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Description
FIELD OF THE INVENTION

[0001] The invention relates to a detection chamber
for imaging an object comprising:

- awall structure defining a measurement volume for
receiving the object to be imaged, the wall structure
being arranged to couple light from a light source
into the measurement volume and light emanating
from the measurement volume out of the measure-
ment volume;

- an opening in the wall structure for accommodating
the object to be imaged in the measurement volume;

- amovable wall portion, comprised in the wall struc-
ture, the movable wall portion being movable as to
vary the volume of the measurement volume bound-
ed by the wall structure.

[0002] The invention further relates to a device for im-
aging an object comprising such a detection chamber.

BACKGROUND OF THE INVENTION

[0003] In the context of the present application, the
term ‘object’ or ‘object to be imaged’ covers a turbid me-
dium. A turbid medium is to be understood to mean a
substance consisting of a material having a high light
scattering coefficient, such as for example an intralipid
solution or biological tissue. Further, light is to be under-
stood to mean electromagnetic radiation of a wavelength
in the range from 400 nm to 1400 nm. The term "optical
properties" covers the reduced scattering coefficient p'g
and the absorption coefficient p,. Furthermore, "match-
ing optical properties" is to be understood as having a
similar reduced scattering coefficient p's and a similar
absorption coefficient .

[0004] In recent years, several methods and devices
for examining turbid media, e.g. female breast tissue,
have been developed. In particular, new devices for de-
tection and analysis of breast cancer have been devel-
oped and existing technologies have been improved.
Breast cancer is one of the most occurring types of can-
cer: in 2002, for example, more than 1.1 million women
were diagnosed and over 410.000 women died of breast
cancer worldwide. Several types of devices for imaging
the interior of a turbid medium by use of light have been
developed. Examples for such devices are mammogra-
phy devices and devices for examining other parts of
human or animal bodies. A prominent example for a
method for imaging the interior of a turbid medium is Dif-
fuse Optical Tomography (DOT). In particular, such de-
vices are intended for the in vivo localization of inhomo-
geneities in breast tissue of a part of a breast of a female
human body. A malignant tumor is an example for such
an inhomogeneity. The devices are intended to detect
such inhomogeneities when they are still small, so that
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forexample carcinoma can be detected at an early stage.
A particular advantage of such devices is that the patient
does not have to be exposed to the risks of examination
by means of ionizing radiation, as e.g. X-rays.

[0005] WO 00/56206 A1 discloses a device forimaging
the interior of a turbid medium by using a light source to
irradiate the turbid medium and photodetectors for meas-
uring a part of the light transported through the turbid
medium. A control unit is provided for reconstructing an
image of the interior of the turbid medium on the basis
of the measured intensities. The disclosed device is par-
ticularly adapted for examining female breasts. In order
to allow the examination of the turbid medium, the device
is provided with a receptacle as a receiving portion en-
closing a measuring volume and arranged to receive the
turbid medium. Due to different sizes of the turbid media
to be examined, the size of the receptacle for receiving
the turbid medium does not perfectly match the size of
the turbid medium, i.e. a space remains between the re-
ceptacle and the turbid medium.

[0006] The light used for examining the turbid medium
has to be transmitted from the light source to the turbid
medium and from the turbid medium to the photodetec-
tors. A number of light paths coupling to the light source
and a number of light paths coupling to photodetectors
may be distributed across the wall bounding the meas-
urement volume, for instance, ends of optical fibers act-
ing as light guides are connected to the wall of the meas-
urementvolume. InaDOT measurement, the light source
subsequently irradiates the turbid medium from different
directions and the photodetectors measure a part of the
light transmitted through the turbid medium. A plurality
of such measurements are performed with the light di-
rected to the turbid medium from different directions and,
based on the results of the measurements, the control
unit reconstructs the image of the examined turbid me-
dium.

