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SYSTEMS AND METHODS FOR TISSUE MAPPING

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U .S. Patent Appl. No. 61/840,277, filed June

27, 2013, the disclosure of which is incorporated herein by reference.

INCORPORATION BY REFERENCE

[0002] All publications and patent applications mentioned in this specification are herein

incorporated by reference to the same extent as if each individual publication or patent

application was specifically and individually indicated to be incorporated by reference.

FIELD

[0003] Described herein are various embodiments of tissue mapping systems and methods of

using such systems to map features in actual tissue onto idealized images.

BACKGROUND

[0004] Mapping, by definition, requires describing the relative location of features, with respect

to each other, and mapping medical images obtained by a medical examination requires that

location of identifiable tissue structures be described relative to other tissue features.

Traditionally, scanning devices have immobilized the patient and moved the scanning device

around that immobilized patient, or moved the immobilized patient through the scanning device

on a carrier. In the specific example of breast imaging examples of these methods are (1)

mammography, where the patient's breast is compressed between two paddles so that it cannot

move and an external x-ray imaging source takes images of the breast from one or more angles.

In the case of magnetic resonance imaging (MRI) the patient lies prone (on her stomach) on a

sort of stretcher and her breasts extend pendulously through holes in that stretcher, and the entire

stretcher structure is moved through the MRI imaging device. Even if several images are taken

over a sustained period of time, the breast structure does not move and the relative position of

one structure to another does not change.

[0005] When imaging a structure that is not immobilized, particularly when imaging an

inherently mobile structure, such as the female human breast, and even more particularly when

imaging that mobile structure with a plurality of images that are obtained at different moments in

time, the challenge of mapping the location of one tissue structure relative to another requires a

different perspective.



[0006] Methods, devices, and systems are disclosed herein to address the challenges associated

with mapping the relative locations of mobile tissue structures.

SUMMARY OF THE DISCLOSURE

[0007] Methods, apparatus, and systems for use with an ultrasound imaging console in screening

a volume of tissue are disclosed herein. The targeted human tissue can include a human breast.

[0008] In general, in one embodiment, a tissue mapping and imaging system includes an image

recording and mapping system in communication with a manual image scanning device having

an imaging probe. The manual image scanning device is configured to scan a volume of tissue

and output at least one scanned image. The image recording and mapping system is configured

to electronically receive and record the at least one scanned image, and the image recording and

mapping system is configured to construct an idealized tissue map from the at least one scanned

image. A position tracking system is configured to detect and track the position of the imaging

probe and provide location identifier information for the at least one scanned image. The

position tracking system can be configured to electronically output probe position data and the

location identifier information to the image recording and mapping system.

[0009] The image recording and mapping system can be configured to correlate a recorded

position for a tissue feature in a recorded image with an idealized position for the tissue feature

in the idealized tissue map. The idealized tissue map can be an idealized depiction of the

anatomy. The image recording and mapping system can be configured to align a recorded tissue

feature in the at least one scanned image with an idealized tissue feature in the idealized tissue

map. The idealized tissue feature can be a reference point. The image recording and mapping

system can be configured to align a recorded geometry of the at least one scanned image with an

idealized geometry of the idealized tissue map. The position tracking system can comprise a

plurality of position sensors coupled to the imaging probe, and the position sensors can be

configured to provide data corresponding to the position of the imaging probe. The position

tracking system can comprise at least one receiver configured to receive the position data from

the sensors. The system can further include microwave position sensors. The image recording

and mapping system can be configured to identify at least two reference marks in the tissue

based on the position and location information received from the position tracking system. The

image recording and mapping system can be configured to identify a coronal plane for the tissue

based on the position and location information received from the position tracking system. The

image recording and mapping system can be configured to identify a sagittal plane for the tissue

based on the position and location information received from the position tracking system. The

image recording and mapping system can be configured to scale the at least one scanned image



to the idealized tissue map based on the position and location information received from the

position tracking system. The image recording and mapping system can be configured to

identify a medial-lateral scale based on the position and location information received from the

position tracking system. The image recording and mapping system can be configured to

translate a recorded position for a region of interest in the at least one scanned image to a

corresponding position on the idealized tissue map. The image recording and mapping system

can be configured to perform the steps of identifying a plane of the scanned tissue, identifying a

first anterior-posterior projection through a tissue reference point to the identified plane,

identifying a second anterior-posterior projection through a probe reference point to the

identified plane, computing a relative angle between the first and second projections and medial-

lateral vector through the tissue reference point, computing a distance between the first and

second projections, and constructing the idealized map based on the relative angle and distance

computed. The image recording and mapping system can be configured to perform the steps of

determining a position of a region of interest in the scanned tissue volume relative to at least one

of the identified projections, computed angle, or computed distance, and depicting the region of

interest on the idealized tissue map in an idealized position based on the position of the region of

interest determined relative to at least one of the identified projections, computed angle, or

computed distance. The image recording and mapping system can be configured to translate a

recorded position of a region of interest in the at least one scanned image to a corresponding

position in the idealized tissue map. The tissue volume can be a patient's breast and the image

recording and mapping system can be configured to perform the steps of identifying a relative

coronal plane of the breast, identifying a nipple-to-middle-of-chest-wall vector, identifying

medial and lateral boundaries, identifying superior and inferior boundaries, identifying a sagittal

plane for the tissue volume, identifying a patient's coronal plane, and identifying a patient's

medial-lateral alignment. The image recording and mapping system can be configured to scale a

medial-lateral location of a region of interest to fit the idealized tissue map based on information

from the position tracking system. The image recording and mapping system can be configured

to scale a superior-inferior location of a region of interest to fit the idealized tissue map based on

information from the position tracking system during the lateral and medial scans.

[00010] In general, in one embodiment, a tissue mapping system includes a recording system

including a controller in communication with a manual image scanning device. The controller is

configured to electronically receive and record the scanned images from the manual image

scanning device, and to correlate recorded position of a region of interest to an idealized position

of the region of interest on an idealized depiction of the anatomy. A position tracking system

can further include at least one position and/or orientation sensor configured to provide data



corresponding to the position and/or three-dimensional orientation of the manual image scanning

device.

[0001 1] The controller can be configured to determine a differential angle of a patient's coronal

plane with reference to a plane of the floor. The controller can be configured to determine a

differential angle of a patient's arm with reference to a patient's transverse plane. The controller

can be configured to append location identifier information to the scanned images from the

manual image scanning device. The image recording and mapping system can be configured to

scale a medial-lateral location of a region of interest to fit the idealized depiction based on

information from the position tracking system. The controller can be configured to scale a

superior-inferior location of a region of interest to fit the idealized depiction based on

information from the position tracking system during the lateral and medial scans.

