesis image is to imagine that slice A
alone, with no other breast tissue above or below it, were laid directly on x-ray receptor
12 and imaged. For similar reasons, the same object #2 shows up at different xy

locations in Figs. 3a and 3c.
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The new approach described in this patent specification achieves a different result. Given
the same data acquisition geometry (Fig. 2), the new approach generates images as

illustrated in Figs. 4b and 4c¢ rather than those of Figs. 3b and 3c.

Fig. 4a is the same as Fig. 3a — a mammogram that shows the same objects #1 and #2
superimposed. However, Fig. 4b differs significantly from Fig. 3b, and Fig. 4c differs
significantly from Fig. 3¢c. In particular, Figs. 4b and 4c show the images of objects #1
and #2 at xy locations that are in the same coordinate system. Moreover, in this example
this is the same coordinate system as that of the mammogram of Fig. 4a (and 3a). Both
Figs. 4b and 3b are tomosynthesis images of slice A, but Fig. 4c shows object #2 in slice
image A’ at the correct xy location that matches the location of the same object in the
mammogram of Fig. 4a. Similarly, both Figs. 4c and 3c are tomosynthesis images of
slice B, but Fig. 4c shows object #2 in slice image B’ at the correct Xy location that

matches the location of the same object in the mammogram of Fig. 4a.

The reason for the difference between Figs. 3b and 4b, and between Figs. 3¢ and 4c, is
not in how the underlying x-ray measurements are derived but in how the tomosynthesis
images are reconstructed and displayed. All relevant x-ray measurements can be
obtained as disclosed in said patent application Ser. No. 10/723,486, as one example,
typically as respective 2D sets of pixel values (x-ray measurements for elemental picture
areas) at each of several different angles of x-ray beam 16 relative to breast 10, e.g. at
several equidistant angles over a range of £15°. Other raw x-ray data acquisition
techniques can be used in the alternative. After pre-processing of the type known in the
mammography and breast tomosynthesis art, those pixel values can be reconstructed into
a rectangular Cartesian coordinate system (30 in Fig 5a) using known reconstruction
algorithms such as filtered back projection, iterative reconstruction, maximum likelihood
reconstruction, or others, for example as taught in said patent application Ser. No.
10/723,486. As illustrated in Fig. 5a, the voxels (elemental volume elements) that are
imaged as respective pixels in the tomosynthesis slice images are aligned along lines

normal to the image plane of receptor 12. The result can be conceptualized as a set of
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pixel values representing x-ray properties of the voxels that are in the 3D space bound by
the image plane of receptor 12 at the bottom, compression paddle 14 on top, and on the
sides by the boundaries of x-ray beam 16 that impinges on receptor 12, and are uniformly
spaced in xy planes. However, because x-ray beam 16 is cone-shaped or pyramid-shaped,
the sides of this 3D space slope at least on three sides of the beam, and the x-ray
trajectories from source 18 to receptor 12 diverge in the general case. Thus, in the
general case each x-ray trajectory such as trajectory 20 is non-normal to the image plane
of receptor 12. | As aresult, the height of an object in breast 10 influences where the
image of that object will be in a mammogram taken with receptor 12. Stated differently,
if two objects in the breast are along the same line normal to the image plane, in general
they will appear spaced from each other in the mammogram but if the same two objects
are along one of the sloping x-ray trajectory, they will appear superimposed in the
mammogram. When tomosynthesis reconstruction directly or indirectly calculates a
pixel image of a slice that is both parallel to the mammogram image plane and is in the
same coordinate system as the mammogram, as disclosed in this patent specification, the
resulting tomosynthesis image in general can show the image of an object in the breast at
the same position relative to other tissue in the same slice in the breast in all

tomosynthesis slice images and will better match the mammogram image.