[0007] An optical matching medium for conducting op-
tical energy generated by a light source at least from the
light source to a turbid medium to be irradiated with at
least a part of the optical energy generated by the light
source is known from US patent 5,907,406. The known
optical matching medium can be used for imaging an
interior of a turbid medium, such as biological tissue, us-
ing diffuse optical tomography. In medical diagnostics
the matching medium may be used, for instance, for im-
aging an interior of a female breast. In that case, at least
a part of the turbid medium, in this case a female breast,
may be accommodated in the measurement volume.
[0008] In US patent 5,907,406 the measurement vol-
ume is bounded by a cuplike wall portion. However, this
is not always necessary. Inside the measurement vol-
ume, the part of the turbid medium under investigation
is surrounded by the matching medium, so that the space
inside the measurement volume not filled by the object
to beimaged in general or the turbid medium in particular
is filled with the matching medium. The matching medium
is chosen such that the optical parameters of the match-



3 EP 2 341 820 B1 4

ing medium, such as the absorption and scattering coef-
ficients, are substantially identical to the corresponding
optical parameters of the turbid medium. In this way, im-
age artifacts resulting from optical boundary effects that
occur when light is coupled into and out of the turbid
medium can be reduced. Furthermore, use of the match-
ing medium prevents the occurrence of an optical short-
circuit in the receiving volume around the turbid medium.
An optical short-circuit occurs when light is detected that
has propagated along a path inside the receiving volume
but outside the turbid medium and, as a consequence,
has not been sufficiently scattered and attenuated. In that
case the intensity of the insufficiently scattered and at-
tenuated detected light may dwarf the intensity of detect-
ed light that has been scattered and attenuated through
passage through the turbid medium.

[0009] US2004092826 discloses an apparatus for op-
tical imaging of a breast, the apparatus comprising: a
supporting platform for positioning a patient in a face
down prone position, the platform having a cavity for the
breast to be pendantly suspended therethrough; a flexi-
ble fluid-filled receptacle below the cavity holding an op-
tical matching fluid for the optical imaging, wherein the
breastisimmersed in the fluid during the optical imaging;
a supporting mechanism surrounding a perimeter of the
receptacle for supporting the receptacle within the cavity
and preventing it from falling through the cavity when
holding the optical matching fluid; and a source and de-
tector coupling device for orienting source and detector
ports with respect to the receptacle and for contacting
the receptacle to obtain a desired geometry of the breast
and the optical matching fluid.

[0010] US5596987 discloses an optical coupler for in
vivo examination of biological tissue that includes an op-
tical input port positionable on or near the examined tis-
sue, afirst light guide optically coupled to the optical input
port and constructed to transmit optical radiation of a vis-
ible or infra-red wavelength from a source to the optical
input port. The optical coupler also includes an optical
detection port, positionable on or near the examined tis-
sue, constructed and arranged to receive radiation that
has migrated in the examined tissue from the input port.
Connected to the detection port is a detector light guide,
constructed to transmit radiation from the detection port
to an optical detector. Disposed at least partially around
the examined tissue and the input and detection ports is
optical medium arranged to couple the radiation to the
tissue, limit escape of photons, or account for photons
that escaped from the tissue. The optical coupler also
enables a precise relative geometry of input and detec-
tion ports. The optical coupler may further include a sys-
tem for altering controllably absorptive or scattering prop-
erties of the optical medium. The optical coupler may be
further adapted for needle localization procedure, ultra-
sonic examination of tissue, and may include coils for
magnetic resonance imaging of the tissue also examined
optically.

[0011] For certain types of imaging processes, for in-
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stance, certain types of imaging an interior of a female
breast, the object to be imaged is compressed between
two surfaces. The question then is how to combine com-
pression of the object to be imaged with the use of a
matching medium. Several approaches have been pro-
posed, see, for instance, Time-Domain Optical Mam-
mography SoftScan: Initial Results, X. Intes, Acad. Ra-
diol. 2005, 12:934-947 and Diffuse Optical Topography
of Breast Cancer during Neoadjuvant Chemotherapy: A
Case Study with Comparison to MRI, R. Choe et al. Med-
Phys 32 (4) 2005, 1128-1139.

[0012] The latter approach has the drawback that it
uses a movable plate that is submerged in the matching
medium. This limits the light sources that can be used
because they are submerged too. It also requires large
amounts of matching medium.

SUMMARY OF THE INVENTION

[0013] It is an object of the invention to provide a de-
tection chamber allowing compression of an object to be
imaged while using a matching medium.

[0014] According to the invention this object is realized
with a device according to claim 1. The invention is based
on the recognition that a wall structure part of which is
movable while the overall wall structure remains fluid-
tight and which wall structure is arranged to compress
an object allows to define a measurement volume of var-
iable size, capable of holding an amount of fluid, such as
a fluidic matching medium. With such a detection cham-
ber, there is no need to place a light source or a detector
in contact with a matching medium. They can, for in-
stance, be optically coupled to the measurement volume
using light guides or be placed behind optical windows
into the measurement volume.

