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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a method and
a device for imaging soft body tissue such as a female
breast. Furthermore, the invention relates to a computer
program product for performing such method and a com-
puter-readable medium having stored thereon such com-
puter program product.

BACKGROUND OF THE INVENTION

[0002] In order to be able to examine soft body tissue
such as a female breast and possibly detect tumourous
tissue therein, various imaging methods have been de-
veloped.
[0003] For example, mammography imaging uses X-
rays which are projected through the breast and are de-
tected after transmission such that, from the detected X-
ray intensity distribution, information may be derived with
respect to geometry and X-ray absorption of structures
within the breast. The images acquired by a mammog-
raphy X-ray projection are typically two-dimensional
(2D).
[0004] As an alternative imaging technique, optical to-
mography has been developed. Optical tomography is a
type of computer tomography that generates a digital vol-
umetric model of an object by reconstructing three-di-
mensional images made from light transmitted and scat-
tered through the object. Therein, optical tomography us-
es the fact that the object is typically at least partially
light-transmitting or translucent. Accordingly, these tech-
niques are best suitable for soft tissues such as present
in a female breast. For example, in diffuse optical tom-
ography (DOT) light in the near infrared spectrum is trans-
mitted through a soft tissue object and detected after
transmission. From data of detected light intensity, infor-
mation about structural properties and material proper-
ties within the soft tissue volume may be derived due to
differing diffusive characteristics of various tissue types.
For example, information about local concentrations of
oxygenated haemoglobin and deoxygenated haemo-
globin may be obtained by DOT and such information
may allow deriving additional information about function-
al properties of tissue comprised in a region of interest.
Three-dimensional (3D) images may be reconstructed
from such acquired optical tomography image data. The
spatial resolution of e. g. diffusive optical tomography
techniques is typically rather coarse, e.g. in a range of
several millimetres.
[0005] Qianqian Fang; Carp, S.A.; Selb, J.; Boverman,
G.; Quan Zhang; Kopans, D.B.; Moore, R.H.; Miller, E.L.;
Brooks, D.H.; Boas, D.A.; , "Combined Optical Imaging
and Mammography of the Healthy Breast: Optical Con-
trast Derived From Breast Structure and Compression,"
Medical Imaging, IEEE Transactions on , vol.28, no.1,
pp.30-42, Jan. 2009doi: 10.1109/TMI.2008.925082 dis-

closes combined X-ray mammography/diffusive optical
breast imaging. However, the proposed approach still
suffers from shortcomings concerning e.g. image quality
and/or patient comfort.
[0006] The preamble of claim 1 is disclosed by each
of the documents US2007/238957,XP055055836 and
US2007/244395.

SUMMARY OF THE INVENTION

[0007] The invention is defined in the independent
claims.
[0008] There may be a need e.g. for a method of im-
aging soft body tissue such as a female breast and for a
device implementing such method allowing improved vis-
ualization of structures and tissue characteristics occur-
ring within a region of interest of the soft body tissue.
Particularly, there may be e.g. a need for an imaging
method and device providing information on soft body
tissue characteristics at high spatial resolution. Further-
more, there may be a need for a computer program prod-
uct adapted for implementing such method on a compu-
ter and for a computer-readable medium having stored
thereon such computer program product.
[0009] At some of the needs resulting from shortcom-
ings of prior art approaches may be met by the subject-
matter of the independent claims. Further embodiments
of the invention are defined in the dependent claims.
[0010] According to a first aspect of the present inven-
tion, a method of imaging a soft body tissue is proposed
to comprise the following steps: (a) acquiring first image
data for a first image of a region of interest of the soft
body tissue using X-ray projection; (b) acquiring second
image data for a second image of the region of interest
of the soft body tissue using optical tomography; (c) de-
riving estimated bulk optical properties of the soft body
tissue in the region of interest from the acquired first im-
age data; and (d) reconstructing the second image from
the second image data using the derived estimated bulk
optical properties.
[0011] The method steps can be performed in a differ-
ent order than indicated. For example, the order of steps
(a) and (b) may be inversed.
[0012] A general idea underlying the first aspect of the
invention may be seen in realizing synergy effects by
acquiring image data using two different types of imaging,
i. e. X-ray projection imaging and optical tomography im-
aging, wherein not only the advantages of each of the
imaging techniques are combined but further advanta-
geous effects may be achieved.
[0013] For example, benefit may be taken from the fact
that first image data acquired using X-ray projection may
provide for two-dimensional images representing X-ray
absorption characteristics of the radiographed soft body
tissue at high spatial resolution. From such first image
data an estimation of optical properties in the bulk of the
soft body tissue may be derived. Such information may
subsequently be used to improve the reconstruction of a
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second image from second image data acquired using
optical tomography techniques. Typically, such second
image reconstruction may be complex and may suffer
from inaccuracies as in such reconstruction specific as-
sumptions generally have to be taken before initiating
the reconstruction. The determination of such assump-
tions is generally complicated and may result in inaccu-
racies in the reconstructed image. Inter alia, such as-
sumptions may relate to bulk optical properties present
in the soft body tissue to be imaged using optical tomog-
raphy as such bulk optical properties may influence the
transmission and diffusion of light used for the optical
tomography imaging.
[0014] It is proposed herein to provide a high quality
estimate for such bulk optical properties by deriving es-
timated bulk optical properties of the soft body tissue from
previously acquired X-ray projection image data allowing
deriving bulk optical properties at high spatial resolution.
Using such estimated bulk optical properties, the recon-
struction of the optical tomography image may be im-
proved and may, inter alia, show increased spatial res-
olution.
[0015] Embodiments of the proposed method may be
specifically used for imaging a female breast. The first
image data may then be acquired using mammography
X-ray projection and the first image may also be referred
to as a mammogram. In such imaging of a female breast,
the second image data may be advantageously acquired
using diffused optical tomography (DOT). DOT may pro-
vide for a three-dimensional image including functional
information about the tissue comprised in a region of in-
terest.
[0016] The proposed imaging method further compris-
es an additional process step of acquiring third image
data for a third image of the region of interest of the soft
body tissue using X-ray projection. Therein, the first im-
age data is acquired with the soft body tissue being in a
first compression state and the second and third image
data is acquired with the soft body tissue being in a dif-
ferent second compression state at lower compression
than in the first compression state.
[0017] The acquisition of third image data improves
further the reconstruction of the second image acquired
by optical tomography. Particularly it is beneficial to ac-
quire first image data of e. g. a female breast at high
compression of the breast and, additionally, acquire third
image data at lower compression of the breast, both im-
age data being acquired using X-ray projection. While,
at high compression of the breasts, a mammogram of
high quality and high information content may be ac-
quired, the high compression may be uncomfortable for
the patient. As optical tomography requires relatively long
illumination periods, the second image data using optical
tomography may be acquired at lower compression of
the breast thereby considerably improving comfort of the
patient. In order to better correlate the first image data
and the second image data, these first and second image
data being acquired using different imaging techniques

