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Description
FIELD OF INVENTION

[0001] The presentinvention relates to a device for op-
tically examining a turbid medium comprising joints and
to a method for optically examining a turbid medium com-
prising joints.

BACKGROUND OF THE INVENTION

[0002] In the context of the present application, the
term light is to be understood to mean non-ionizing elec-
tromagnetic radiation, in particular with wavelengths in
the range between 400 nm and 1400 nm. The term op-
tically examining means examining by means of light.
The term body part means a part of a human or animal
body.

[0003] Inrecentyears, several different types of devic-
es for optically examining the interior of turbid media have
been developed in which the turbid medium under ex-
amination, such as a body part, is illuminated with light
from a light source and light emanating from the turbid
medium is detected by a detector unit in transmission or
reflection geometry. In such devices, the detected light
is used to gather information about the interior of the tur-
bid medium. Depending on the type of device for optically
examining the interior of a turbid medium, e.g. two-di-
mensional or three-dimensional images of the interior of
the turbid medium can be acquired or information about
concentrations of different substances inside the turbid
medium can be extracted from the detected light.
[0004] US 5 415 655 shows a medical device for ex-
amining tissue by means of light. The medical device has
aflexiblelight guide having alightenergy inputend adapt-
ed for connecting to a light energy source and a light
energy output end. The light energy output end outputs
a beam of light energy.

[0005] WO 2007/107909 A1 discloses a device forim-
aging a turbid medium comprising: means for optically
scanning a predefined maximum area of a scanning
plane for acquisition ofimaging data, means for detection
of an outer contour of the turbid medium, and means for
controlling the optical scanning such that a sub-area of
the maximum area is scanned that is smaller than the
maximum area and that covers the outer contour.
[0006] WO 99/04684 discloses a method of determin-
ing an examination point for a diaphanoscopic examina-
tion. Recently, it has been suggested to use devices for
optically examining the interior of turbid media to optically
detect disease activity of joint diseases such as rheuma-
toid arthritis (RA) by illuminating both the joints and in-
termediate tissue of a body part under examination with
light and detecting light emanating from the body part.
The treatment of such joint diseases is staged. Usually,
a patient first receives pain killers. These are frequently
followed by non-steroid anti-inflammatory drugs
(NSAIDs) and disease modifying anti-rheumatic drugs
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(DMARDs). In many cases, the last stage in treatment
with drugs is the use of biological therapies. In particular
the last category is expensive and treatment can cost
tens of thousands of dollars per year per patient. Addi-
tionally, the drugs used in later stages of treatment often
cause more severe side effects. With respect to such
joint diseases, medical professionals base their deci-
sions on changes in therapy on disease activity which is
given by the number and the severity of inflamed joints.
[0007] Since rheumatoid arthritis is a progressive dis-
ease and early diagnosis and start of treatment can help
postponing adverse effects and high costs of treatment,
there is a demand for methods and devices for providing
satisfactory information about the condition of joints and
which assist a medical professional to come to a conclu-
sion with respect to the actual joint condition. Conven-
tionally, rheumatologists use the so-called Disease Ac-
tivity Score (DAS-28) for diagnosis and treatment moni-
toring. Since this method is time-consuming, operator-
dependent, and has limited sensitivity, there is a demand
for suitable devices for detecting disease activity. Use of
devices for examining the respective body parts by
means of light shows promising results as disease activ-
ity monitors.

[0008] According to a device for optically examining
the interior of turbid media known to the applicant which
device is specifically adapted for detecting disease ac-
tivity of joint diseases, a turbid medium formed by a body
part containing at least one joint, such as a human hand,
is placed on a plate made of a transparent material. For
examination, the turbid medium is illuminated with an ex-
tended light source positioned below the plate and, in
transmission geometry, light is detected by a detector
unit being a part of an imaging device situated on the
opposite side of the turbid medium with respect to the
light source. For example, the imaging device may be
formed by a CCD camera acquiring a two-dimensional
image of the turbid medium (or rather of the light trans-
mitted through the turbid medium. However, in such an
arrangement, e.g. in a case in which the turbid medium
is a hand which is a typical situation for joint disease
activity monitoring, light used for illuminating the turbid
medium will also be transmitted from the light source to
the detector unit without passing through the turbid me-
dium. For example, the light will be transmitted between
the fingers in the case of the turbid medium being formed
by a hand. Since such light will not have been attenuated
in the turbid medium, the intensity on the detector unit of
this part of the light will be high as compared to the other
part of the light which has passed through the turbid me-
dium. Thus, the light not having passed through the turbid
medium can saturate the detector unit such that, as a
result, the relevant light which has passed through the
turbid medium can only be detected with less accuracy.