[00012] In general, in one embodiment, a method of constructing an idealized representation of a

patient's scanned breast includes:

[00013] (1) recording a scanned image of the patient's breast;

[00014] (2) conforming the geometry of the recorded image to an idealized geometry for an

idealized breast map; and

[00015] (3) depicting a recorded tissue feature in the idealized breast map by translating the

recorded position of the tissue feature in the scanned image to a corresponding position in the

idealized breast map.

[00016] The method can further include generating position data for the scanned image from a

plurality of sensors, electronically communicating the position data from the plurality of sensors

to a tissue map processor. Based on the position data the processor can identify a coronal plane

for the patient, a first anterior-posterior projection through a tissue reference point to the coronal

plane, and a second anterior-posterior projection through a probe reference point to the coronal

plane. The method can further include computing a relative angle between the first and second

projections and medial-lateral vector through the tissue reference point, computing a distance

between the first and second projections, and constructing the idealized map based on the

relative angle and distance computed. The processor can be configured to identify a relative

coronal plane of the breast, a nipple-to-middle-of-chest-wall vector, medial and lateral

boundaries, superior and inferior boundaries, a sagittal plane for the patient, a coronal plane for

the patient, and a medial-lateral alignment for the patient. The method can further include

scaling the scanned image to the size and shape of the idealized map. The processor can be

configured to apply trigonometric reconstruction to generate the idealized map. The processor

can be configured to apply geometric reconstruction to generate the idealized map.



BRIEF DESCRIPTION OF THE DRAWINGS

[00017] The novel features of the invention are set forth with particularity in the claims that

follow. A better understanding of the features and advantages of the present invention will be

obtained by reference to the following detailed description that sets forth illustrative

embodiments, in which the principles of the invention are utilized, and the accompanying

drawings of which:

[00018] FIG. 1 is an illustration of various views of a female human body and breast.

[00019] FIG. 2 illustrates various planes of a human body.

[00020] FIG. 3 illustrates examples of an idealized geometry of a human breast versus an example

of a realistic geometry of a human breast.

[00021] FIGS. 4A-4D illustrate additional examples of an idealized geometry of a human breast

versus an example of a realistic geometry of a human breast.

[00022] FIG. 5 illustrates lesions on models of a human breast.

[00023] FIGS. 6-7 illustrate images of an imaging probe scanning a human breast in accordance

with some embodiments.

[00024] FIG. 8 illustrates the location of a scan image relative to the geometry of a human breast

in accordance with some embodiments.

[00025] FIGS. 9 and 11 illustrate a coronal projection of the tissue map.

[00026] FIG. 10 illustrates coronal projections of the top and bottom image rows of the scanned

image.

[00027] FIG. 12 illustrates position mapping of a scanned image in accordance with some

embodiments.

[00028] FIG. 13 illustrates compensating for actual versus idealized tissue geometries in

accordance with some embodiments.

[00029] FIG. 14 illustrates the alignment of an ultrasound probe relative to a body in accordance

with an embodiment.

[00030] FIG. 15 illustrates a coronal projection of the tissue map in accordance with some

embodiments.

[00031] FIG. 16 illustrates an example of reconstructing coverage sections on an idealized

structure to determine the coverage of the scan.

[00032] FIG. 17 illustrates an example of overlapping scan images in accordance with some

embodiments.

[00033] FIG. 8 illustrates examples of variable breast sizes mapped to a standard tissue map in

accordance with some embodiments.

[00034] FIGS. 19A- 19C illustrate various views of the breast anatomy.



[00035] FIG. 20 illustrates various views and planes of the breast anatomy scanning the medial

and lateral boundaries in accordance with some embodiments.

[00036] FIG. 1 illustrates various views and planes of the breast anatomy scanning the superior

boundary to establish the coronal plane in accordance with some embodiments.

[00037] FIG. 22 illustrates various views of a lesion mapped on the actual scan spatial geometry

and idealized scan spatial geometry when the patient is on their side in accordance with some

embodiments.

[00038] FIG. 23 illustrates various views of a lesion mapped on the actual scan spatial geometry

and idealized scan spatial geometry when the patient is on their back in accordance with some

embodiments.

[00039] FIG. 24 illustrates various views of scan sections mapped on the actual scan spatial

geometry and idealized scan spatial geometry when the patient is in various positions in

accordance with some embodiments.

[00040] FIGS. 25-26 illustrate variances in mapping the tissue due to the scan pattern or

differences in the reference geometry.

[00041] FIGS. 27-30 are flow charts illustrating scanning sequences in accordance with some

embodiments.

[00042] FIG. 31 illustrates aspects of a tissue scanning and imaging system in accordance with

embodiments disclosed herein.

[00043] FIG. 32 illustrate a lesion on a breast of a human body relative to the body in different

positions in accordance with some embodiments.

DETAILED DESCRIPTION

[00044] Methods, devices, and systems are disclosed herein that can be used with manual imaging

techniques to improve mapping of a portion of a human anatomy, such as a female human breast.

Imaging a movable structure can be challenging when using multiple scans to image and map the

anatomy. The methods, devices, and systems disclosed herein can be used with an ultrasound

imaging probe and console to improve the mapping of the body tissue, such as the female human

breast.

[00045] The female human breast is often thought of as being hemispherical or conical and

protruding from the chest with the nipple pointing straight upward (anterior). The projection of

the nipple on the middle of the breast at the chest wall (coronal plane, A in figure 1) is directly

posterior of the nipple (B in figure 1). This, in fact, is almost never the actual case. Gravity

causes the breast to move so that the nipple is almost always offset from the middle of the breast

at the chest wall.



[00046] Most "maps" of the breast, however, depict an idealized breast. A lesion which is upper

and outer from the nipple (for example, at the 10:30 position on the right breast), but is close to

the chest wall (C in figure 1), but a lesion which is upper and outer from the nipple on that same

breast, but close to the nipple (D in figure 1) may be, because the entire breast is offset from the

true anterior posterior axis, at a different location, relative to the center of the breast on the chest

wall. If the breast were physically lined up on the true anterior-posterior axis, as is the case in

the ideal mapping presentation, they might appear to be one-behind-the-other.