and at different compression states, third image data are
further acquired, these third image data being acquired
with the same technique as the first image data and at
the same compression state as the second image data.
[0018] For example, the first image data and the third
image data may be elastically registered to one another.
Thereby, a so-called "deformation prior" relating to the
first and second compression state of the breast may be
derived. This deformation prior may comprise informa-
tion about how the examined soft body tissue is deformed
between the first compression state and the second com-
pression state. Such information may be advantageously
used in subsequently reconstructing the second image
from the second image data.
[0019] For example, bulk estimated optical properties
of the soft body tissue derived from the first image data,
being acquired at high compression, may be transformed
using the information contained in the transformation pri-
or. The second image may then be reconstructed from
the second image data, acquired at low compression,
while additionally using such transformed bulk optical
properties.
[0020] In other words, bulk optical properties may first
be estimated by deriving information from the first image
data which have been acquired with X-ray projection at
high compression of the soft body tissue and therefore
comprise high resolution detailed structural information
about local absorption in the soft body tissue. Then, in
order to improve the patient’s comfort, the compression
of the soft body tissue may be reduced and second and
third image data may be acquired using optical tomog-
raphy and using X-ray projection, respectively. The high
quality information comprised in the first image data may
then be used for estimating bulk optical properties. In
principle, such bulk optical properties could also be de-
rived from the third image data, acquired at lower com-
pression, but with lower information quality as X-ray pro-
jection at such lower compression typically results in im-
ages having lower spatial resolution and/or less informa-
tion about local X-ray absorption. Therefore, the detailed
information on bulk optical properties derived from the
first image data is to be used and is then transformed to
the geometry of the soft body tissue taken in the second
lower compression state. Therein, the information ob-
tained by registering the first image data and the third
image data, both being acquired with X-ray projection
but in different compression states, may be used as de-
formation prior in transforming the estimated bulk optical
properties which have previously been derived from the
high quality first image data. Thus, the information about
the bulk optical properties is maintained at high quality
but is transformed into the geometry which is taken by
the soft body tissue in the second compression state at
which also the second image data is acquired using op-
tical tomography. Accordingly, the second image may
finally be reconstructed at high quality from the second
image data using such transformed bulk optical proper-
ties.
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[0021] In the proposed method, the first image data
may be acquired with a first setting for X-ray energy, X-
ray spectrum and/or X-ray dose and the third image data
may be acquired with a different second setting for X-ray
energy, X-ray spectrum and/or X-ray dose.
[0022] In such embodiment, benefit may be taken from
the fact that soft body tissue may have different X-ray
absorption characteristics at different settings for the ra-
diation used for the X-ray projection. In other words, a
specific type of soft body tissue may have different X-ray
absorption characteristics at different X-ray energy, X-
ray spectrum and/or x-ray dose than another type of soft
body tissue. Accordingly, by using different settings for
the X-ray radiation used in acquiring the first image data
and third image data, respectively, additional information
on the local distribution of tissue types in the soft body
tissue may be acquired.
[0023] For example, estimated information on tissue
composition of the soft body tissue in the region of interest
may be derived taking into account the acquired first im-
age data and the acquired third image data. Subsequent-
ly, estimated bulk optical properties of the soft body tissue
in the region of interest may be derived from the estimat-
ed information on tissue composition. Finally, the second
image may be reconstructed from the second image data
using such estimated bulk optical properties.
[0024] Accordingly, in such embodiment, estimated
bulk optical properties may be derived not only based on
a single data acquisition with X-ray projection, i.e. the
first image data, but on two data acquisitions using X-ray
projection at different X-ray settings. From these two im-
age data, additional information may be derived, such
additional information relating to tissue composition in
the region of interest of the soft body tissue. As the optical
properties within the region of interest may, inter alia,
depend on the local tissue composition, this additional
information may then be used for a more precise estimate
of the bulk optical properties in the region of interest.
Such improved estimate may result in enabling improved
reconstruction of the second image, i.e. the optical tom-
ography image.
[0025] The reconstructed second image may be dis-
played together with the first image. Both images may
relate to different information content. For example, the
second image may comprise information on physiologi-
cal functions within the soft body tissue whereas the first
image may comprise detailed geometrical information on
structures within the soft body tissue.
[0026] The first and second images may be displayed
as a registered superposition of a two-dimensional sec-
ond image derived from the reconstructed three-dimen-
sional second image and of the two-dimensional first im-
age.
[0027] Therein, the 2D second image may e.g. be de-
rived from the reconstructed 3D second image for exam-
ple by calculating a 2D projection through the 3D second
image with respect to an imaging plane corresponding
to the imaging plane at which the first image is acquired