Conceptually, images such as in Figs. 4b and 4c can be obtained by projecting each of
several horizontal breast slices separately onto the image plane of the mammography
image, along the actual x-ray trajectories included in x-ray beam 16. This can be
conceptualized by imagining that a slice such as slice A keeps its physical position
illustrated in Fig. 2, all other breast tissue is absent, and a projection image is taken of
slice A alone, using the geometry of Fig. 2. Of course, this cannot be done literally
because of the presence of breast tissue above and/or below the slice. In the methods and
systems disclosed in this patent specification, this result can be achieved directly or
indirectly, by implementing a reconstruction algorithm of the type described in the Grant
article cited above, adapted to the geometry and other characteristics of a particular x-ray
data acquisition system without undue experimentation by a programmer of ordinary skill

in the art. For a cone beam x-ray illumination, the reconstruction geometry can be a cone
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beam coordinate system 31 shown in Fig 5b, where the voxels that correspond to pixels
in the tomosynthesis slice images are at different xy spacings (and differ in size at least in
the xy plane) in different slices and corresponding voxels of different slices are along the
same (generally sloping) x-ray trajectory. Alternatively, the desired result can be
achieved indirectly, by first reconstructing tomosynthesis images that together represent a
three dimensional space having at least three sloping sides matching the geometry of the
imaging x-ray beam (as in the coordinate system of Fig. 5a), and then geometrically
projecting the pixel values of such tomosynthesis images onto the image plane of the
mammogram along the directions of respective x-ray trajectories in the x-ray beam, again
using a computer-implemented process adapted without undue experimentation to a

particular x-ray data acquisition geometry by a programmer of ordinary skill in the art.

Tomosynthesis slice images such as in Figs. 4b and 4c can facilitate assessment of breast
features by allowing more direct and simplified comparison between different
tomosynthesis slice images and between tomosynthesis slice images on the one hand and
conventional mammograms on the other hand. With images such as in Figs. 4a-4c, the
health professional can read a mammogram (Fig. 4a) in a conventional manner, but can
also display and view any one or several of a number of tomosynthesis slice images of
the same breast to visualize and assess structures that can be at different heights in the
breast but appear at the same or at least matching relative locations in each image in
which they show. The mammogram and the tomosynthesis slice images can be displayed
on the same monitor or screen, displaying one image at a time by alternating from one
image to another with a suitable switch or other interface controlled by the health
professional. Alternatively, one or more tomosynthesis and/or mammogram images can
be displayed on one monitor or screen while one or more other images can be displayed
on another monitor or screen, to allow for simultaneous viewing. As another approach,
two or more tomosynthesis and/or mammogram images can displayed at respective
locations on the same monitor or screen. In each case, a control interface can allow the
health professional to select the images for display and the locations for display of those

images.
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Reconstructing and displaying tomosynthesis slice images (Figs. 4b and 4c) as described
above is particularly suitable for use in conjunction with computer-aided diagnosis
(CAD) of breast images. In CAD, as currently practiced through equipment and/or
software provided by companies such as R2 Technology, Inc. of Sunnyvale, CA, an x-ray
breast image is computer-analyzed and image markers are generated and displayed to
indicate the location of suspected abnormalities and, in some cases, the likely type of
abnormality. When the tomosynthesis slice images are as in Figs. 4b and 4c, such
markers can be accurately and easily displayed at correct locations relative to the
tomosynthesis slice image, even when such markers are generated based solely or mainly
on the appropriate mammogram. In addition, fusion images can be generated and
selectively displayed under the control of a health professional. For example, a
mammogram such as in Fig. 4a and a slice image such as in Fig. 4b or 4¢ can be
superimposed for display, for example with the mammogram in gray scale or in a first
selected color or set of colors and the tomosynthesis image in a second selected color or
set of colors. The fused image can further include CAD markers displayed at the

appropriate locations.