[00047] Referring to Figure 1, in the shown breast orientation, the superior part of the breast is

extended and the inferior part of the breast is compressed. Thus, the 10:30 lesions described in

the previous paragraphs describe lesion which are at the same "o'clock" position and the same

"radius" from the nipple-to-center-of-breast vector. The relative depth, from the nipple, is

extended from what it would be in the ideal breast profile. Thus the depiction in the ideal

construction/reconstruction shows those lesions closer to each other than they are actually

measured on the ultrasound images. As another example, if there were two lesions on the

contra-side of the nipple-to-center-of-breast vector (E and F at 4:30), and the same depth, if the

breast were oriented straight out from the coronal plane, as the two lesions on the 10:30 side,

they would be compressed along with the rest of the breast. Therefore, the measured distance

between the two lesions would be closer than that measured by the ultrasound device.

[00048] In order to construct an "ideal" breast for mapping purposes (that is, a breast with the

nipple protruding from the chest wall with the nipple directly anterior to the center of the breast

on the chest wall), it is important to be able to map the features from the actual breast (or tissue)

onto an idealized image with some degree of spatial correspondence. For example, when

scanning breast tissue, the generated scanned image may show a suspicious lesion at a position

that is relative to a reference (such as the nipple) on the breast tissue while the breast tissue is in

a non-idealized and/or imaged orientation. When this lesion is then mapped onto an idealized

breast image, the placement of the suspicious lesion on the idealized image should correspond to

some degree with the location of the lesion in the scanned imaged orientation. This provides the

user with a sense of where the lesion is positioned in the actual breast relative to the reference

point.

[00049] To address this challenge, embodiments described herein provide for methods and

systems using location identification information for the actual orientation of the scanned breast

to depict the features of the scanned breast onto the idealized image. Additional embodiments

described herein align or otherwise modify the images of the actual breast orientation to conform

to an idealized breast. For example, some embodiments reconstruct an "ideal" breast for

mapping purposes by determining the orientation of the axis of the vector from the nipple to the



center of the breast at the chest wall, so that the vector, and the location of features relative to

that vector, may be adjusted to a true anterior posterior orientation.

[00050] Another additional aspect describes a device and method for obtaining a reference point

from which to measure all other image structures within an image set, such set being obtained

over a period of time, and using that reference to map those image structures relative to each

other. Further embodiments will be described in greater detail herein.

A. Coronal and Sagittal Projections of the Transverse Image

[00051] As shown in Figure 2, when describing the relative position of structures within the body

they are generally referenced off of three, orthogonal planes: (1) the sagittal plane (a plane which

is parallel to the plane that runs through the middle of the body separating the eyes, breasts, legs,

etc). The sagittal planes that are closer to the middle of the body are medial and the sagittal

planes that run closer to the outside of the body are lateral; (2) a transverse plane which is

parallel to the plane that runs through the middle of the body, bisecting the top (superior) and

bottom (inferior) sections; and (3) the coronal plane, (a plane which is parallel to the plane which

runs through the middle of the body separating the front (anterior) and back (posterior) parts of

the body).

[00052] Some embodiments provide for systems and methods of displaying the three-dimensional

image information on the two-dimensional format of the modern electronic radiology

workstation. Many tissue structures, particularly the breast, do not directly orient with axial,

sagittal, or the axial planes. Since the ultrasound probe is placed on the skin it is common to

think of the top row of the image as being the most anterior and the bottom part as being the

most posterior. While this is generally correct, it rarely is completely correct. For example,

when an ultrasound probe is at the base of the breast near the axilla, and that probe is angled

toward the center of the breast (on the chest wall), the "top" row of the image is actually more

lateral than anterior and the "bottom" row is more medial than posterior.

[00053] Some embodiments provide for systems and methods that display the three-dimensional

probe and image location (e.g. ultrasound) by calculating the projection of the probe and image

on both the coronal plane (as it runs under the breast, adjacent to the chest wall) and the sagittal

plane (as it runs through the middle of the breast, if the breast were oriented such that the nipple

was directly above the center of the breast on the chest wall).

1. Idealized vs Actual Geometry and the Coronal Projection of Features

[00054] Because some tissue structures, such as the breast, can be mobile, that is, they can move

when the patient is moved, there can be variations in actual vs idealized tissue structure

geometry. For instance, referring to Figure 3, an idealized breast would protrude from the base

of the chest wall with the center of the nipple corresponding to the center of the breast on the



chest wall, and the Anterior-Posterior vector. Many breasts will offset so that the nipple will not

be above the middle of the breast on the chest wall and the vector from the nipple to the middle

of the breast on the chest wall will not be parallel to the A-P plane. These variations can be

compensated for in order to provide an accurate tissue map.

[00055] As depicted in Figure 3, in the idealized breast profile the nipple protrudes from the torso

at a 90° angle to the patient's coronal plane. As described above, actual breasts are often

mobilized in an orientation that does not conform to the ideal geometry. To conform an image

of the actual breast to the ideal geometry, some embodiments, align the actual nipple-to-center-

of-breast-(at-chest-wall) vector to correspond to the idealized nipple-to-center-of-breast-(at-

chest-wall) vector (see Figures 4A-B).

[00056] As shown in Figure 3, the actual coronal plane does not conform to the idealized coronal

plane. As referred herein, the term "coronal plane" or "orthogonal plane" may be used broadly

to refer to a plane of the patient or tissue that is orthogonal to the actual nipple-to-center-of

breast vector. In the case of the non-idealized breast geometry, the actual coronal plane may not

be aligned or parallel to the idealized coronal plane.

[00057] As shown in Figures 4A-B, the actual breast geometry provides a vector from the nipple

to the middle of the breast on the chest wall that is not parallel with the idealized nipple to center

of breast vector. The image of the actual breast is translated, transformed, adjusted, or modified

to align the actual and idealized vectors. This may include rotating the image such that the

vectors are parallel or overlapping.

[00058] In addition to variations in the angle at which the breast is oriented, the size and shape of

different breasts vary. Some breasts are round. Other breasts are conical (pendulous) or flat.

The ratio of pendulous extension to breast diameter may not correspond to the idealized profile

of a hemisphere. As shown in Figures 4C-D, another transformation that can be performed is to

conform the pendulous extension to represent the idealized ratio.

[00059] Even though the breast is a three-dimensional object, conventional protocol is to present

structures in two-dimensional polar coordinates. Those coordinates are described as the radial

distance from the nipple-to-center-of-breast-(at-chest-wall) vector (D) and the angular rotation of

that radial vector (referenced from a standard vector, such as the top, or 1 o'clock vector (see

Figure 5).

[00060] As depicted in Figure 5, two different breasts may be shaped differently and may have

lesions that are located at different depths, but are positioned at the same radial distance (D) from

the nipple-to-center-of-breast-(at-chest-wall) vector and may be located on the same vector.

Even if these two lesions are at a different depth, they will be described as having the same

"location".