by X-ray projection. Alternatively, the 2D second image
may e.g. be derived from the reconstructed 3D second
image for example by calculating a 2D slice of the 3D
second image in a plane parallel to the imaging plane at
which the first image is acquired.
[0028] While the first and second 2D images may be
acquired at different compression states of the soft body
tissue and may therefore relate to different geometrical
states of the region of interest in the soft body tissue,
these two 2D images may be superpositioned after reg-
istering the images. The registration may comprise a
transformation of the first 2D image, acquired in a first
geometrical state of the soft body tissue at high compres-
sion, to a second geometrical state of the soft body tissue
at low compression at which the second image data have
been acquired, or vice versa. After such transformation,
both 2D images may be superpositioned and displayed
to the user, thereby enabling simplified image analysis
by the user.
[0029] According to a further aspect of the present in-
vention, an imaging device is proposed. This imaging
device is adapted for performing embodiments of the
above-identified imaging method.
[0030] For example, the imaging device may comprise
a soft body tissue compressor for compressing the soft
body tissue at different compression states. Further-
more, an X-ray source and an X-ray detector arranged
on opposite sides of the soft body tissue compressor as
well as an optical tomography light source and an optical
tomography light detector arranged on opposite sides of
the soft body tissue compressor, are provided. Further-
more, a computer adapted to performing the above-de-
fined method in one of its embodiments is comprised in
the imaging device.
[0031] The imaging device may be adapted to auto-
matically control at least one of the soft body tissue com-
pressors, the X-ray source, the X-ray detector, the optical
tomography light source and the optical tomography light
detector.
[0032] Accordingly, the imaging device may be adapt-
ed to automatically acquire first, second and, optionally,
third image data using a respective means for X-ray pro-
jection and optical tomography, respectively, and, pos-
sibly, bringing the soft body tissue to specific different
compression states using the soft body tissue compres-
sor.
[0033] According to a third aspect of the present inven-
tion, a computer program product is proposed to com-
prise computer-readable instructions for instructing a
computer to perform a method according to an embodi-
ment of the above-identified method. Such computer pro-
gram product may be stored on a computer-readable me-
dium. The computer program product may use computer-
readable instructions in any suitable programming lan-
guage to acquire image data from respective imaging
means, process such data and finally output such data
for e.g. visualization. The computer-readable medium
may be any type of medium adapted for storing computer-
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readable instructions such as e.g. CDs, DVDs, flash
memory, etc.
[0034] It has to be noted that aspects and embodi-
ments of the present invention and possible features and
advantages thereof are described herein with reference
to different subject-matters. In particular, some embodi-
ments are described with reference to method type
claims whereas other embodiments are described with
reference to device type claims. However, a person
skilled in the art will understand from the above and the
following description that, unless other notified, in addi-
tion to any combination of features belonging to one type
of subject-matter also any combination between features
relating to different subject-matters, in particular between
features of the device type claims and features of the
method type claims, is considered to be disclosed with
this application.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] Embodiments of the present invention are de-
scribed in the following with reference to the enclosed
figures. Neither the description nor the figures shall be
interpreted as limiting the invention.

Fig. 1 shows an imaging device according to an em-
bodiment of the present invention.
Figs. 2(a), (b) show mammograms acquired at nor-
mal and reduced compression.

[0036] The figures are only schematically and not to
scale.

