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DEVICE AND METHOD FOR X-RAY PHASE
CONTRAST IMAGING

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present patent document claims the benefit of
DE 102014221599.4, filed on Oct. 23, 2014, which is hereby
incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] The present embodiments relate to a device and a
method for slot scanning x-ray phase contrast imaging.

BACKGROUND

[0003] X-ray phase contrast imaging is an X-ray imaging
method that, unlike conventional x-ray instruments, does not
only use the absorption by an object as source of information.
X-ray phase contrast imaging combines the absorption with
the shift of the phase of the x-ray radiation when passing
through the object. The information content is disproportion-
ately higher because the absorption supplies accurate images
of'the strongly absorbing bones and the phase contrast makes
sharp images of the structures of the soft tissue. This offers the
possibility of being able to identify pathological changes,
such as the emergence of tumors, vessel constrictions, or
pathological changes of cartilage, substantially earlier than
previously.

[0004] The passage of x-ray radiation through matter is
described by a complex refractive index. The imaginary part
of'the refractive index specifies the strength of the absorption,
whereas the real part of the refractive index specifies the
phase shift of the x-ray wave passing through a material.
During phase contrast imaging, the phase information of the
local phase or of the local gradient of the phase of the wave-
front passing through an object is determined. Analogously to
x-ray tomography, it is also possible to reconstruct tomo-
graphic representations of the phase shift based on a multi-
plicity of images.

[0005] There are a number of options for realizing x-ray
phase contrast imaging. Known solutions are directed to mak-
ing the phase shift of the x-ray radiation visible as an intensity
variation when passing through an object via special arrange-
ments and methods. One method is grating phase contrast
imaging, also referred to as Talbot-Lau interferometry (e.g.,
European Patent Application No. EP 1 879 020 Al). The
essential part of the Talbot-Lau interferometer consists of
three x-ray gratings arranged between an x-ray tube and an
x-ray detector.

[0006] In addition to the conventional absorption image,
such interferometers may depict two additional measurement
parameters in the form of further images: the phase contrast
image and the dark-field image. The phase of the x-ray wave
is determined by interference with a reference wave by using
the interferometric grating arrangement.

[0007] Forexample, European Patent Application No. EP 1
879020 A1 discloses an arrangement including an x-ray tube
and a pixelated x-ray detector, between which an object to be
irradiated is arranged. A source grating, also referred to as a
coherence grating, is arranged between the focal point of the
x-ray tube and the object. The source grating serves to simu-
late a plurality of line sources with a spatial partial coherence
of the x-ray radiation, a precondition for interferometric
imaging.
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[0008] A diffraction grating, also referred to as a phase
grating or Talbot grating, is arranged between the object and
the x-ray detector. The diffraction grating impresses a phase
shift (e.g., typically pi) onto the phase of the wavefront.
[0009] An absorption grating between the diffraction grat-
ing and the x-ray detector serves for measuring the phase shift
generated by the object. The wavefront upstream of the object
is “bent” by the object. The three gratings are to be arranged
parallel to one another and at exact distances from one
another.

[0010] Thex-ray detector serves for the spatially dependent
detection of x-ray quanta. Because the pixelation of the x-ray
detector is generally not sufficient to resolve the interference
strips of the Talbot pattern, the intensity pattern is scanned by
shifting one of the gratings (e.g., “phase stepping”). Scanning
is performed step-by-step or continuously in a direction per-
pendicular to a direction of the x-ray beam and perpendicular
to the slit direction of the absorption grating. Three different
types of x-ray images, the absorption image, the phase con-
trast image, and the dark-field image, may be recorded or
reconstructed.

[0011] Asanalternative to “phase stepping,” the “slot scan-
ning method,” where the table with the object is displaced
relative to the x-ray emitter and the gratings, may be used. By
way of example, PCT Application No. WO 2013/111050 A1
describes such a method. The gratings may also be selected to
be smaller, or partial gratings arranged next to one another
may be used. In order to put together the individual images
required for the slot-scanning method, the position of the
object is to be known exactly in relation to the beam fan of the
x-ray emitter. The main components of the system are
mechanically connected to one another and equipped with
complicated measurement aids. With known arrangements, a
measurement accuracy of 0.3 to 1.0 mm is achievable.
[0012] Inthe case ofa stationary patient table and a station-
ary detector in the slot scanning method, a fan beam of the
x-ray emitter may be moved relative to the patient table and
detector. However, for phase contrastimaging, the three x-ray
gratings are also to be displaced in the process. Therefore, this
option is more complicated.