[00061] An example of this is provided in Figure 6. The ultrasound probe is placed on the medial

(M) portion of the left breast, superior to the nipple. The probe is held at a slight angle, oriented

such that the bottom row of the image, the deeper part of the image, is more inferior (I) than the

more superior (S) shallower part of the image. If the breast were not mobile, then an anterior (A)

- posterior (P) vector through the nipple would project the center of the breast on the coronal

plane at the chest wall. An AP vector through the middle of the probe projects the point

representing the middle of the probe on coronal plane at the chest wall.

[00062] The coronal projection of that middle point may be "mapped" by the angle (Θ) between

the vector of that point to the reference point (nipple projection on coronal plane) and the medial -

lateral (M-L) vector through the reference point and the distance (D) of that point from the

reference point as shown in Figure 7. The distance (D) is not the distance along the skin from

the nipple, but the distance from the coronal projection of the nipple to the coronal projection of

the point.

[00063] As shown in Figure 8, if A-P vectors were projected through the four corners of the

image, two "lines" would appear, representing the coronal projection of the "top" row (row

closest to the skin) and the "bottom" row (row furthest from the skin).

[00064] In some embodiments, the tissue mapping system described displays the coronal

projection of the top row (adjacent to skin) of the current probe location along with a history of

the recorded images, also presented as coronal projections of the top row, on a forward-facing

idealized torso (Figure 9).

[00065] In some embodiments, in order to present the image map locations in three dimensions,

the image is also projected onto the sagittal plane (see Figure 10). As shown in Figure 11, the

tissue mapping system contemplated displays the sagittal projection of the top row (adjacent to

skin) of the current probe location along with a history of the recorded images, also presented as

coronal projections of the top row, on a profile-facing idealized torso.

B. Absolute and Relative Image Locations

[00066] In some embodiments, each image recorded by the tissue mapping system contemplated

has location identifier information appended to the image file format (see Figure 12). In further

embodiments, those identification components are:

[00067] B, T, F (space holders for whatever identifier)

i. xo,yo,zo - the x, y, and z locations in space (relative to an arbitrary standard that is

common to all images in that track) of the feature represented by the pixel in the

upper left-hand corner of the image.



ii. i, i,z i - the x, y, and z locations in space (relative to an arbitrary standard that is

common to all images in that track) of the feature represented by the pixel in the

upper right-hand corner of the image.

in. X2,y2 , 2 - the x, y, and z locations in space (relative to an arbitrary standard that is

common to all images in that track) of the feature represented by the pixel in the

lower left-hand corner of the image

iv. X3,y3 ,Z3 - the x, y, and z locations in space (relative to an arbitrary standard that is

common to all images in that track) of the feature represented by the pixel in the

lower right-hand corner of the image

[00068] In some variations, the absolute accuracy of the locations of the position sensors, relative

to the position transmitter is accurate to within 5mm.

[00069] In other embodiments, the relative distances of the spacing of one recorded image to the

subsequent recorded image within a single scan row, (i.e., the resolution of the image spacing

within a single scan row) is accurate to within 1mm.

[00070] In some embodiments, the relative distance between two, adjacent, images is measured

by calculating the maximum of the distances between each of the four corners of the images

({xo,yo,z0} - {xo',yo\zo'}, {xi,yi,zi} - χ , ' ,ζ ι '}, {x2,y2,z2} - {x2 ',y 2 z2 '}, {x3,y3,z3} -

{x3 ',y 3',z 3 '}).

[00071] These distances may be found via the method of Pythagoras where:

{xo,yo,zo} - {xo',yo\z 0 ' } = sqrt ({x0 - xo'} 2 + {yo - yo'} 2 +{z0 - z0 ' }2)

[00072] Other methods and systems configured to determine the proper coverage and resolution

of recorded images in a single or multiple scan rows are described in patent application nos.

13/854,800 filed on April 1, 2013; 61/753,832 filed January 17, 2013; and 61/817,736 filed on

April 30, 2013, which are herein incorporated by reference in their entirety.

[00073] These location markers allow the user to identify the location of the image frame,

therefore, a region of interest (ROI) in one frame relative to a landmark which was identified

during the scanning process. In some variations, typical landmarks are the nipples (at the surface

of the skin) in the Breast mode and the navel (at the surface of the skin) in the abdominal mode.

[00074] Because some tissue structures are more mobile than others, reference landmarks may

move if the patient is repositioned between scan tracks. In order to accommodate the possibility

that the reference may move if the patient is repositioned, some embodiments allow the user to

establish a single reference mark for all of the recorded scan tracks, create a unique reference

point for each scan track, or create a set of unique reference points, each point serving as

reference for a grouping of scan tracks.



[00075] In further variations, the images recorded by the tissue mapping system are intended for

subsequent review, and not to guide an interventional procedure. The subsequent review may

prompt a third, non-invasive, real-time, examination in which the ultrasound probe is placed in

the general region of the ROI. As such, the absolute accuracy of the location of the ROI is

within ½ of a probe width.

[00076] In some embodiments, the accuracy of the absolute location of any image recorded with

the tissue mapping system described is intended to allow identification of a region of interest in a

subsequent review and allow accurate placement of an ultrasound probe in a third, subsequent,

diagnostic ultrasound procedure. As such, the system specifications are that the device will

accurately locate that region of interest, thus the absolute location of the probe, within one-half

of the width of the ultrasound probe. This accuracy may not be sufficient to determine the

appropriate placement of a needle (for biopsy) or tissue marker, or to direct other interventional

procedures without real-time imaging.

[00077] In other variations, if the patient or tissue structure moves more than ½ of a probe width

between the recording of a scan track, the user should re-define reference marker before

recording the next scan track. If the patient or tissue structure moves more than ½ of a probe

width during the recording of a scan track, it is the user's responsibility to re-define reference

marker and re-record that scan track.

C. Locating The Reference Point and Vector

[00078] In some embodiments, one or more scan tracks are referenced to the projection of an

anatomic structure on the coronal plane. In some variations, each scan track recorded is

referenced. For example, in the case of the breast exam that reference maker is assumed to be

the nipple - as that nipple would be located in an idealized breast geometry. Referring to Figure

13, if "half ' of the breast is scanned on one side of a plane transecting the nipple and the midline

of the breast, then that scan will cover half of the tissue of the breast, regardless of the actual

geometric orientation of the breast. In other words, the recorded images on one side of the

reference point are mapped to be on the same side of the idealized tissue image.