DETAILED DESCRIPTION OF EMBODIMENTS

[0037] Fig. 1 shows an imaging device 1 which may
be used for performing an imaging method according to
embodiments of the present invention as described in
further detail below. The imaging device 1 is adapted for
imaging a female breast 17 at different compression
states and with different imaging modalities.
[0038] The imaging device 1 comprises a soft body
tissue compressor 15 having a compression paddle 13
which may be moved in a vertical direction 23 as indicated
in figure 1. Using the movable compression paddle 13,
a female breast 17 interposed between the compression
paddle 13 and a housing 21 may be compressed to dif-
ferent compression states as schematically indicated in
the figure by dotted and solid lines, respectively.
[0039] An X-ray source 3 and an X-ray detector 5 are
arranged at opposite sides of the compressor 15. The X-
ray source 3 may emit X-rays towards a region of interest
within the breast 17 such that these X-rays are transmit-
ted through the region of interest and are subsequently
detected by the X-ray detector 5. Accordingly, mammog-
raphy X-ray projections may be acquired.
[0040] The X-ray source 3 may be operated at different
operating conditions such as e.g. different acceleration

voltages, electron flow densities, etc., such that an en-
ergy, a spectrum and/or a dose of X-rays emitted by the
X-ray source 3 may be varied. Furthermore, filters 7 may
be introduced into an X-ray beam and may be dynami-
cally exchangeable. By establishing such different set-
tings during X-ray image data acquisition, characteristics
of the X-rays emitted from the X-ray source 3 may be
specifically adapted such that different types of body tis-
sue show differing X-ray absorption characteristics de-
pending on the X-ray absorptions such that, finally, infor-
mation on the tissue composition within the region of in-
terest may be acquired with high precision.
[0041] Additionally to the components 3, 5, 7 of the
radiography equipment, components of optical tomogra-
phy equipment may be arranged adjacent to the breast
17. An optical tomography light source 9 may be arranged
on top of the transparent compression paddle 13 and an
optical tomography light detector 11 may be arranged
underneath the breast 17, for example within the housing
21 which may also be transparent to light emitted by the
optical tomography light source 9.
[0042] The optical tomography light source 9 compris-
es a multiplicity of individual light emitters at different lo-
cations such that light, for example in the near infrared
(NIR) spectral range, may be emitted towards the breast
17 and transmitted through the breast 17 at different an-
gles towards the optical tomography light detector 11.
The optical tomography light detector 11 comprises a
multiplicity of individual light detectors distributed in a ma-
trix such that light transmitted through the breast 17 and
possibly diffused therein may be two-dimensionally de-
tected. By acquiring a multiplicity of two-dimensional im-
ages using the optical tomography light detector 11 upon
light transmission through the breast at different angles,
a three-dimensional optical tomography image may be
reconstructed. In a beneficial setup, various lights sourc-
es may be combined to obtain varying patterns of light
emission which may be detected by all sensors. This may
yield quasi-angular information which may be subse-
quently used for image reconstruction. Accordingly, there
may be no need for mechanical movement of compo-
nents of the DOT equipment during the DOT acquisition.
[0043] All components of the imaging device 1, i.e. the
X-ray source 3, the X-ray detector 5, the filters 7, the
optical tomography light source 9, the optical tomography
light detector 11 and a moving mechanism (not shown)
for the movable compression paddle 13 of the compres-
sor 15 are connected to a control 19. This control 19 may
control and operate the components automatically and
acquire, process and output data from the components
in order to perform an imaging method according to an
embodiment of the present invention as described in the
following.
[0044] First, the female breast is arranged on top of
the housing 21 and underneath the compression paddle
13. By lowering the compression paddle 13 along the
direction 23, the breast 17 is compressed to a first com-
pression state as indicated by the dotted line in Figure 1.

7 8 



EP 2 782 504 B1

7

5

10

15

20

25

30

35

40

45

50

55

[0045] In such first compression state, first image data
of the breast 17 are acquired by projecting X-rays from
the X-ray source 3 through the breast 17 towards the X-
ray detector 5 and detecting the transmitted X-rays by
the detector 5. For such mammography X-ray projection,
standard settings for X-ray energy, X-ray spectrum, X-
ray dose and the selection of the filter material 7 may be
used.
[0046] Subsequently, the compression to the breast
17 is reduced by moving the compression paddle 17 up-
wards. Thereby, a second compression state of the
breast 17 as indicated in Figure 1 by the solid line may
be obtained.
[0047] In such second compression state, another
mammogram is acquired. In other words, third image da-
ta of the region of interest of the breast 17 are acquired
by X-ray projection. In such X-ray projection at the second
compression state of reduced compression, different set-
tings for the X-ray source 3 and/or the filters 7 may be
used. For example, an acceleration voltage of the X-ray
source 3 may be increased and an electron flow density
may be reduced and the filter introduced into the X-ray
beam may be exchanged such that the third image data
are acquired with high X-ray photon energy at low-dose.
[0048] Then, the optical tomography light source 9 and
the optical tomography light detector 11 may be arranged
adjacent to the breast 17 while keeping the breast 17 in
the second compression state. Using this optical tomog-
raphy equipment 9, 11, second image data of the region
of interest of the breast 17 are acquired.
[0049] After such image data acquisition, the breast 17
may be released from the compressor 15. Optionally, the
procedure may be repeated for the second breast.
[0050] Figure 2(a) shows a mammogram of the breast
17 in the first high compression state. Figure 2(b) shows
a mammogram in the second low compression state. It
may be clearly seen that in the mammogram of the first
high compression state, more details are visible.
[0051] All the image data may be acquired by the de-
tectors 5, 11, respectively, as digital data and may be
transferred to a computer 25 comprised in the control 19.
The computer 25 is adapted for acquiring the first, second
and third image data and processing these data.
[0052] For example, the computer 25 may derive an
estimation of bulk optical properties of the breast 17 from
the acquired first image data and use such estimated
bulk optical properties in order to improve reconstruction
of the second image, i.e. a three-dimensional optical to-
mography image, from the second image data.
[0053] In a preferred embodiment, the computer 25
performs an elastic registration of the two acquired mam-
mograms, i.e. the first image and the third image, in order
to thereby derive information for a deformation prior re-
lating to the first and second compression states of the
breast 17.
[0054] Furthermore, the computer 25 may analyze a
tissue composition of soft body tissue within the breast
17 based on breast density and dual energy spectral de-