SUMMARY AND DESCRIPTION

[0013] The scope of the present invention is defined solely
by the appended claims and is not affected to any degree by
the statements within this summary.

[0014] The present embodiments may obviate one or more
of'the drawbacks or limitations in the related art. For example,
a device and a method for slot scanning x-ray phase contrast
imaging, where a relative position between an object and an
x-ray beam fan passing through the object may be established
more accurately, are provided.

[0015] According to one or more of the present embodi-
ments, a slot scanning phase contrast x-ray imaging device
includes position marker elements on one of the x-ray grat-
ings and on the patient couch. The position marker elements
are configured and arranged such that the position marker
elements are visible in an x-ray image. The locations of the
position marker elements in relation to one another are used
for establishing the relative position. Therefore, the position
marker elements serve as adjustment aids. The relative posi-
tion may be established from the x-ray image by image pro-
cessing software.

[0016] Inan embodiment, a device for slot scanning phase
contrast x-ray imaging is provided. The device includes an
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x-ray emitter, a plurality of x-ray gratings, a patient couch,
and an x-ray detector. Position marker elements are arranged
in the beam path of the x-ray emitter. The position marker
elements are provided such that the position marker elements
are visible in an x-ray image, and a relative position of an
object on the patient couch in relation to an x-ray beam fan of
the x-ray emitter is establishable in the x-ray image from the
location of the position marker elements and the distance
from one another.

[0017] The disclosed embodiments may offer the advan-
tage that a costly, exact mechanical adjustment of compo-
nents of the device is made superfluous.

[0018] In one embodiment, the position marker elements
include a first position marker element and a second position
marker element.

[0019] In a further embodiment, the first position marker
element may be arranged on one of the x-ray gratings, and the
second position marker element may be arranged on the
patient couch.

[0020] In a further embodiment, a plurality of second posi-
tion marker elements may be arranged on the surface of a
couch board of the patient couch in the longitudinal direction
of the couch board.

[0021] Animage processing unit may establish the location
and the distance of the position marker elements from one
another.

[0022] In an embodiment, the position marker elements
may be provided as a cross, as a circular ring, or as a triangle.
[0023] In a further embodiment, the position marker ele-
ments may have regions that are visible in the dark-field
image, in the phase contrast image, in the absorption image,
or in any combination of these images.

[0024] In one embodiment, the position marker elements
may have a layer thickness of 10 um to 500 pm and a diameter
of 150 pm to 25 mm.

[0025] One or more of the present embodiments also pro-
vide a method for slot scanning phase contrast x-ray imaging.
With the aid of position marker elements that are visible in an
x-ray image and arranged in the beam path of an x-ray emitter,
arelative position of an object to be irradiated in relation to an
x-ray beam fan of the x-ray emitter is established from the
location and the distance of the position marker elements
from one another in the x-ray image.

[0026] In an embodiment, the position marker elements
may include a first position marker element and a second
position marker element.

[0027] In a further embodiment, the first position marker
element may be arranged on an x-ray grating, and the second
position marker element may be arranged on a patient couch
carrying the object.

[0028] Image processing software may be used to establish
the location and the distance of the first position marker
element from the second position marker element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 depicts one embodiment of a slot scanning
device with a floor and ceiling stand.

[0030] FIG. 2 depicts one embodiment of a slot scanning
device with two ceiling stands.

[0031] FIG. 3 depicts one embodiment of a slot scanning
device with a C-arm.

[0032] FIG. 4 depicts examples of position marker ele-
ments.
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[0033] FIG. 5 depicts one embodiment of a position marker
element on an x-ray grating.

[0034] FIG. 6 depicts one embodiment of a position marker
element on a couch board of a patient couch.