Another display method is to select a region of interest in a mammogram, for example by
the health professional drawing or otherwise indicating a region of interest (ROI), and
replacing the ROI with the corresponding portion of a selected tomosynthesis slice image.
The particular tomosynthesis slice image or succession of such images can be selected by
the health professions through an appropriate interface such a track ball or mouse buttons
or wheel. The health professional can scroll up and down the height of the imaged breast
and see tomosynthesis images within the ROI without losing landmark orientation
relative to other parts of the breast that are still seen in the portion of the mammogram
outside the ROI. Still in addition, the tomosynthesis x-ray measurements and/or images
described above can be used to reconstruct or reformat slice images conforming to planes
that are not parallel to the image plane of a mammogram, using image processing
techniques known in technologies such as CT (computerized tomography) scanning , and

to reconstruct or reformat 3D displays of the imaged breast or selected portions of the
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breast, for display alone or in conjunction with the display of one or more mammograms

and/or 3D tomosynthesis slice images.

Fig. 6 illustrates in block diagram form an example of a system implementing technology
described above. An x-ray data acquisition unit 50 acquires x-ray measurements for
tomosynthesis and/or mammogram images, for example as described in patent
application Ser. No. 10/723,486. A pre-processing unit 52 applies known gain and offset
corrections to the raw x-ray measurements from unit 50, and known normalization/log
conversion of the corrected data. Image reconstruction unit 54 uses the pre-processed x-
ray measurements to generate appropriate tomosynthesis and/or mammographic images.
Such images are displayed at unit 56, under the control of a user interface 58 that
includes controls such a keyboard, mouse, etc. to select and manipulate the displayed

images as well as to control units 50-58 for other purposes.

For the reconstruction processing carried out in unit 54, a geometry matrix can be defined
from a geometry calibration file and input projection angles appropriate to unit 50 for use
in backprojection, from fits to the matrix elements determined from a geometry
calibration of unit 50 and input projection angles measured by an encoder in unit 50.
Image processing and filtering can be carried out on the images prior to reconstruction,
using image processing techniques known in technologies such as CT scanning and
tomosynthesis. A known skin line correction can also be applied at this stage. A
backprojection can then be carried out, one tomosynthesis slice at a time, using the

geometry matrix as follows,

x
u
v |=(M,) 7 Equation 1
z
5
1
d.=uls
d,=vls
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where M; is the 3x4 geometry matrix for projection i, (x,,z) is the location of an image
pixel, and (d,,d,) is the location on the x-ray detector element or area for the line that
connects a focal spot in source 18 and the image pixel. This method of backprojection is
described, for example, in section 3.4 in Faugeras, O., Three-Dimensional Computer
Vision, A Geometric Viewpoint, (MIT Press, 2001), hereby incorporated by reference in

this specification.

In a first method, using Cartesian coordinates as in Fig. 5a, the reconstructed slices are
parallel to the breast plate, or parallel to the image plane of receptor 12 at 0° projection
angle. Voxels and their corresponding image pixels are equally spaced in x-y (in-plane).
The x-y pixel spacing is the same for each image slice. The z-pixel spacing is the desired
output slice separation. In a second method, using cone beam coordinates as in Fig. 5b,
the in-slice pixel spacing varies as a function of slice number, or distance from the focal
spot in source 18. The image slices are confined to the volume defined by a given
source/detector location, that is, the volume defined by the four lines connecting the x-ray
source point to the four corners of image receptor 12 (or any four points on receptor 12).
M is first transformed by another matrix to obtain reconstructed planes that are parallel to
receptor 12 at some other arbitrary projection angle. This rotation matrix is obtained
from the geometry matrix of that projection. In addition, a pixel size scale factor and
pixel starting location (corner of a given slice) are calculated for each slice. The scale
factor depends on the number of projections that intersect the given pixel. That is, some
pixels are not ‘seen’ by all projections. This scaling reduces band artifacts near the edge

* of the image.