composition. Therein, information on tissue composition
of the breast in the region of interest may be derived by
taking into account the first image data and the third im-
age data acquired at different X-ray settings and analyz-
ing differences between these first and third image data.
Details on possible dual-energy volumetric breast den-
sity assessment may be derived from European applica-
tion No. 10194750.5.
[0055] Such estimated information on tissue composi-
tion may be subsequently used in reconstructing the sec-
ond image from the second image data as such informa-
tion on tissue composition may serve for more precisely
estimating bulk optical properties of the breast in the re-
gion of interest. Accordingly, this information may be
used for more accurate volume of interest definition as
initialization for optical tomography reconstruction.
Therein, the volume of interest definition may not be
linked to tissue composition, but can be derived directly
from the high spatial resolution of the third image data
alone. It is important to mention that there is no deforma-
tion between second and third image data.
[0056] Finally, the computer 25 may process the ac-
quired image data for displaying a registered superposi-
tion of a two-dimensional image derived from the recon-
structed second image and of a first image. In other
words, the local distribution of functional data as derived
from the second image data of the optical tomography
image acquisition and the structural data as derived from
the first mammography image may be registered and su-
perpositioned. In order to obtain a registered overlay of
the structural data from the mammogram acquired at nor-
mal compression and standard dose and the optical to-
mography measurement acquired at reduced compres-
sion, information comprised in the deformation prior as
derived by elastically registering the first and third image
data may be used. Finally, the overlaid first and second
image may be visualized as a fused image. Such visu-
alization may be presented to a user, for example on a
display or may be printed out.
[0057] As such visualized fused image comprises both
structural features at high resolution from the mammo-
gram and functional features from the optical tomography
image and, as furthermore, the optical tomography image
is of high quality as a result of using additional information
derived from the mammogram, such fused image may
provide valuable information to a physician in order to
detect for example cancerous tissue within the breast.
[0058] Finally, possible features, functions and advan-
tages of embodiments of the present invention may be
summarized in a different wording as follows.
[0059] Multimodal fusion of diffuse optical tomography
(DOT) and mammography promises to overcome defi-
ciencies of both imaging modalities by drawing on the
strength of each thereby possibly enabling synergy ef-
fects. Functional information with a spatial resolution in
the range of 10 millimetres is provided by optical prop-
erties and high resolution structural image contrast is
generated using X-rays with spatial resolution of possibly
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less than 0.1 millimetres. The DOT measurement may
be integrated with a mammography system. However,
DOT requires a lengthy measurement acquisition that
may add up to the acquisition time for a mammogram.
[0060] In order to improve patient comfort, it is desira-
ble to perform DOT at reduced breast compression.
[0061] This may introduce a correspondence problem
between the result of the DOT measurement and the
mammogram, and may require an estimation of a defor-
mation field. Furthermore, DOT may be sensitive to an
estimation of bulk optical properties in order to correctly
interpret the measured response. Existing techniques
with optical cameras are only able to capture external
deformation without information about the internal struc-
tures of the breast. In addition, it may be hard to determine
optical properties accurately from a single mammogram
without precise knowledge about compression height.
[0062] In other words, main disadvantages of com-
bined mammography and DOT acquisitions are long
measurement times. Reduced breast compression may
improve the patient comfort but introduces a correspond-
ence problem: Mammograms have to be acquired at nor-
mal compression in order to achieve sufficient visibility
of structures for diagnostic purpose; DOT measurements
are performed at reduced compression because of the
long measurement time, but they lack structural contrast
and only provide functional responses at a coarse reso-
lution.
[0063] According to embodiments of the invention,
such correspondence problem may be overcome by us-
ing a deformation prior derived from the registration of
two mammograms.
[0064] Furthermore, the use of a single two-dimension-
al mammogram to estimate bulk optical properties for
DOT normalization may be disadvantageous. Extracting
tissue fractions from mammograms may be highly sus-
ceptible to inaccurate compression height estimation and
therefore error-prone. According to embodiments of the
invention, such disadvantage may be overcome by com-
plementing a first mammogram with a dual energy pen-
dant at reduced compression.
[0065] According to embodiments, the invention pro-
poses a method to fuse a digital mammogram with the
result of a diffuse optical tomography (DOT) at a different
breast compression. DOT typically only provides coarse
resolution and requires structural information of a com-
plementary modality in order to allow spatial evaluation
of the data. Furthermore, DOT depends on estimated
bulk optical properties, i.e. different tissue types within
the volume of interest, in order to normalize the response.
To improve patient comfort during a lengthy DOT acqui-
sition, it is desirable to perform it at reduced breast com-
pression. However, mammographic image quality may
strongly depend on a high breast compression. Thus, it
is proposed to acquire an additional low-dose radiograph
at reduced compression using different filter and/or en-
ergy settings for X-ray acquisition.
[0066] According to embodiments of the invention, an