DETAILED DESCRIPTION

[0035] FIGS. 1-3 depict schematic examples of slot scan-
ning devices for x-ray phase contrast imaging, including an
x-ray emitter 3, an x-ray detector 9, a patient couch 7 and a
grating arrangement. The grating arrangement has a first
x-ray grating 4, a second x-ray grating 5, and a third x-ray
grating 6. The second and third x-ray gratings 5 and 6 are
situated under the couch board (e.g., tabletop) of the patient
couch 7 in front of the x-ray detector 9. The patient couch 7
serves to mount an object (not depicted) that is irradiated by
the x-ray beam fan of the x-ray emitter 3. The object (e.g., a
patient) is displaceable together with the patient couch 7.
[0036] InFIGS. 1 and 2, the x-ray detector 9 is fastened to
afirst ceiling stand 10 and may be displaced with the aid of the
first ceiling stand 10 arranged at the ceiling 14. In FIG. 1, the
x-ray emitter 3 is connected to a second ceiling stand 11 and
may be displaced therewith. The second ceiling stand 11 is
arranged at the ceiling 14. In the arrangement according to
FIG. 1, the three x-ray gratings 4, 5, and 6 are connected to a
floor stand 12. The floor stand 12 stands on the floor 15. The
x-ray gratings 4, 5 and 6 may likewise be moved.

[0037] In the arrangement according to FIG. 2, the x-ray
emitter 3 and the three x-ray gratings 4, 5 and 6 are fastened
together to the second ceiling stand 11 and may be displaced
therewith. The x-ray emitter 3, the x-ray detector 9 and the
three x-ray gratings 4, 5 and 6 are movably arranged at a
C-arm 13 in the arrangement according to FIG. 3. The C-arm
13 is arranged on the floor 15 with the floor stand 12.

[0038] In all exemplary embodiments in accordance with
FIGS. 1-3, position marker elements (not depicted) are
attached to one of the x-ray gratings 4, 5 or 6 and the patient
couch 7. The position marker elements are irradiated by the
x-ray beam fan of the x-ray emitter 3 and are visible in the
x-ray images registered by the x-ray detector 9 (e.g., in an
absorption image, a dark-field image, and/or a phase contrast
image). With the aid of image processing software, the dis-
tances of the position marker elements from one another may
be determined. As a result, there may be an exact registration
of' the relative location of the object on the patient couch 7 in
relation to the x-ray gratings 4, 5 and 6 (e.g., in relation to the
x-ray beam fan). Mechanical measuring aids for determining
the position may thus be dispensed with. Consequently, the
position marker elements serve as adjustment aids. An accu-
racy of less than 0.1 mm may be obtained with the aid of these
devices. All components of the slot scanning device may be
moved relative to one another. By way of example, the x-ray
detector 9 (e.g., in the case of an arrangement without a stray
radiation grid in front of the x-ray detector 9) may be dis-
placed together with the patient couch 7 when recording the
x-ray image, with the x-ray emitter 3 and the three x-ray
gratings 4, 5 and 6 being stationary.