SUMMARY OF THE INVENTION

[0009] Itis an object of the presentinvention to provide
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a device and a method for optically examining the interior
of a turbid medium with which overexposure of a detector
unit of an imaging device can be reliably prevented and
the accuracy of examination of the interior of a turbid
medium is increased.

[0010] This object is solved by a device for optically
examining the interior of a turbid medium according to
claim 1. The device comprises: an illumination system
adapted for illuminating a turbid medium to be examined;
and an imaging device adapted for generating images
from detected light. The illumination system is adapted
to be operable in at least: a first mode in which a large
area is illuminated and a second mode in which at least
one selected region of the large area is illuminated. Since
the illumination system is operable in the two modes, first
a wide area image can be acquired by illuminating the
turbid medium under examination (and a surrounding ar-
ea). From this wide area image, the region or regions of
interest which are of particular interest and at which the
turbid medium is actually situated can be determined.
Then, these regions of interest can be illuminated in the
second mode. Thus, for illumination in the second mode,
it is ensured that only such regions are illuminated in
which the turbid medium is located and all the light arriv-
ing at the imaging device will have been transmitted
through or reflected by the turbid medium (depending on
the arrangement). Thus, no light which has not been cou-
pled to the turbid medium and which might cause over-
exposure of the detector unit of the imaging device will
reach the imaging device. The device comprises a control
unit adapted to analyze a first image acquired by the im-
aging device with the illumination system in the first mode
and to determine the at least one selected region for il-
lumination in the second mode from the firstimage. Thus,
the selected region to be illuminated for the actual exam-
ination can be determined in an automated way. The se-
lected region can e.g. be determined by an automated
image analysis function. For example, in the case of the
turbid medium being a human hand, such as in typical
applications for joint disease monitoring, when illuminat-
ing the turbid medium in the first mode, light illuminating
the support in the region of the turbid medium will be
attenuated rather strongly while light illuminating the sup-
port next to the hand will reach the detector unit of the
imaging device at least substantially un-attenuated.
Thus, the position of the turbid medium will be a shadow
in the first image which can easily be recognized such
that the selected regions for illuminating in the second
mode, such as joints and intermediate tissue, can be re-
liably identified. A plurality of selected regions of the large
area is illuminated in the second mode. The plurality of
selected regions comprises the positions of joints and
intermediate tissue for examining the condition of joints.
[0011] According to one aspect, the illumination sys-
tem is adapted to operate at low output light levels in the
first mode and to operate at high output light levels in the
second mode. In the first mode, only the position of the
turbid medium has to be determined and un-attenuated

10

15

20

25

30

35

40

45

50

55

light will reach the detector unit of the imaging device.
By using low output light levels in the first mode, overex-
posure of the detector unit is prevented. In the second
mode, there is no remaining risk of overexposure, since
only the regions of interest are illuminated. Thus, high
output light levels suitable for achieving high image qual-
ity are used. According to another aspect, the imaging
system is adapted to acquire images with short integra-
tion times, when the illumination system operates in the
first mode, and to acquire images with longer integration
times, when the illumination system operates in the sec-
ond mode. In this case, overexposure is prevented with-
out requiring different output light levels such that a less
expensive illumination system can be used. High image
quality in the second mode is achieved by exploiting long-
er integration times.

[0012] According to an aspect, the illumination system
comprises a pixilated light source unit for generating light
forilluminating in the firstand second modes. In this case,
the illumination system can easily switch between the
first mode and the second mode, by activating a large
number of pixels (or even all) in the first mode and acti-
vating only selected pixels in the second mode. In this
case, the illumination system can e.g. be formed by a
two-dimensional matrix of LEDs (light emitting diodes) or
by another kind of emissive display technology enabling
creation of a pixilated illumination pattern.