The tomosynthesis image slices to be reconstructed can be parallel to a “default”
reference plane as suggested by Equation 1 above. Alternatively, they can be at other
preferred orientations, defined by a 4x4 matrix multiplication operation applied to the

original 3x4 matrix M, according to:

11
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For example, a preferred orientation can be an orientation in which a particular

mammogram is taken.
Thus, the backprojection for reconstructing tomosynthesis slice images can involve:

1.) The selection of the orientation of image slices to be reconstructed. The slice
can be either parallel to the “default” reference plane as suggested by
Equation 1, or at another more preferred orientation, which is defined by a
4x4 matrix multiplication operation to the original 3x4 matrix M, as
expressed by Equation 2; and )

2.) Selection of the reconstruction voxel grid in space, which can be either a

Cartesian grid (Fig. 5a) or a Cone beam grid (Fig. 5b).

It should be clear to those skilled in the relevant technology that the above description is
only one example of implementing the new approach and that numerous variations are

possible that are within the scope of the description above.

Thus, in one non-limiting example, this patent specification discloses a method
comprising: obtaining tomosynthesis x-ray measurements and at least one 2D x-ray
projection mammogram of a patient’s breast, wherein the mammogram image and the
tomosynthesis measurements are obtained using a cone-shaped or pyramid-shaped
imaging x-ray beam, and reconstructing 2D tomosynthesis images from the
tomosynthesis measurements, wherein the tomosynthesis images conform to the same
geometric coordinate system as the 2D projection mammogram, whereby anatomical
structures that appear in the mammogram appear at geometrically corresponding places

in respective ones of the tomosynthesis images. The step or steps of reconstructing 2D

12
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tomosynthesis images can comprise using a computer-implemented cone beam
reconstruction algorithm directly generating the tomosynthesis images. Alternatively, the
step or steps of reconstructing the 2D tomosynthesis images can comprise generating
information describing initial tomosynthesis images, in which tissue or objects in the
breast that are at different heights in the breast but overlap in the mammo gram appear at
mismatched positions in the initial tomosynthesis images, and using the information
describing the initial tomosynthesis images to generate final tomosynthesis images in
which said tissue or objects appear at positions that match their positions in the
mammogram. This alternative can be implemented by generating the initial
tomosynthesis images in an initial coordinate system different from that of the
mammogram, and processing the information describing the initial tomosynthesis images
into tomosynthewsis images that match the coordinate system of the mammo gram. In the
initial coordinate system, the initial tomosynthesis images may differ in pixel spacing
while the final tomosynthesis images may have the same pixel spacing. The final pixel

spacing may be the same as in the mammogram.

This patent specification also discloses, as another non-limiting example, an x-ray system
comprising an x-ray data acquisition unit that uses a cone-shaped or pyramid shaped x-
ray beam and an x-ray receptor to obtain tomosynthesis x-ray measurements and x-ray
measurements for at least one 2D x-ray projection mammogram of a patient’s breast, a
pre-processor that receives said measurements from the x-ray receptor and subjects them
to pre-processing operations, a tomo/mammo image reconstruction unit that receives the
pre-processed images and subjects them to further processing to reconstructing 2D
tomosynthesis images and a mammogram, wherein tissue or objects in the breast that are
at different heights in the breast but appear sup/erimposed in the mammogram appear at
locations in the tomosynthesis images that are the same as or at least match their location
in the mammogram, and a display unit that selectively displays one or more of the
tomosynthesis images and the mammogram and is under the control of a used interface
operated by a health professional. The image reconstruction unit can use a computer-
implemented cone beam reconstruction algorithm directly generating the tomosynthesis

images. Alternatively, the image reconstruction unit can generate information describing

13
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initial tomosynthesis images, in which tissue or objects in the breast that are at different
heights in the breast but overlap in the mammogram appear at mismatched positions in
the initial tomosynthesis images, and can use the information describing the initial
tomosynthesis images to generate final tomosynthesis images in which said objects
appear at positions that are the same as or at least match their positions in the |
mammogram. This alternative can be implemented by generating the initial
tomosynthesis images in an initial coordinate system different from that of the
mammogram, and processing the information describing the initial tomosynthesis images
into tomosynthewsis images that match the coordinate system of the mammogram. In the
initial coordinate system, the initial tomosynthesis images may differ in pixel spacing
while the final tomosynthesis images may have the same pixel spacing. The final pixel

spacing may be the same as in the mammogram.