additional low-dose mammogram is exploited at the
same reduced compression as used for an optical tom-
ography image acquisition. Using a deformable registra-
tion scheme, it may be possible to derive a smooth de-
formation field containing correspondences between pix-
els in the mammogram acquired at normal compression
and the follow-up acquisition at reduced compression.
These correspondences also connect DOT and radio-
graphic image data and thus allow an accurate overlay
of functional and structural image content.
[0067] To improve an estimation of bulk optical prop-
erties from the mammogram(s) for normalization of the
DOT results, it may be possible to acquire the second
mammogram with different photon energy, target mate-
rial and/or filter material. With such a dual energy ap-
proach, relevant structures for a registration would still
be visible within the mammogram on the one hand and
the decomposition of the breast into different tissue types
can be performed more robustly using the two comple-
mentary energies, compared to tissue type decomposi-
tion estimation from a single mammogram. Moreover,
high spatial resolution of the mammogram acquired at
the same compression level as the DOT acquisition may
allow for more accurate definition of a volume of interest
for DOT reconstruction.
[0068] It should be noted that the term "comprising"
does not exclude other elements or steps and that the
indefinite article "a" or "an" does not exclude the plural.
Also elements described in association with different em-
bodiments may be combined. It should also be noted that
reference signs in the claims shall not be construed as
limiting the scope of the claims.

LIST OF REFERENCE SIGNS:

[0069]

1 imaging device
3 X-ray source
5 X-ray detector
7 exchangeable filters
9 optical tomography light source
11 optical tomography light detector
13 compression paddle
15 soft body tissue compressor
17 breast
19 control
21 housing
23 moving direction
25 computer

Claims

1. A method of imaging a soft body tissue (17), the
method comprising:

- acquiring first image data for a first image of a
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region of interest of the soft body tissue using
X-ray projection;
- acquiring second image data for a second im-
age of the region of interest of the soft body tis-
sue using optical tomography;
- deriving estimated bulk optical properties of
the soft body tissue in the region of interest from
the acquired first image data;
- reconstructing the second image from the sec-
ond image data using the estimated bulk optical
properties, characterised in that the method
further comprises the step of
- acquiring third image data for a third image of
the region of interest of the soft body tissue using
X-ray projection,

wherein the first image data is acquired with the soft
body tissue being in a first compression state and
the second and third image data is acquired with the
soft body tissue being in a different second compres-
sion state at lower compression than in the first com-
pression state.

2. The method of claim 1, further comprising:
elastically registering the first image data and the
third image data thereby deriving a deformation prior
relating to the first and second compression state of
the soft body tissue.

3. The method of claim 2, further comprising:

transforming previously derived bulk estimated
optical properties using the deformation prior;
and
reconstructing the second image from the sec-
ond image data additionally using such trans-
formed bulk optical properties.

4. The method of one of the preceding claims,
wherein the first image data is acquired with a first
setting for X-ray energy, X-ray spectrum and/or X-
ray dose, and
wherein the third image data is acquired with a dif-
ferent second setting for X-ray energy, X-ray spec-
trum and/or X-ray dose.

5. The method of claim 4, further comprising:

deriving estimated information on tissue com-
position of the soft body tissue in the region of
interest taking into account the acquired first im-
age data and the acquired third image data; and
deriving the estimated bulk optical properties of
the soft body tissue in the region of interest from
the estimated information on tissue composi-
tion;
reconstructing the second image from the sec-
ond image data using such estimated bulk opti-

cal properties.

6. The method of one of claims 1 to 5, wherein the sec-
ond image data is acquired using diffuse optical to-
mography.

7. The method of one of claims 1 to 6, further compris-
ing:
displaying a registered superposition of a 2-dimen-
sional image derived from the reconstructed second
image and of the first image.

8. An imaging device comprising:

a soft body tissue compressor (15) for com-
pressing a soft body tissue at different compres-
sion states;
an X-ray source (3) and an X-ray detector (5)
arranged at opposite sides of the soft body tis-
sue compressor;
an optical tomography light source (9) and an
optical tomography light detector (11) arranged
at opposite sides of the soft body tissue com-
pressor;
a control unit (19), comprising a computer (25),
adapted to perform the method according to one
of claims 1 to 7.