[0013] According to another aspect, the illumination
system comprises an extended light source unit and a
spatial filter unit for generating light for illuminating in the
first and second modes. In this case, a cost-efficient light
source can be used and the first and second modes can
be realized by a spatial filter such as a pixilated liquid
crystal device. For example, one or more lamps, e.g.
emitting in the IR (infrared), could be used as a light
source. The transmission of the individual liquid crystal
pixels can be used to achieve a desired illumination pat-
tern in the second mode. In this case, preferably the spa-
tial filter unit is arranged such that it is at close distance
to the turbid medium to be examined and thus at close
distance to the support.

[0014] According to still another aspect, the illumina-
tion system is adapted for projecting desired illumination
patterns directly on the turbid medium. Possible realiza-
tions for such illumination systems include a light source
in combination with a spatial light modulator (SLM) such
as a light source in combination with a digital mirror de-
vice (such as a digitally controlled micro-mirror) or a light
source in combination with a liquid crystal cell. Alterna-
tively, a possible realization is a scanning laser system
in which a laser beam is scanned over the support/turbid
medium by a scanner.

[0015] According to a still further aspect, the illumina-
tion system comprises a plurality of individual illumination
devices the positions of which are adjustable. For exam-
ple, inadevice forexaminingahumanhand (e.g.adevice
for monitoring joint disease activity) a plurality of individ-
ual light sources for different fingers and for the wrist may
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be provided. Due to the adjustability of the positions, the
illumination pattern for the second mode can be adapted
to the shape of the actual hand to be examined.

[0016] Preferably, the device comprises a support
which is adapted to support a body part comprising at
least one joint as a turbid medium to be examined. In this
case, the device is particularly suited for examining the
condition of joints such as with respect to rheumatic ar-
thritis. For example, the support may be adapted to ac-
commodate a human hand as a turbid medium to be ex-
amined.

[0017] Preferably, the device is a medical optical ex-
amination apparatus. Even more preferably, the device
is a device for optical examination of joints. In this case,
the condition of joints can be reliably and conveniently
examined.

[0018] The object is also solved by a method for opti-
cally examining the interior of a turbid medium according
to claim 13. The method comprises the steps: illuminating
a turbid medium to be examined over a large area and
detecting light as a first image, determining at least one
selected region of the large area from the firstimage, and
illuminating the atleast one selected region and detecting
lightas a second image. Thus, the advantages described
above with respect to the device can be achieved. For
acquisition of the second image, only one or more se-
lected regions of the large area are illuminated. Since
the at least one selected region is determined based on
the first image, all light in the illumination pattern of the
selected region(s) is reliably coupled to the turbid medi-
um and light which has not been coupled to the turbid
medium will not arrive at the detector unit of the imaging
device. Thus, overexposure is reliably prevented and
high accuracy examination of the interior of the turbid
medium is enabled.

[0019] Preferably, illuminating over the large area and
illuminating the at least one selected region is performed
with the same illumination system and image acquisition
ofthe first and second images is performed with the same
imaging device. In this case, no additional parts (addi-
tional to the components for performing the actual meas-
urement) are required and the alignment of the turbid
medium is easily achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Further features and advantages of the present
invention will arise from the detailed description of em-
bodiments with reference to the enclosed drawings.

Fig. 1 schematically shows the general set-up of a
device for examining the interior of a turbid medium.
Fig. 2 schematically shows a desired illumination
pattern for the case of optically examining the joint
condition of human hands.

Fig. 3 schematically shows a first embodiment.

Fig. 4 schematically shows a second embodiment.
Fig. 5 schematically shows a third embodiment.
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Fig. 6 schematically shows a fourth embodiment.
Fig. 7a schematically shows a fifth embodiment in a
side view.

Fig. 7b schematically shows the illumination system
of the fifth embodiment in top view.

DETAILED DESCRIPTION OF EMBODIMENTS

[0021] Embodiments will now be described with refer-
ence tothe drawings. First, the general set-up of a device
for optically examining the interior of a turbid medium
which is adapted for examination of joint condition will be
explained with respect to Fig. 1.

[0022] As canbe seeninFig. 1, the device for optically
examining the interior of a turbid medium 100 comprises
a support 104 which is adapted to support a turbid me-
dium 5 to be examined. In the example shown in Fig. 1,
the device for optically examining the interior of a turbid
medium 100 is a device for optical examination of joints,
in particular for joint disease monitoring, and the turbid
medium 5 is a human hand. For joint disease monitoring,
joints and intermediate tissue are examined as will be
described below.