1. Marking the Reference

[00079] In some embodiments, to mark the reference the imaging device such as an ultrasound

probe should be placed on the reference point to establish an axis or plane. For ultrasound breast

imaging, an ultrasound probe is placed on the nipple such that the center of the row of imaging

elements is on the nipple and the line represented by the row of imaging elements is parallel to

the Transverse plane (that is, a projection of that line on the coronal plane will be in the medial-

lateral direction). As shown in Figure 14, the probe handle should be angled toward the center of

the breast on the chest wall. Thus, the vector passing through the middle of the handle and



through the middle of the imaging elements should also pass through the nipple and the middle

of the breast on the chest wall.

a. Rotating the Patient (see Figure 15)

[00080] The reference may be marked, even if the patient is rotated to allow better access to

portions of her anatomy. If the angle between the nipple/center-of-the-breast vector and a

horizontal plane (such as one that is parallel to the surface of the exam table) is less than 0,

however, the system may not be able to calculate a reference point.

2. Coverage and Sections

[00081] In some cases, by marking a new reference point when the patient or the tissue structure

is moved, the user may map the entirety of the structure with complete coverage. For example,

marking the reference point and scanning half of the breast when it is located in one position,

and scanning the other half when the breast is located at another position - if the new reference

point is identified first, results in complete coverage of the breast structure. (See Figure 16)

[00082[ ¾ order to improve the quality of coverage, overlapping sections of the tissue may be

scanned. Figure 17 shows scanning at the intersecting section boundaries.

D. Scaling the Recorded Images

[00083] The idealized vs actual tissue geometry is described in the first section. The breast size

and separation of the breasts can vary from woman to woman (see Figure 18). In some

embodiments, the tissue mapping system takes the recorded images, and associated locations,

and displays them on an idealized breast profile. In order to accomplish this task it may be

desirably to normalize actual locations and project them on to the idealized geometry.

[00084] The breast tissue is not confined to the pendulous structure that protrudes from the chest

wall (Figure 19A). It is located from just lateral of the sternum to under the arm pit (the axillary

tail) (Figure 19B). Because breast imagers are concerned with reviewing the lymph nodes that

drain the breast, in addition to the actual breast tissue, it may be desirable to image the entire area

from the clavicle to the bottom of the rib cage, and from the sternum to the axilla under the

armpit (Figure 19C).

[00085] In order to scale within these medial boundaries the "center" of the breast can first be

established. As described above, the breast is mobile and the actual orientation may vary from

the ideal orientation (i.e., where the nipple protrudes directly anterior to the center of the breast

at the chest wall and the coronal plane of the breast (that is, the plane which is orthogonal to

vector running from the nipple to the middle of the breast at the chest wall) matches the coronal

plane of the chest.)



[00086] Identifying this "center" is described above, and will provide the location of the nipple

and the location of the center of the breast at the chest wall. This process will also establish the

medial-lateral vector as well as the "coronal" plane of the breast.

[00087] After the "center" of the breast is identified, it may be desirable to identify the medial and

lateral-boundaries, the superior-inferior boundaries, and the actual sagittal and coronal planes. A

scan row from along the sternum, from the clavicle to the bottom of the rib cage will establish

the medial boundary, as well as the superior-inferior boundaries and the coronal plane. A scan

along the axilla will establish the lateral boundaries, as well as the sagittal plane and reconfirm

the inferior boundary. (See Figure 20).

[00088] It is not necessary to rely on one set of reference coordinates for the entire breast. As will

be described in the following section, when the breast mobilizes and the reference geometry of

the breast changes from the reference geometry of the patient's body, it reference coordinates

can be reestablished for subsequent scan information.

[00089] It may be possible to obtain the superior boundary and/or the medial boundary, and/or the

lateral boundary and/or the patient's coronal plane by scanning a medial-lateral path adjacent to,

and parallel with, the patient's sternum. (See Figure 1)

E. Reconstructing the Images to Reflect Ideal Breast Map

[00090] Once the relative coronal plane of the breast, the nipple-to-middle-of-chest-wall vector,

the medial and lateral boundaries, the superior and inferior boundaries, the patient's sagittal

plane, the patient's coronal plane, and the patient's medial-lateral alignment have been

identified, the recorded images may be reconstructed for viewing on a breast or tissue map.

[00091] The idealized vs actual tissue geometry is described in the first section. The breast may

be scanned at different orientations and it is desirable to normalize idealized locations from

actual locations based on the relative locations of landmarks, such as the nipple.

[00092] The idealized location may be constructed from the nipple-to-center-of-breast vector, the

medial-lateral vector, and the projected coronal plane (found during the reference mark). (See

Figure 22)

[00093] In some embodiments, after the reference locations have been identified then all scan

locations are adjusted from those reference marks until the patient moves.

1. Correcting the relative orientation of the features:

[00094] In some embodiments, the system measures the locations relative to the nipple-to-middle-

of-chest-wall vector. Since that vector is orthogonal to the coronal plane, the relative coronal

plane is identified. Since the actual coronal plane (medial scan) and sagittal plane (lateral scan)

are known, the orientation of features may be reconstructed by several methods, including:



i . Trigonometric Reconstruction

Rotating all of the features along the pivot of the intersection of the nipple-to-

chest-wall vector and the coronal plane of the breast until the coronal plane of

the breast matches the coronal plane of the patient and the nipple-to-middle-

of-chest-wall vector protrudes directly anterior to the chest wall, and

ii. Geometric Reconstruction (Pythagorean)

Determining the distance of the features from the reference points using the

method of Pythagoras (taking the square root of the sum of the squares of the

distances of the x, y, and z locations of the features from the ' , y', and z'

locations of the references and transforming those distances to new locations

(x", y", and z") relative to the standard reference of the idealized breast (x

yo, and z0).

2. Adjusting the "height" of the breast:

[00095] Adjusting the "Height" of the features as a function of the ratio to the length of the

nipple-to-middle-of-chest-wall vector and the height of the idealized breast on Breast Map.

3. Adjusting the "size" of the breast:

[00096] The width and height of the features may be adjusted to scale to the distance between the

medial scan and the lateral scan and the features may be overlain on the idealized breast map.

4. Multiple scans and multiple reference points

[00097] In some embodiments, it is not necessary to use the same set of reference coordinates for

the entire breast scan. There may be incidences where the patient may be lying on her side while

part of the breast is scanned, and lie on her back while another part is scanned, (see Figure 23)

[00098] Although the actual spatial location of the reference coordinates, that is the patient's

coronal and sagittal planes, medial-lateral vector, and the center of the breast at the chest wall,

will not change relative to the patient's actual body. The relative position of the nipple to those

structures, and the shape of the breast, may change, however.

[00099] Since the normalization process reduces all of the information that are obtained from

scans that are performed to an idealized breast geometry, that normalization process also allows

different sets of information, obtained when scanned to different sets of reference information, to

be overlain on the ideal breast geometry (see figures 20 and 21).