[0015] Anembodiment of a detection chamber accord-
ing to the invention is characterized in that at least part
of the wall structure is transparent to light from the light
source. Thisembodiment has the advantage thata trans-
parent part of the wall, forinstance a window, allows easy
coupling of light from the light source into the measure-
ment volume.

[0016] A further embodiment of a detection chamber
according to the invention is characterized in that at least
part of the wall structure is transparent to light emanating
from the measurement volume. This embodiment has
the advantage that a transparent part of the wall, for in-
stance a window, allows easy coupling of light emanating
from the measurement volume to a photo detector unit.
[0017] A further embodiment of a detection chamber
according to the invention is characterized in that the
detection chamber further comprises an overflow area
for taking up a fluid from the measurement volume during
reduction of the size of the measurement volume. This
embodiment has the advantage thatfluid that has pushed
out of the measurement volume during a reduction of the
volume of the measurement volume does not uncontrol-
lably spill from the detection chamber, but is retained in
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the overflow area.

[0018] A further embodiment of a detection chamber
according to the invention is characterized in that the
detection chamber further comprises an outlet for remov-
ing a fluid from the measurement volume after imaging
an object to be imaged. This embodiment has the advan-
tage that it allows easy removal from a fluid from the
measurement volume after measuring an object to be
imaged.

[0019] A further embodiment of the detection chamber
according to the invention is characterized in that the
movable wall portion is movable by hand. Manually mov-
ing the movable wall portion has the advantage that the
operator is in direct control of adjusting the size of the
measurement volume. This is advantageous, for in-
stance from a standpoint of patient safety, when the ob-
ject to be imaged is a female breast to be compressed
in the detection chamber. Manually moving the movable
wall portion can be achieved, for instance, by manual
operation of a crank handle possibly connected to a gear-
box to move the movable wall portion.

[0020] The invention further relates to a device for im-
aging an object comprising a detection chamber accord-
ing to the invention. Such a device would benefit from
any one of the previous embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021]

Fig. 1 schematically shows a detection chamber ac-
cording to the invention;

Fig. 2 schematically shows an imaging device com-
prising a detection chamber according to the inven-
tion;

Fig. 3 schematically shows a medical imaging device
comprising a detection chamber according to the in-
vention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0022] Fig. 1schematically shows adetection chamber
according to the invention. The detection chamber (5)
comprises a wall structure (10). The wall structure (10)
comprises a movable wall portion (15) that can be moved
as to vary the size of the measurement volume (20). The
movable wall portion (15) is slidably movable in a direc-
tion perpendicular to the surface comprising window (40),
seealsoline (63)infigs. 2and 3. The overall wall structure
(10) is sealed so that the wall structure (10) is fluid-tight.
Consequently and by way of example, a fluid matching
medium used to fill the space inside the measurement
volume (20) notfilled during a measurement by the object
to be imaged cannot leak from the measurement volume
(20). In this particular embodiment the wall structure (10,
15) is formed by two cylinders (25, 30) one of which (30)
is movable inside the other (25). However, the cylindrical
shape is not essential. Cylinder (25) is open along its
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longitudinal axis as to allow an object to be imaged ac-
cess to the measurement volume (20) defined as the
space between both cylinders (25, 30). The substantially
cylindrical shape of cylinder (25) is indicated by the
dashed semicircle on the rectangular front plate (33). Al-
so in this particular embodiment, the wall structure (10)
comprises windows (35, 40) for coupling light from a light
source (not shown in the figure) into the measurement
volume (20) and light emanating from the measurement
volume (inresponse to coupling light from the light source
into the measurement volume (20)) out of the measure-
ment volume (20).

[0023] Fig. 2 schematically shows an imaging device
comprising a detection chamber according to the inven-
tion. The imaging device (45) comprises a bed-like sup-
port structure (50) for supporting a patient (55). The pa-
tient (55) lies on the support structure (50) in a chest
down position. Through an opening in the support struc-
ture (50) a patient’s breasthangs into the detection cham-
ber (60) according to the invention. An embodiment of
such a detection chamber (60) has been discussed in
more detailed in relation to the previous figure. Line (63)
with the double headed arrow indicates the movable wall
portion in the detection chamber (60) according to the
invention and its directions of motion. Light from a light
source (65) is coupled into the measurement volume (20)
comprising the patient’s breast, for instance by placing
the light source (65) behind one of the windows (35, 40)
in fig. 1 or by coupling the light source (65) to the meas-
urement volume (20) using a light guide (67). Light em-
anating from the measurement volume (20) is coupled
out of the measurement volume (20) (again, for instance,
through one of the windows (35, 40) or by using light
guide (69) and detected that a photo detector unit (70).
Subsequently, the output of the photo detector unit is
used to reconstruct an image of an interior of the object
to be imaged, in this case a female breast, using image
reconstruction unit (75).