[0023] In the example of Fig. 1, the support 104 is
formed by a substantially flat transparent plate upon
which the turbid medium 5 is placed for examination such
thatthe turbid medium 5is supported during examination.
For example, the transparent plate can consist of trans-
parent glass, transparent PMMA, or other suitable trans-
parent materials. For example the plate can also be
curved for improved comfort and contact of the turbid
medium during the measurement.

[0024] On one side of the support 104, an illumination
system 102 comprising at least one light source is pro-
vided for illuminating the turbid medium 5 during exam-
ination. In the example show, the illumination system 102
is positioned below the support 104 such that the turbid
medium 5 is illuminated through the support 104. The
illumination system 102 is adapted such that at least a
substantial part of the support 104 at which a turbid me-
dium 5is placed during examination and thus of the turbid
medium 5 to be examined is illuminated. For example,
the light source of the illumination system 102 may be a
broad-band light source, such as an incandescent lamp,
or a single color light source, such as an LED or a laser.
[0025] On the opposite side of the support 104 with
respect to the light source 102, an imaging device 106
adapted for generating images from detected light is pro-
vided. The imaging device 106 comprises a detector unit
for detecting light emanating from the support 104 and
the turbid medium 5, respectively, as a result of the sup-
port 104 and/or the turbid medium 5 being illuminated by
the illumination system 102. The imaging device 106
comprises a plurality of detection elements arranged in
a two-dimensional matrix such that a spatially resolved
image can be acquired. For example, the imaging device
106 can be formed by a CCD camera, a CMOS camera,
an IR camera, and the like.
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[0026] Although an arrangement is shown in which the
support 104 is arranged between the light source 102
and the turbid medium 5, an interchanged arrangement
with the support 104 being arranged between the turbid
medium 5 and the imaging device 106 is also possible.
[0027] In operation of the device for examining the in-
terior of a turbid medium 100, a turbid medium 5 which
is supported by the support 104 is illuminated by the il-
lumination system 102 and an image of (at least parts
of) the turbid medium 5 is acquired by the imaging device
106.

[0028] Fig. 2 shows human hands as an example for
a turbid medium 5 to be examined. For optically exam-
ining the condition of joints, the regions containing joints
are of particular interest. The black bars 110 shown in
Fig. 2 indicate desired illumination patterns (regions of
interest) for examining the condition of joints in a hand,
namely regions covering the finger joints and regions
covering the wrist.

[0029] As has already been described above, since
the illumination system 102 illuminates the whole turbid
medium 5, light from the light source which has not been
transmitted through the turbid medium 5 will also arrive
at the detector unit of the imaging device 106. Since it
has not been attenuated by the turbid medium 5, this light
will have a higher intensity as compared to light which
has passed through the turbid medium 5. Thus, this light
may cause overexposure of the detector unit of the illu-
mination system 102 such that the accuracy of detected
lightfrom the regions of interest 110 is adversely affected.
Further, it should be kept in mind that turbid media to be
examined cannot easily be positioned in the device in an
exactly predetermined manner that the shape of different
turbid media (such as hands from different individuals)
will be different.

[0030] Now, embodiments will be described which
solve the above problem of un-attenuated light reaching
the detector unit of the imaging device 106.

[0031] Since the general set-up of the embodiments
corresponds to that described with reference to Fig. 1,
only the differences will be described and description of
corresponding features will not be repeated.

FIRST EMBODIMENT

[0032] A first embodiment will be described with refer-
ence to Fig. 3. The device for optically examining the
interior of turbid media 1 according to the first embodi-
ment differs from the device explained with reference to
Fig. 1 in the realization of the illumination system. Ac-
cording to the first embodiment, an illumination system
2 is provided. The illumination system 2 comprises a pix-
ilated light source the individual pixels of which can be
selectively activated to emit light. The pixilated light
source is arranged in proximity to the turbid medium 5 to
be examined such that desired illumination patterns for
the turbid medium 5 to be examined can be realized by
selectively activating pixels of the light source. For ex-
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ample, the pixilated light source can be formed by a two-
dimensional matrix of LEDs (light emitting diodes). How-
ever, as an alternative other kinds of emissive display
technologies allowing selectively emitting light from a plu-
rality of pixels (arranged in a matrix) can be used to gen-
erate a pixilated pattern. A control unit 108 is provided
to control operation of the device for examining the inte-
rior of a turbid medium 1. The control unit 108 is connect-
ed to the illumination system 2 and to the imaging device
106.