[000100] In some embodiments, these geometries are normalized by (see Figure 24):

i . Aligning the nipple locations for each section to a common spatial location,

ii. Aligning the nipple-to-center-of-chest-wall vector to a common direction for

all sections,



iii. Adjusting the nipple-to-center-of-chest-wall height to a common distance -

and adjusting the "height" of surrounding structures, of each section to match

a common structure, and

iv. Adjusting the medial-lateral and superior inferior scaling for all structures in

each section to match.

5. Absolute Accuracy in reconstructed breast profiles

[000101] It is important to note that, in the case of a screening ultrasound procedure, the

mapped information may be used to guide a second, non-invasive, diagnostic ultrasound

procedure. In some embodiments, the information will not be used to guide an interventional

procedure involving scalpels, needles, or radiation.

[000102] For instance, if the scanner is scanning the breast from the inferior to the superior

direction, some tissue may compress in front of the probe, similar to the snow plow on a train.

The tissue containing the lesion may be pushed somewhat superior before the probe reaches the

point where that lesion may be imaged (see Figure 23).

(000103] The opposite might be true if the breast were scanned from the superior to the

inferior direction. The tissue containing the lesion might be pushed inferior before it is imaged.

Figure 25 shows variances in absolute mapping of the same area due to differences in scan

patterns or reference geometries. In some variations, the transformation from actual to ideal

breast geometry may result in slight offsets when a feature is imaged using one set of calibration

factors as opposed to another.

[000104] The follow-up examination post ultrasound screening involves diagnostic

ultrasound. In the diagnostic ultrasound procedure it is desirable that, when the sonographer

places the probe at the location of the "mapped" lesion that the "mapped" lesion appear.

[000105] Since the calibration parameters for the "mapped" lesion location may not match

the patient orientation at the time of the diagnostic exam (for example, the breast may be

mobilized differently from body so that the angle and length of the nipple-to-center-of-breast

vector is different) the sonographer may have to rotate the probe, once placed on the lesion

"location" to actually find the lesion.

[000106] In some embodiments, the "mapped" location may only be accurate to within ½

of a probe width. (See Figure 26)

F. Logical Description of the Location and Scaling Process

[000107] Once the relative coronal plane of the breast, the nipple-to-middle-of-chest-wall

vector, the medial and lateral boundaries, the superior and inferior boundaries, the patient's

sagittal plane, the patient's coronal plane, and the patient's medial-lateral alignment have been

identified, the recorded images may be reconstructed for viewing on a tissue or breast map.



[000108] The idealized vs actual tissue geometry is described above. The breast may be

scanned at different orientations and the system may normalize idealized locations from actual

locations based on the scan parameters obtained at the beginning of the procedure.

[000109] In the case of a breast scan, if the scan parameters are obtained by a vertical scan

along the sternum and an orthogonal vertical scan along the side, starting under the rib cage, an

example method in accordance with some embodiments is illustrated in FIG. 27. If the scan

parameters are obtained by a horizontal scan along with and parallel to the clavicle, an example

method in accordance with some embodiments is illustrated in FIG. 28.

G. Patient Positioning

[0001 10] Since the breast tissue is mobile, it can sometimes be desirable to replicate the

breast orientation and the subcutaneous structures of the patient's breast. (See Figure 32) For

instance, if the patient is lying on her back, with her arms to her side, the breast will be oriented

in one manner and any lesion in that breast will have a relative orientation (with regard to the

nipple). If the patient raises her arm, the breast will mobilize and, perhaps rotate underneath the

skin. That lesion that was located at one position relative to the breast when the patient was

lying on her back (with her arms to her side) might move, or rotate, as well. If the patient is

rotated the breast will also mobilize and move relative to the nipple. That lesion that was located

at one position relative to the breast when the patient was lying on her back (with her arms to her

side) might move as well.

[0001 11] In some embodiments, during a diagnostic follow-up examination it is sometimes

desirable for the utlrasonographer to replicate the original patient positioning so that the

subsequent examination can locate the lesion at, relatively, the same location (relative to the

nipple) as it was during the original examination. It is possible for the position to be replicated if

the important patient positioning factors, such as patient rotation or arm position can be recorded

for replication.

[0001 12] In some embodiments, these positioning factors can be determined because:

a. The plane of the floor is known because the sensor receiver is on the floor.

The patient's coronal plane is known because it is determined during the

positioning calibration. Therefore, the patient rotation (the angular difference

between the plane of the floor and the patient's coronal plane) can be

determined.



b. The transverse plane is known because it is orthogonal to both the patient's

coronal plane and the patient's medial-lateral vector, both determined during

the positioning calibration. If the probe is placed on the arm such that the line

described by the ultrasound elements is parallel to the line described by the

axis of the humerus, then the angular deviation of the arm to the transverse

plan can be determined.

H. Logical Description of Patient Positioning Measurement

[0001 13] Once the relative coronal plane of the breast, the nipple-to-middle-of-chest-wall

vector, the medial and lateral boundaries, the superior and inferior boundaries, the patient's

sagittal plane, the patient's coronal plane, and the patient's medial-lateral alignment have been

identified, the patient positioning may be reconstructed.

[0001 14] In some embodiments the patient rotation may be determined as illustrated in

FIG. 29.

[0001 15] In some embodiments the arm position may be determined as illustrated in FIG.

30.

I . Systems for Tissue Mapping

[0001 16] Referring to FIG. 31, two principal subsystems are illustrated. A first subsystem

is the hand-held imaging system 12, which includes hand-held imaging monitor console 18,

display 17, hand-held imaging probe 14 and connecting cable 16. A second system (referred to

hereinafter as the "Image Recording and Tissue Mapping System"), according to the invention,

is represented in general at 10. The Image Recording and Tissue Mapping System 10 comprises

a data acquisition and display module/controller 40 including microcomputer/storage/DVD

ROM recording unit 41, display 3 and footpedal or other control 11. Foot pedal 11 is connected

to microcomputer/storage/DVD ROM recording unit 4 1 via cable 15 and removably attachable

connector 13. The Image Recording and Tissue Mapping System 10 also comprises position-

tracking system 20, which includes, by way of example, position tracking module 22 and

position sensor locator, such as a magnetic field transmitter 24. In addition, the Image

Recording and Tissue Mapping System 10 also comprises a plurality of position sensors 32a, 32b

and 32c affixed to the hand-held imaging probe 14. Although the hand-held imaging system 12

is shown as a subsystem separate from the scanning completeness auditing system 10, in some



embodiments, the two systems are part of the same overall system. In some cases, the imaging

device may be part of the scanning completeness auditing system.