[0024] Fig. 3 schematically shows a medical imaging
device comprising a detection chamber according to the
invention. The medical imaging device (80) comprises
the imaging device (45) as discussed in relation to fig. 2.
In fig. 3 the imaging device (45) is shown together with
a patient (55). The medical imaging device (80) further
comprises an operator interface (85), for instance, a key-
board allowing an operator interface with the medical im-
aging device (80) as well as a display (90) for displaying
an image of the object to be imaged. This image may be
an image of an interior of a turbid medium, for instance,
a female breast reconstructed using reconstruction unit
(75) and output from for the detector unit (70).

Claims

1. A detection chamber (5, 60) for imaging an object
comprising:
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- a wall structure defining a measurement vol-
ume (20) for receiving the object to be imaged
and holding a fluid matching medium, the wall
structure having windows (35,40) being ar-
ranged to couple light from a light source (65)
into the measurement volume (20) and light em-
anating from the measurement volume (20) out
of the measurement volume (20);

- an opening in the wall structure for accommo-
dating the object to be imaged in the measure-
ment volume (20);

- a movable wall portion (15, 63), comprised in
the wall structure, the movable wall portion being
movable as to vary the volume of the measure-
ment volume (20) bounded by the wall structure,

characterized in that the wall structure comprising
the movable wall portion (15, 63) is fluid-tight and
arranged to compress the object to be accommodat-
ed in the measurement volume (20), wherein the
movable wall portion is arranged to, by itself, com-
press the object to be accommodated in the meas-
urement volume and wherein the movable wall por-
tion is slidably arranged in a direction perpendicular
to the surfaces comprising the windows (35,40).

A detection chamber (5, 60) as claimed in claim 1,
wherein at least part of the wall structure is transpar-
ent to light from the light source (65).

A detection chamber (5, 60) as claimed in claims
1-2, wherein atleast part of the wall structure is trans-
parent to light emanating from the measurement vol-
ume (20).

A detection chamber (5, 60) as claimed in claims
1-3, wherein the detection chamber (5, 60) further
comprises an overflow area for taking up a fluid from
the measurement volume (20) during reduction of
the size of the measurement volume (20).

A detection chamber (5, 60) as claimed in claims
1-4, wherein the detection chamber (5, 60) further
comprises an outletfor venting a fluid from the meas-
urement volume (20) after imaging an object to be
imaged.

A detection chamber (5, 60) as claimed in claims
1-5, wherein the movable wall portion (15, 63) is mov-
able by hand.

A device for imaging an object comprising a detec-
tion chamber (5, 60) as claimed in any one of claims
1-6.

A device for imaging an object as claimed in claim
7, wherein the device is a medical imaging device.
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Patentanspriiche

Eine Detektionskammer (5, 60) zum Abbilden eines
Gegenstandes, die das Folgende umfassend:

- eine Wandstruktur, die ein Messvolumen (20)
zum Aufnehmen des abzubildenden Objekts
und zum Halten eines Flissigkeitsanpassungs-
mediums definiert, wobei die Wandstruktur mit
Fenstern (35, 40) angeordnet ist um Licht von
einer Lichtquelle (65) in das Messvolumen zu
koppeln (20) und Licht, das von dem Messvolu-
men (20) aus dem Messvolumen (20) austritt;
- eine Offnung in der Wandstruktur zur Aufnah-
me des in dem Messvolumen (20) abzubilden-
den Objekts;

- einen beweglichen Wandabschnitt (15, 63),
der in der Wandstruktur enthalten ist, wobei der
bewegliche Wandabschnitt beweglich ist, um
das Volumen des durch die Wandstruktur be-
grenzten Messvolumens (20) zu verandern,

dadurch gekennzeichnet, dass die den bewegba-
ren Wandabschnitt (15, 63) umfassende Wandstruk-
tur Flussigkeitsdicht ist und angeordnet ist, um das
in dem Messvolumen (20) aufzunehmende Objekt
zu  komprimieren, wobei der bewegliche
Wandabschnitt selbst so angeordnet ist, dass er
selbst das in dem Messvolumen aufzunehmende
Objekt komprimiert und wobei der bewegliche
Wandabschnitt in einer Richtung senkrecht zu den
die Fenster (35, 40) umfassenden Flachen ver-
schiebbar angeordnet ist.