[0033] Now operation of the first embodiment will be
described. In operation, the illumination device 2 is first
controlled by the control unit 108 such that, in afirstmode,
a large area of the support 104 and thus a large area of
the turbid medium 5 is illuminated. For example, the
whole hand and an area surrounding the hand are illu-
minated in the first mode, in case of a device for exam-
ining joint condition. In this first mode, both light which
has been transmitted through the turbid medium 5 and
light which has passed next to the turbid medium 5 will
reach the detector unit of the imaging device 106 such
that a first image is formed. Thus, the turbid medium 5
(in particular its outline) can easily be detected as a shad-
ow in the firstimage. As a consequence, a region which
is of particular interest (ROI, region of interest) can be
identified in the firstimage, since the position of the turbid
medium 5 with respect to the support 104 can be deter-
mined. A plurality of such regions can be identified, e.g.
the regions 110 described with respect to Fig. 2. Detec-
tion of the position of the turbid medium and determina-
tion of the regions 110 can e.g. be performed by an op-
erator to which the first image is presented or in an au-
tomated way using known image analyzing techniques
which can e.g. be implemented in the control unit 108,
for instance as a software running in the control unit 108.
[0034] Thus, based on the first image acquired in the
first mode, selected regions of interest 110 to be illumi-
nated in a second mode are determined.

[0035] Then, the illumination device 2 is operated in a
second mode in which only the selected regions 110 are
illuminated. In the embodiment, this is achieved by acti-
vating only those pixels of the pixilated light source which
correspond to the selected regions 110. With this set-up,
a second image is acquired by the imaging device 106.
Thus, in the second mode, only selected regions 110 are
illuminated. These regions are selected such that light is
emitted only where the turbid medium 5 is present. Thus,
only light which has traveled through the turbid medium
5 will arrive at the detector unit of the imaging device 106
and there is no risk of overexposure during acquisition
of the second image.

[0036] The position of selected regions of interested
to be illuminated in the second mode is determined from
the outline of a turbid medium to be examined.

[0037] Inorderto prevent overexposure of the detector
unit of the imaging device 106 during acquisition of the
firstimage, the illumination system 2 is adapted to output
light on a low output level (low intensity) when operated
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in the first mode and to output light on a high output level
(high intensity) when operatedin the second mode. Thus,
overexposure can be reliably prevented and high-accu-
racy examination is possible in the second mode. Ac-
cording to an alternative realization, the detector unit of
the imaging device 106 can be operated with short inte-
gration times when the illumination system 2 is operated
in the first mode and with longer integration times when
theillumination system 2 is operated in the second mode.
Operation of the device for examining the interior of a
turbid medium with low light intensity in the first mode
and with high light intensity in the second mode, or with
different integration times is also possible for the further
embodiments described below but will not be described
in detail again.

SECOND EMBODIMENT

[0038] A second embodiment will now be described
with respect to Fig. 4. The device according to the second
embodiment also differs in the realization of the illumina-
tion system. According to the second embodiment, an
illumination system 12 is provided which comprises a
spatially extended light source unit 14 and a spatial filter
16. The spatial filter 16 is positioned at close distance to
the support 104 and thus to the turbid medium 5 to be
examined. For example, the light source unit can be
formed by one or more lamps, forinstance lamps emitting
light in the IR (infrared). The spatial filter 16 is adapted
such that the light from the light source is selectively
transmitted to the turbid medium 5 at selected positions
only. To achieve this, the spatial filter 16 comprises a
plurality of pixels arranged in a matrix which can be in-
dependently controlled to transmit or block the light from
the light source unit 14. For example, the spatial filter 16
can be formed by a pixilated liquid crystal device. The
second embodiment also comprises the control unit 108
connected to the illumination system 12 and to the im-
aging device 106 which is adapted to operate the device
for examining the interior of a turbid medium in at least
the first mode and the second mode.

[0039] However, as compared to the first embodiment,
in the second embodiment illuminating a large area in
the first mode and provision of a desired illumination pat-
ternin the second mode is achieved by suitably operating
the spatial filter 16. In the first mode, a large plurality of
pixels of the spatial filter 16 is in a transmissive state. In
the second mode, only selected pixels of the spatial filter
16 (only those corresponding to the desired illumination
pattern) are controlled to be transmissive.