[0001 17] Still referring to FIG. 31, hand-held imaging system 12 is connected to data

acquisition and display module/controller 40 via data transmission cable 46 to enable each frame

of imaging data (typically containing about 10 million pixels per frame) to be received by the

microcomputer/storage/DVD ROM recording unit 4 1 the frequency of which is a function of the

recording capabilities of the microcomputer/storage/DVD ROM recording unit 4 1 and the image

data transmission capabilities, whether it is raw image data or video output of the processed

image data, of the hand-held imaging system 12. Position information from the plurality of

position sensors 32a, 32b, and 32c, is transmitted to the data acquisition and display

module/controller 40 via the transmission cable 48. Cable 46 is removably attached to

microcomputer/storage/DVD ROM recording unit 4 1 of data acquisition and display

module/controller 40 with removably attachable connector 43 and is removably connected to

diagnostic ultrasound system 12 with connector 47.

[0001 18] The position tracking module 22 is connected to data acquisition and display

module/controller 40 via data transmission cable 48 wherein cable 48 is removably attached to

microcomputer/storage/DVD ROM recording unit 4 of data acquisition and display

module/control 40 with connector 45 and is removably connected to position tracking module

with connector 49. Position sensor locator, such as a magnetic field transmitter 24 is connected

to position tracking module 22 via cable 26 with removably attachable connector 25. Hand-held

imaging probe assembly 30 includes, by way of example, position sensors 32a-32c, which are

affixed to hand-held imaging probe 14 and communicate position data to position tracking

module 22 via leads 34a-34c, respectively, and removably attachable connectors 36a-36c,

respectively. Position sensor cables 34a-34c may be removably attached to ultrasound system

cable 16 using cable support clamps 5a-5f at multiple locations as seen in FIG. 31.

[0001 19] Any suitable sensor may be used to provide location and position data. For

example, magnetic sensors, optical markers (e.g. to be imaged by cameras), infrared markers,

and ultraviolet sensors are examples of suitable options. Furthermore, a position sensor may or

may not be a separate sensor added to the imaging device. In some cases, the sensor is a

geometric or landmark feature of the imaging device, for example, the corners of the probe. In

some embodiments, the optical, infrared, or ultraviolet cameras could capture an image of the

probe and interpret the landmark feature as a unique position on the imaging device.

[000120] Although certain location and motion recognition methods have been described

(e.g. Figure 31), it can be appreciated that any location and motion recognition methods,



software, devices, or systems can be used with the described embodiments. For example, sonar,

radar, microwave, or any motion or location detection means and sensors may be employed.

[000121] Moreover, in some embodiments, sensors may not need to be added to the

imaging device. Rather, location and motion detection systems can be used to track the position

of the imaging device by using geometric or landmark features of the imaging device. For

example, a location system may track the corners or edges of an ultrasound imaging probe while

it is scanned across a target tissue.

[000122] Additionally, the sensors may also provide orientation data such as pitch, roll, and

yaw. Such sensors may be position and/or orientation sensors that detect either position and/or

orientation data. In some cases, a position sensor may only detect position. The system may

then derive the undetected orientation information if needed.

[000123] In some embodiments, the Image Recording and Tissue Mapping System is

configured to reconstruct an idealized tissue map as described above. The Image Recording and

Tissue Mapping System may include computer software instructions or groups of instructions

that cause a computer or processor to perform an action(s) and/or to make decisions. In some

variations, the system may perform functions or actions such as by functionally equivalent

circuits including an analog circuit, a digital signal processor circuit, an application specific

integrated circuit (ASIC), or other logic device. In some embodiments, the Image Recording and

Tissue Mapping System includes a processor or controller that performs the reconstruction

functions or actions as described. The processor, controller, or computer may execute software

or instructions for this purpose.

[000124] "Software", as used herein, includes but is not limited to one or more computer

readable and/or executable instructions that cause a computer or other electronic device to

perform functions, actions, and/or behave in a desired manner. The instructions may be

embodied in various forms such as objects, routines, algorithms, modules or programs including

separate applications or code from dynamically linked libraries. Software may also be

implemented in various forms such as a stand-alone program, a function call, a servlet, an applet,

instructions stored in a memory, part of an operating system or other type of executable

instructions. It will be appreciated by one of ordinary skill in the art that the form of software

may be dependent on, for example, requirements of a desired application, the environment it runs

on, and/or the desires of a designer/programmer or the like. It will also be appreciated that

computer-readable and/or executable instructions can be located in one logic and/or distributed

between two or more communicating, co-operating, and/or parallel processing logics and thus

can be loaded and/or executed in serial, parallel, massively parallel and other manners.



[000125] In some embodiments, the construction/reconstruction methods described may be

performed by an imaging recording system that also performs additional other functions such as

measuring coverage and resolution of images in a single and subsequent scan tracks. For

example, the systems described in U.S. Patent Application Nos.: 13/854,800 filed on April 1,

2013; 61/753,832 filed January 17, 2013; and 61/817,736 filed on April 30, 2013, which are

incorporated by reference in their entirety, may include processors, controllers, computers, or

other components that are configured to reconstruct idealized images as described.

[000126] As for additional details pertinent to the present invention, materials and

manufacturing techniques may be employed as within the level of those with skill in the relevant

art. The same may hold true with respect to method-based aspects of the invention in terms of

additional acts commonly or logically employed. Also, it is contemplated that any optional

feature of the inventive variations described may be set forth and claimed independently, or in

combination with any one or more of the features described herein. Likewise, reference to a

singular item, includes the possibility that there are plural of the same items present. More

specifically, as used herein and in the appended claims, the singular forms "a," "and," "said," and

"the" include plural referents unless the context clearly dictates otherwise. It is further noted that

the claims may be drafted to exclude any optional element. As such, this statement is intended to

serve as antecedent basis for use of such exclusive terminology as "solely," "only" and the like in

connection with the recitation of claim elements, or use of a "negative" limitation. Unless

defined otherwise herein, all technical and scientific terms used herein have the same meaning as

commonly understood by one of ordinary skill in the art to which this invention belongs. The

breadth of the present invention is not to be limited by the subject specification, but rather only

by the plain meaning of the claim terms employed.



CLAIMS

1. A tissue mapping and imaging system comprising:

an image recording and mapping system in communication with a manual image

scanning device having an imaging probe, the manual image scanning device configured to scan

a volume of tissue and output at least one scanned image, the image recording and mapping

system configured to electronically receive and record the at least one scanned image, and the

image recording and mapping system configured to construct an idealized tissue map from the at

least one scanned image; and

a position tracking system configured to detect and track the position of the imaging

probe and provide location identifier information for the at least one scanned image, wherein the

position tracking system electronically outputs probe position data and the location identifier

information to the image recording and mapping system.