9. The imaging device of claim 8, wherein the device
is adapted to automatically control at least one of the
soft body tissue compressor, the X-ray source, the
X-ray detector, the optical tomography light source
and the optical tomography light detector.

10. A computer program product comprising computer
readable instructions for instructing the imaging de-
vice of claim 8 to perform a method according to one
of claims 1 to 7.

11. A computer readable medium having stored thereon
a computer program product according to claim 10.

Patentansprüche

1. Verfahren zur Abbildung von weichem Körpergewe-
be (17), wobei das Verfahren umfasst:

- Erfassen von ersten Bilddaten für ein erstes
Bild einer Region von Interesse des weichen
Körpergewebes unter Verwendung einer Rönt-
genprojektion;
- Erfassen von zweiten Bilddaten für ein zweites
Bild einer Region von Interesse des weichen
Körpergewebes unter Verwendung einer opti-
schen Tomographie;
- Ableiten von geschätzten optischen Mengen-
eigenschaften des weichen Körpergewebes in
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der Region von Interesse aus den erfassten ers-
ten Bilddaten;
- Rekonstruieren des zweiten Bildes aus den
zweiten Bilddaten unter Verwendung der ge-
schätzten optischen Mengeneigenschaften, da-
durch gekennzeichnet, dass das Verfahren
weiter den folgenden Schritt umfasst
- Erfassen von dritten Bilddaten für ein drittes
Bild der Region von Interesse des weichen Kör-
pergewebes unter Verwendung von Röntgen-
projektion,

wobei die ersten Bilddaten mit dem weichen Körper-
gewebe erfasst werden, das in einem ersten Kom-
pressionszustand ist, und die zweiten und dritten
Bilddaten mit dem weichen Körpergewebe erfasst
werden, das in einem unterschiedlichen Kompressi-
onszustand in einer geringeren Kompression als in
dem ersten Kompressionszustand ist.

2. Verfahren nach Anspruch 1, weiter umfassend:
elastisches Registrieren der ersten Bilddaten und
der dritten Bilddaten, wodurch eine Verformung vor
Bezugnahme auf den ersten und zweiten Kompres-
sionszustand des weichen Körpergewebes abgelei-
tet wird.

3. Verfahren nach Anspruch 2, weiter umfassend:

Umwandeln zuvor abgeleiteter geschätzter op-
tischer Mengeneigenschaften unter Verwen-
dung der Verformung davor; und
Rekonstruieren des zweiten Bildes aus den
zweiten Bilddaten zusätzlich unter Verwendung
von solchen umgewandelten optischen Menge-
neigenschaften.

4. Verfahren nach einem der vorstehenden Ansprüche,
wobei die ersten Bilddaten mit einer ersten Einstel-
lung für Röntgenenergie, Röntgenspektrum und/
oder Röntgendosis erfasst werden, und
wobei die dritten Bilddaten mit einer unterschiedli-
chen zweiten Einstellung für Röntgenenergie, Rönt-
genspektrum und/ oder Röntgendosis erfasst wer-
den.

5. Verfahren nach Anspruch 4, weiter umfassend:

Ableiten von geschätzten Informationen über
die Gewebezusammensetzung des weichen
Körpergewebes in der Region von Interesse un-
ter Berücksichtigung der erfassten ersten Bild-
daten und der erfassten dritten Bilddaten; und
Ableiten der geschätzten optischen Mengenei-
genschaften des weichen Körpergewebes in der
Region von Interesse aus den geschätzten In-
formationen über die Gewebezusammenset-
zung;

Rekonstruieren des zweiten Bildes aus den
zweiten Bilddaten unter Verwendung von sol-
chen geschätzten optischen Mengeneigen-
schaften.

6. Verfahren nach einem der Ansprüche 1 bis 5, wobei
die zweiten Bilddaten unter Verwendung von diffuser
optischer Tomographie erfasst werden.

7. Verfahren nach einem der Ansprüche 1 bis 6, weiter
umfassend:
Anzeigen einer registrierten Überlagerung eines
zweidimensionalen Bildes, das aus dem rekonstru-
ierten zweiten Bild abgeleitet wird, und des ersten
Bildes.

8. Abbildungsvorrichtung, umfassend:

einen Kompressor (15) für weiches Körperge-
webe zum Komprimieren eines weichen Körper-
gewebes in unterschiedlichen Kompressions-
zuständen;
eine Röntgenquelle (3) und einen Röntgende-
tektor (5), die an entgegengesetzten Seiten des
Kompressors für weiches Körpergewebe ange-
ordnet sind;
eine optische Tomographie-Lichtquelle (9) und
einen optischen Tomographie-Lichtdetektor
(11), die an entgegengesetzten Seiten des
Kompressors für weiches Körpergewebe ange-
ordnet sind;
eine Steuerungseinheit (19), umfassend einen
Computer (25), ausgeführt, um das Verfahren
nach einem der Ansprüche 1 bis 7 auszuführen.