Eine Detektionskammer (5, 60) nach Anspruch 1,
wobei zumindest ein Teil der Wandstruktur fiir Licht
von der Lichtquelle (65) transparent ist.

Eine Detektionskammer (5, 60) nach den Anspru-
chen 1 bis 2, dadurch gekennzeichnet, dass zu-
mindest ein Teil der Wandstruktur fiir das vom Mess-
volumen (20) ausgehende Licht transparent ist.

Eine Detektionskammer (5, 60) nach den Anspru-
chen 1 bis 3, wobei die Detektionskammer (5, 60)
ferner einen Uberlaufbereich zum Aufnehmen einer
Flissigkeit aus dem Messvolumen (20) wahrend der
Verringerung der GrolRe des Messvolumens (20)
aufweist.

Eine Detektionskammer (5, 60) nach den Anspru-
chen 1-4, wobei die Detektionskammer (5, 60) ferner
einen Auslass zum Entllften einer Flissigkeit aus
dem Messvolumen (20) nach dem Abbilden eines
abzubildenden Gegenstandes aufweist.

Eine Detektionskammer (5, 60) nach den Anspru-
chen 1-5, wobei der bewegliche Wandabschnitt (15,
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63) von Hand bewegbar ist.

Eine Vorrichtung zum Abbilden eines Gegenstandes
mit einer Detektionskammer (5, 60) nach den An-
spriichen 1 bis 6.

Eine Vorrichtung zum Abbilden eines Gegenstandes
nach Anspruch 7 wobei die Vorrichtung eine medi-
zinische Abbildungsvorrichtung ist.

Revendications

Chambre de détection (5, 60) pour imager un objet,
comprenant :

- une structure de paroi définissant un volume
de mesure (20) pour recevoir I'objet destiné a
étre imagé et retenant un milieu correspondant
fluide, la structure de paroi possédant des fené-
tres (35, 40) agencées pour coupler de la lumié-
re a partir d’'une source de lumiére (65) dans le
volume de mesure (20) et de la lumiére prove-
nant du volume de mesure (20) en sortie du vo-
lume de mesure (20) ;

- une ouverture dans la structure de paroi pour
loger I'objet destiné a étre imagé dans le volume
de mesure (20) ;

- une portion de paroi mobile (15, 63), comprise
dans la structure de paroi, la portion de paroi
mobile étant mobile afin de varier le volume du
volume de mesure (20) borné par la structure
de paroi,

caractérisée en ce que la structure de paroi com-
prenant la portion de paroi mobile (15, 63) est étan-
che au fluide et agencée pour comprimer 'objet des-
tiné a étre logé dans le volume de mesure (20), dans
laquelle la portion de paroi mobile est agencée pour,
en elle-méme, comprimer I'objet destiné a étre logé
dans le volume de mesure et dans laquelle la portion
de paroi mobile est agencée de fagon coulissante
dans une direction perpendiculaire aux surfaces
comprenant les fenétres (35, 40).

Chambre de détection (5, 60) selon la revendication
1, dans laquelle au moins une partie de la structure
de paroi est transparente a la lumiére a partir de la
source de lumiére (65).

Chambre de détection (5, 60) selon les revendica-
tions 1 et 2, dans laquelle au moins une partie de la
structure de paroi est transparente a la lumiere pro-
venant du volume de mesure (20).

Chambre de détection (5, 60) selon les revendica-
tions 1 a 3, dans laquelle la chambre de détection
(5, 60) comprend en outre une zone de trop plein
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pour accepter un fluide a partir du volume de mesure
(20) durant une réduction de la taille du volume de
mesure (20).

Chambre de détection (5, 60) selon les revendica-
tions 1 a 4, dans laquelle la chambre de détection
(5, 60) comprend en outre une sortie pour ventiler
un fluide a partir du volume de mesure (20) apres
I'imagerie d’un objet destiné a étre imagé.

Chambre de détection (5, 60) selon les revendica-
tions 1 a 5, dans laquelle la portion de paroi mobile
(15, 63) est mobile manuellement.

Dispositif pour imager un objet comprenant une
chambre de détection (5, 60) selon 'une quelconque
des revendications 1 a 6.

Dispositif pourimager un objet selon larevendication
7, dans lequel le dispositif est un dispositif d’'imagerie
meédicale.
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