14
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CLAIMS

1. A method comprising:

obtaining digital information describiﬁg a plurality of 2D x-ray tomosynthesis
projection images of a patient’s breast taken at different angles and at least one 2D x-
ray projection mammogram image of the breast;

using at least some of the information describing the tomosynthesis projection
images to derive information describing 2D reconstructed tomosynthesis images
representative of respective breast slices;

wherein said reconstructed tomosynthesis images conform to a geometric
coordinate system that matches a geometric coordinate éystem of the projection
mammogram image such that anatomical structures that appear in the mammogram
image appear at geometrically matching places in respective ones of the reconstructed
tomosynthesis images; and

displaying at least some of the mammogram image and the reconstructed

tomosynthesis images.

2. A method as in claim 1 wherein said using step comprise using a computer-
implemented cone beam reconstruction algorithm that directly generates the
information describing said reconstructed tomosynthesis images from

information describing said projection tomosynthesis images.

3. A method as in claim 1 wherein said using step comprises generating
information describing preliminary tomosynthesis images that represent breast
slices but in which anatomical structures that are at different heights in the
breast but overlap in the mammogram image appear at geometrically
mismatched positions, and using at least some of the information describing
the preliminary tomosynthesis images to generate said reconstructed

tomosynthesis images.
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4. A method as in claim 3 wherein the generating of information describing the
preliminary tomosynthesis images comprises conforming the preliminary
tomosynthesis images to a preliminary coordinate system different from a
coordinate system to which the mammogram image conforms, and processing
at least some of the information describing the preliminary tomosynthesis

images into information describing said reconstructed tomosynthesis images

5. A method as in claim 4 wherein the preliminary tomosynthesis images differ
from each other in pixel spacing while said reconstructed tomosynthesis

images are the same in pixel spacing.

6. A method as in claim 5 wherein the pixel spacing in the reconstructed

tomosynthesis images conforms to that of the mammogram image.

7. A method as in claim 1 wherein the reconstructed tomosynthesis images are
characterized by pixel spacing that conforms to that of the mammogram

image.

8. A method as in claim 1 comprising filtering at least some of the information
defining the projection tomosyntesis images to generate filtered information,
and backprojecting at least some of the filtered information to generate said
information defining the reconstructed tomosinthesis images, for one of said

slices at a time, using a geometry matrix as follows,

X
i
v|=(3;) ”
z
5 1
d,=uls
d3.=vfs
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where M; is a 3x4 geometry matrix for a backprojection i, (x,,2) is a location
of an image pixel in one of said reconstructed tomosynthesis images, and
(dxd,) is a location on an x-ray detector element or area for a line that

connects a focal spot from which the x-ray emanate and the image pixel.

9. A method as in claim 8 further comprising applying a 4x4 matrix

multiplication operation to said 3x4 geometry matrix M; according to

¥ }: 1

£ \ X x
vm(;)P‘ﬁﬁ Ly y R TN 5

Ly oo =| .
& 3 i X g Oi jr], Z
bl » .1 1

' where

to thereby orient said reconstructed tomosynthesis images at selected

directions defined by a choice of said 4x4 matrix.

10.  An x-ray system comprising:

an data acquisition unit that uses x-rays emanating from an origin and an x-ray
receptor to obtain information describing at least one projection x-ray mammogram
of a patient’s breast and a plurality of projection tomosynthesis images of the breast
taken at respective angles;

a pre-processor that receives said information from the x-ray receptor and subjects
it to pre-processing computer operations;

a tomo/mammo image reconstruction unit that receives the pre-processed

information and subjects it to further computer processing to form a mammogram
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image for display and to form reconstructed tomosynthesis images that represent

respective slices of the breast for display;

wherein anatomical structures that are at different heights in the breast and are

superimposed in the mammogram image appear at locations in the reconstructed

tomosynthesis images that conform to their location in the mammogram image; and

a display unit that selectively displays one or more of the reconstructed

tomosynthesis images and the mammogram image, said display unit comprising a

user interface controlling the display of said images.