[0039] FIG. 4 depicts exemplary embodiments of the first
and the second position marker elements 1 and 2. In principle,
all plane geometric forms may be used. A cross, a circular
ring, a triangle with a triangular cutout, and a cross with a
central gap lend themselves to simple automated image
evaluation. The position marker elements 1 and 2 have a
thickness of approximately 10 to 500 pm and a maximum
extent (diameter) of between approximately 150 um and 25
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mm. The web width of the position marker elements 1 and 2
is approximately 30 to 500 um in the case of an assumed
detector pixel dimension of 50 to 140 um.
[0040] A metal layer may be used for absorption signals, a
powdered lime layer may be used for dark-field signals, and a
plexiglass layer may be used for phase signals. All signal
forms may be combined with one another, as indicated in the
cross with the central gap. For example, two of the four arms
of'the cross are embodied for absorption, one arm of the cross
is embodied for the phase signal, and one arm of the cross is
embodied for the dark-field signal.
[0041] FIG. 5 schematically depicts a grating arrangement
with the three x-ray gratings 4, 5 and 6 according to one of
FIG. 1 to FIG. 3. The first position marker element 1 is
provided on the periphery of the second x-ray grating 5. In
one embodiment, the first position marker element 1 lies on
the edge of the used beam path. The first position marker
element 1 may alternatively also be arranged on the third
X-ray grating 6.
[0042] FIG. 6 depicts the couch board 8 of a patient couch
7 for an arrangement according to one of FIG. 1 to FIG. 3. The
second position marker elements 2 are arranged peripherally
on the couch board 8 in the longitudinal direction ofthe couch
board 8. Between one another, the second position marker
elements 2 have a gap of between 1 and 10 cm. For example,
at least one second position marker element 2 may always
come to rest in the region irradiated during the slot scanning
method.
[0043] The elements and features recited in the appended
claims may be combined in different ways to produce new
claims that likewise fall within the scope of the present inven-
tion. Thus, whereas the dependent claims appended below
depend from only a single independent or dependent claim, it
is to be understood that these dependent claims may, alterna-
tively, be made to depend in the alternative from any preced-
ing or following claim, whether independent or dependent.
Such new combinations are to be understood as forming a part
of the present specification.
[0044] While the present invention has been described
above by reference to various embodiments, it should be
understood that many changes and modifications can be made
to the described embodiments. It is therefore intended that the
foregoing description be regarded as illustrative rather than
limiting, and that it be understood that all equivalents and/or
combinations of embodiments are intended to be included in
this description.
1. A device for slot scanning phase contrast x-ray imaging,
the device comprising:
an x-ray emitter;
a plurality of x-ray gratings;
a patient couch;
an x-ray detector; and
a plurality of position marker elements arranged in a beam
path of the x-ray emitter, the plurality of position marker
elements being configured and arranged to be visible in
an X-ray image,
wherein a relative position of an object on the patient couch
in relation to an x-ray beam fan of the x-ray emitter is
establishable from a location and a distance of the plu-
rality of position marker elements from one another in
the x-ray image.
2. The device of claim 1, wherein the plurality of position
marker elements include a first position marker element and a
second position marker element.
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3. The device of claim 2, wherein the first position marker
element is arranged on one x-ray grating of the plurality of
x-ray gratings and the second position marker element is
arranged on the patient couch.

4. The device of claim 3, wherein the plurality of position
marker elements comprises a plurality of second position
marker elements, the plurality of second position marker
elements comprising the second marker element, and

wherein the plurality of second position marker elements
are arranged on a surface of a couch board of the patient
couch in a longitudinal direction of the couch board.

5. The device of claim 1 further comprising:

an image processing unit configured to establish the loca-
tion and the distance of the plurality of position marker
elements from one another.

6. The device of claim 1, wherein each position marker
element of the plurality of position marker elements is con-
figured as a cross, a circular ring or a triangle.

7. The device of claim 1, wherein the plurality of position
marker elements include regions that are visible in a dark-
field image, a phase contrast image, an absorption image, or
any combination thereof.

8. The device of claim 1, wherein each position marker
element of the plurality of position marker elements has a
layer thickness of 10 um to 500 um and a diameter of 150 um
to 25 mm.

9. The device of claim 4 further comprising:

an image processing unit configured to establish the loca-
tion and the distance of the plurality of position marker
elements from one another.

10. The device of claim 4, wherein each position marker
element of the plurality of position marker elements is con-
figured as a cross, a circular ring or a triangle.

11. The device of claim 4, wherein the plurality of position
marker elements include regions that are visible in a dark-
field image, a phase contrast image, an absorption image, or
any combination thereof.

12. The device of claim 4, wherein each position marker
element of the plurality of position marker elements has a
layer thickness of 10 um to 500 um and a diameter of 150 um
to 25 mm.

13. A method for slot-scanning phase contrast x-ray imag-
ing, the method comprising:

establishing, with the aid of position marker elements that
are visible in an X-ray image and are arranged in a beam
path of an x-ray emitter, a relative position of an object to
be irradiated in relation to an x-ray beam fan of the x-ray
emitter from a location and a distance of the position
marker elements from one another in the x-ray image.

14. The method of claim 13, wherein the position marker
elements comprise a first position marker element and a sec-
ond position marker element.

15. The method of claim 14, wherein the first position
marker element is arranged on an x-ray grating, and the sec-
ond position marker element is arranged on a patient couch
supporting the object.

16. The method of claim 14, wherein image processing
software is used to establish the location and the distance of
the first position marker element from the second position
marker element.
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17. The method of claim 15, wherein image processing
software is used to establish the location and the distance of
the first position marker element from the second position
marker element.