2 . The system of claim 1, wherein the image recording and mapping system is configured to

correlate a recorded position for a tissue feature in a recorded image with an idealized position

for the tissue feature in the idealized tissue map.

3. The system of claim 1, wherein the idealized tissue map is an idealized depiction of the

anatomy.

4. The system of claim 1, wherein the image recording and mapping system is configured to

align a recorded tissue feature in the at least one scanned image with an idealized tissue feature

in the idealized tissue map.

5. The system of claim 4, wherein the idealized tissue feature is a reference point.

6. The system of claim 1, wherein the image recording and mapping system is configured to

align a recorded geometry of the at least one scanned image with an idealized geometry of the

idealized tissue map.

7. The system of claim 1, wherein the position tracking system comprises a plurality of position

sensors coupled to the imaging probe, the position sensors configured to provide data

corresponding to the position of the imaging probe.

8. The system of claim 1, wherein the position tracking system comprises at least one receiver

configured to receive the position data from the sensors.



9. The system of claim 1, wherein the position tracking system includes microwave position

sensors.

10. The system of claim 1, wherein the image recording and mapping system is configured to

identify at least two reference marks in the tissue based on the position and location information

received from the position tracking system.

11. The system of claim 1, wherein the image recording and mapping system is configured to

identify a coronal plane for the tissue based on the position and location information received

from the position tracking system.

1 . The system of claim 1, wherein the image recording and mapping system is configured to

identify a sagittal plane for the tissue based on the position and location information received

from the position tracking system.

13. The system of claim 1, wherein the image recording and mapping system is configured to

scale the at least one scanned image to the idealized tissue map based on the position and

location information received from the position tracking system.

14. The system of claim 1, wherein the image recording and mapping system is configured to

identify a medial-lateral scale based on the position and location information received from the

position tracking system.

15. The system of claim 1, wherein the image recording and mapping system is configured to

translate a recorded position for a region of interest in the at least one scanned image to a

corresponding position on the idealized tissue map.

16. The system of claim 1, wherein the image recording and mapping system is configured to

perform the steps of:

identifying a plane of the scanned tissue;

identifying a first anterior-posterior projection through a tissue reference point to the

identified plane;

identifying a second anterior-posterior projection through a probe reference point to the

identified plane;

computing a relative angle between the first and second projections and medial-lateral

vector through the tissue reference point;



computing a distance between the first and second projections; and

constructing the idealized map based on the relative angle and distance computed.

17. The system of claim 16, wherein the image recording and mapping system is configured to

perform the steps of:

determining a position of a region of interest in the scanned tissue volume relative to at

least one of the identified projections, computed angle, or computed distance; and

depicting the region of interest on the idealized tissue map in an idealized position based

on the position of the region of interest determined relative to at least one of the identified

projections, computed angle, or computed distance.

18. The system of claim 16, wherein the image recording and mapping system is configured to

translate a recorded position of a region of interest in the at least one scanned image to a

corresponding position in the idealized tissue map.

19. The system of claim 1, wherein the tissue volume is a patient's breast and the image

recording and mapping system is configured to perform the steps of:

identifying a relative coronal plane of the breast;

identifying a nipple-to-middle-of-chest-wall vector;

identifying medial and lateral boundaries;

identifying superior and inferior boundaries;

identifying a sagittal plane for the tissue volume;

identifying a patient's coronal plane; and

identifying a patient's medial-lateral alignment.

20. The system in claim 1, wherein the image recording and mapping system is configured to

scale a medial-lateral location of a region of interest to fit the idealized tissue map based on

information from the position tracking system.



21. The system in claim 1, wherein the image recording and mapping system is configured to

scale a superior-inferior location of a region of interest to fit the idealized tissue map based on

information from the position tracking system during the lateral and medial scans.

22. A tissue mapping system comprising:

a recording system comprising a controller in communication with a manual image

scanning device, the controller configured to electronically receive and record the scanned

images from the manual image scanning device, and to correlate recorded position of a region of

interest to an idealized position of the region of interest on an idealized depiction of the anatomy;

and

a position tracking system comprising at least one position and/or orientation sensor

configured to provide data corresponding to the position and/or three-dimensional orientation of

the manual image scanning device.

23. The system of claim 22, wherein the controller is configured to determine a differential angle

of a patient's coronal plane with reference to a plane of the floor.

24. The system of claim 22, wherein the controller is configured to determine a differential angle

of a patient's arm with reference to a patient's transverse plane.

25. The system of claim 22, wherein the controller is configured to append location identifier

information to the scanned images from the manual image scanning device.

26. The system in claim 22, wherein the image recording and mapping system is configured to

scale a medial-lateral location of a region of interest to fit the idealized depiction based on

information from the position tracking system.

27. The system in claim 22, wherein the controller is configured to scale a superior-inferior

location of a region of interest to fit the idealized depiction based on information from the

position tracking system during the lateral and medial scans.

28. A method of constructing an idealized representation of a patient's scanned breast

comprising:

recording a scanned image of the patient's breast;

conforming the geometry of the recorded image to an idealized geometry for an idealized

breast map; and



depicting a recorded tissue feature in the idealized breast map by translating the recorded

position of the tissue feature in the scanned image to a corresponding position in the idealized

breast map.

29. The method of claim 28, further comprising:

generating position data for the scanned image from a plurality of sensors;

electronically communicating the position data from the plurality of sensors to a tissue

map processor, wherein based on the position data the processor identifies a coronal plane for the

patient, a first anterior-posterior projection through a tissue reference point to the coronal plane,

and a second anterior-posterior projection through a probe reference point to the coronal plane;

computing a relative angle between the first and second projections and medial-lateral

vector through the tissue reference point;

computing a distance between the first and second projections; and

constructing the idealized map based on the relative angle and distance computed.

30. The method of claim 28, wherein the processor is configured to identify a relative coronal

plane of the breast, a nipple-to-middle-of-chest-wall vector, medial and lateral boundaries,

superior and inferior boundaries, a sagittal plane for the patient, a coronal plane for the patient,

and a medial-lateral alignment for the patient.

31. The method of claim 28, further comprising scaling the scanned image to the size and shape

of the idealized map.

32. The method of claim 29, wherein the processor is configured to apply trigonometric

reconstruction to generate the idealized map.

33. The method of claim 29, wherein the processor is configured to apply geometric

reconstruction to generate the idealized map.
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