9. Abbildungsvorrichtung nach Anspruch 8,
wobei die Vorrichtung ausgeführt ist, um automa-
tisch mindestens eines von dem Kompressor für wei-
ches Körpergewebe, der Röntgenquelle, dem Rönt-
gendetektor, der optischen Tomographie-Lichtquel-
le und dem optischen Tomographie-Lichtdetektor zu
steuern.

10. Computerprogrammprodukt, computerlesbare An-
weisungen zum Instruieren der Abbildungsvorrich-
tung nach Anspruch 8 umfassend, um das Verfahren
nach einem der Ansprüche 1 bis 7 auszuführen.

11. Computerlesbares Medium, das ein Computerpro-
grammprodukt nach Anspruch 10 darauf abgespei-
chert aufweist.

Revendications

1. Procédé d’imagerie d’un tissu corporel mou (17), le
procédé comprenant :
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- l’acquisition de premières données d’image
pour une première image d’une région d’intérêt
du tissu corporel mou par projection de rayons
X ;
- l’acquisition de deuxièmes données d’image
pour une deuxième image de la région d’intérêt
du tissu corporel mou par tomographie optique ;
- la dérivation de propriétés optiques apparentes
estimées du tissu corporel mou dans la région
d’intérêt à partir des premières données d’image
acquises ;
- la reconstruction de la deuxième image à partir
des deuxièmes données d’image en utilisant les
propriétés optiques apparentes estimées, ca-
ractérisé en ce que le procédé comprend en
outre l’étape suivante
- acquisition de troisièmes données d’image
pour une troisième image de la région d’intérêt
du tissu corporel mou en utilisant la projection
de rayons X,

dans lequel les premières données d’image sont ac-
quises avec le tissu corporel mou dans un premier
état de compression et les deuxièmes et troisièmes
données d’image sont acquises avec le tissu corpo-
rel mou dans un second état de compression diffé-
rent à une compression inférieure à celle dans le
premier état de compression.

2. Procédé selon la revendication 1, comprenant en
outre :

- le recalage élastique des premières données
d’image et des troisièmes données d’image per-
mettant ainsi de dériver une déformation anté-
rieure concernant les premier et deuxième états
de compression du tissu corporel mou.

3. Procédé selon la revendication 2, comprenant en
outre :

- la transformation des propriétés optiques ap-
parentes estimées préalablement dérivées en
utilisant la déformation antérieure ; et
- la reconstruction de la deuxième image à partir
des données de deuxième image en utilisant en
plus ces propriétés optiques apparentes trans-
formées.

4. Procédé selon l’une des revendications précéden-
tes,

- dans lequel les premières données d’image
sont acquises avec un premier réglage pour
l’énergie des rayons X, le spectre des rayons X
et/ou la dose de rayons X, et
- dans lequel les troisièmes données d’image
sont acquises avec un deuxième réglage diffé-

rent pour l’énergie des rayons X, le spectre des
rayons X et/ou la dose de rayons X.

5. Procédé selon la revendication 4, comprenant en
outre :

- la dérivation d’informations estimées sur la
composition tissulaire du tissu corporel mou
dans la région d’intérêt en prenant en considé-
ration les premières données d’image acquises
et les troisièmes données d’image acquises ; et
- la dérivation des propriétés optiques apparen-
tes estimées du tissu corporel mou dans la ré-
gion d’intérêt à partir des informations estimées
sur la composition tissulaire ;
- la reconstruction de la deuxième image à partir
des deuxièmes données d’image en utilisant
ces propriétés optiques apparentes estimées.

6. Procédé selon l’une des revendications 1 à 5, dans
lequel les deuxièmes données d’image sont acqui-
ses en utilisant la tomographie optique diffuse.

7. Procédé selon l’une des revendications 1 à 6, com-
prenant en outre :

- l’affichage d’une superposition recalée d’une
image en 2-dimensions dérivée de la deuxième
image reconstruite et de la première image.

8. Dispositif d’imagerie comprenant :

- un compresseur (15) de tissu corporel mou
pour comprimer un tissu corporel mou à diffé-
rents états de compression ;
- une source de rayons X (3) et un détecteur de
rayons X (5) disposés sur des côtés opposés du
compresseur de tissu corporel mou ;
- une source de lumière de tomographie optique
(9) et un détecteur de lumière de tomographie
optique (11) agencés sur des côtés opposés du
compresseur de tissu corporel mou ;
- une unité de commande (19), comprenant un
ordinateur (25), adapté à réaliser le procédé se-
lon l’une des revendications 1 à 7.

9. Dispositif d’imagerie selon la revendication 8, dans
lequel le dispositif est adapté à automatiquement
commander au moins l’un du compresseur de tissu
corporel mou, de la source de rayons X, du détecteur
de rayons X, de la source de lumière de tomographie
optique et du détecteur de lumière de tomographie
optique.

10. Produit de programme informatique comprenant des
instructions lisibles par ordinateur pour ordonner au
dispositif d’imagerie selon la revendication 8 de réa-
liser un procédé selon l’une des revendications 1 à 7.
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11. Support lisible par ordinateur sur lequel est stocké
un produit de programme informatique selon la re-
vendication 10.
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