11.

12.

13.

14.

A system as in claim 10 wherein said image reconstruction unit comprises a
computer-implemented cone beam reconstruction algorithm directly

generating the reconstructed tomosynthesis images.

A system as in claim 10 wherein said image reconstruction un_it comprises an
algorithm generating information describing preliminary tomosynthesis
images that represent breast slices but in which anatomical structures that are
at different heights in the breast but overlap in the mammogram image appear
at geometrically mismatched positions, and using at least some of the
information describing the preliminary tomosynthesis images to generate said

reconstructed tomosynthesis images.

A system as in claim 12 wherein said reconstruction unit comprises an
algorithm conforming the preliminary tomosynthesis images to a preliminary
coordinate system different from a coordinate system to which the
mammogram image conforms, and processing at least some of the information
describing the preliminary tomosynthesis images into information describing

said reconstructed tomosynthesis images

A system as in claim 13 wherein said reconstruction unit forms the

preliminary tomosynthesis images at pixel spacing that differ from each other
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15.

16.

17.

and forms said reconstructed tomosynthesis images in pixel spacing that are

the same for a plurality of the reconstructed tomosynthesis images.

A system as in claim 14 wherein said reconstruction unit forms the
reconstructed tomosynthesis images at a pixel spacing that conforms to that of

the mammogram image.

A system as in claim 10 wherein said reconstruction unit forms the
reconstructed tomosynthesis images at a pixel spacing that conforms to that of

the mammogram image.

A system as in claim 1o in which said reconstruction unit comprises and
algorithm filtering at least some of the information defining the projection
tomosyntesis images to generate filtered information, and backprojecting at
least some of the filtered information to generate said information defining the
reconstructed tomosinthesis images, for one of said slices at a time, using a

geometry matrix as follows,

X
i
Y= (sz d

z
&

1
d,=uls
dy:vfs

where M; is a 3x4 geometry matrix for a backprojection i, (x,),z) is a location
of an image pixel in one of said reconstructed tomosynthesis images, and
(dyd,) is a location on an x-ray detector element or area for a line that

connects a focal spot from which the x-ray emanate and the image pixel.
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18. A system as in claim 17 wherein said algorithm further comprises applying a

4x4 matrix multiplication operation to said 3x4 geometry matrix M; according

to

) r .
N o 7 ‘ X x

A raen S s Y AN
FEN I l@l{z)( {}; ! 1 \ y R3;: ?-; b
$ ﬁ 1 )" 2’ Z 03 ..‘:T 1 z '
T 1

-1 where 1

to thereby orient said reconstructed tomosynthesis images at selected

directions defined by a choice of said 4x4 matrix.

19. A method comprising:

transmitting x-rays successively at different directions through a patient’s breast
to obtain a conventional mammogram and a plurality of other projection images;

using at least the other projection images to reconstruct tomosynthesis images
representative of respective breast slices;

wherein the reconstructed tomosynthesis images conform to a geometric
coordinate system that conforms to a geometric coordinate system of the
mammogram such that anatomical structures that appear in the mammogram appear
at geometrically conforming places in respective ones of the reconstructed
tomosynthesis images; and

displaying at least some of the reconstructed tomosynthesis images and the

mammogram.

20. A method as in claim 19 in which the using step comprises reconstructing said
tomosynthesis images from the other projection images using a cone beam

reconstruction algorithm.
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21. A method as in claim 19 in which the using step comprises first reconstructing
initial slice images from said other projection images and then using the initial

slice images to reconstruct said reconstructed tomosynthesis images.
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