[0040] Thus, only the construction of the illumination
system 12 and the technique to realize the first and sec-
ond modes is different from the first embodiment and
operation of the device such as determination of the se-
lected region(s) is similar to that described above with
respect to the first embodiment.
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THIRD EMBODIMENT

[0041] A third embodiment will now be described with
respect to Fig. 5. The third embodiment only differs from
the first embodiment in the way in which the first mode
and the second mode for illumination (i.e. large area il-
lumination and illumination of selected regions of interest
only) are realized. Thus, only these differences will be
described in the following. According to the third embod-
iment, the device for optically examining the interior of a
turbid medium 20 comprises an illumination system 22.
The illumination system 22 is adapted for projecting the
desired illumination pattern directly on the turbid medium
5 to be examined.

[0042] The illumination system 22 of the third embod-
iment comprises light source unit 24, a spatial light mod-
ulator 26, and projection optics 28. For example, the spa-
tial light modulator 26 can be formed by a digital mirror
device or by a liquid crystal cell. The spatial light modu-
lator 26 and the light source unit 24 are connected to the
control unit 108. For realizing the second mode of oper-
ation (illumination of only selected regions), the illumina-
tion system 22 is controlled such that light is only pro-
jected to selected regions 110, while in the first mode the
light from the light source unit 24 is projected to a larger
area, e.g. to a whole hand and parts of the support 104
surrounding the hand. Determination of the selected re-
gions is achieved similar to the first embodiment.

FOURTH EMBODIMENT

[0043] A fourth embodiment will be described with re-
spect to Fig. 6. The device for optically examining the
interior of a turbid medium 30 according to the fourth
embodiment corresponds to that of the third embodiment
in that the illumination device 32 is adapted for projecting
the desired illumination pattern directly on the turbid me-
dium 5 to be examined. However, in contrast to the third
embodiment, the illumination device 32 is a scanning il-
lumination device, such as a laser scanner device, which
subsequently directs a light beam to the turbid medium
in the desired pattern. However, operation of the device
for examining the interior of a turbid medium 30 according
to the fourth embodiment is similar to the operation de-
scribed with respect to the first to third embodiments. In
the first mode, the scanning illumination device is oper-
ated such that a large area is illuminated, while in the
second mode the scanning illumination device is operat-
ed such that only selected regions of the large area are
illuminated.

[0044] Determination of the selected
achieved similar to the first embodiment.

regions is

FIFTH EMBODIMENT

[0045] A fifth embodiment will be described with re-
spect to Figs. 7a and 7b. Fig. 7a shows the device for
optically examining the interior of a turbid medium 40
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according the fifth embodiment in a side view. Fig. 7b is
a schematic top view on the illumination system 42 of the
device. The device of the fifth embodiment differs from
the other embodiments in the construction of the illumi-
nation system only. In the following, only the differences
to the other embodiments will be described.

[0046] The illumination system 42 of the fifth embodi-
ment comprises a plurality of individual illumination de-
vices 44. The individual illumination devices 44 are
adapted to the shape of typical regions of interest for
examination. In the embodiment shown in Fig. 7b, the
shapes of the individual illumination devices 44 are
adapted to the regions of interest of fingers and the wrist
of a human hand. Thus, this embodiment is particularly
adapted for examining the condition of joints. The indi-
vidual illumination devices 44 are arranged in the illumi-
nation system 42 such that their position is individually
adjustable in a plane parallel to the support 104 (e.g. by
linear movements in two (perpendicular) directions in the
plane and rotation about an axis perpendicular to the
plane), as schematically indicated by arrows in Fig. 7b
for one of the illumination devices 44. Such adjustability
has the advantage that the position of the individual illu-
mination devices 44 can be adapted to differences in
shape between different turbid media, such as the differ-
ences in the position of fingers between different per-
sons. Further, the illumination system 42 comprises an
additional extended light source 46 adapted for illuminat-
ing a large area of the turbid medium 5 to be examined
in the first mode.

[0047] As a result, according to the fifth embodiment
in afirstmode a large area is illuminated by the extended
light source 46 and a first image is acquired by the im-
aging device 106. Then, similar to the other embodi-
ments, the position of selected regions of interest is de-
termined based on the first image. Then, according to
the fifth embodiment the individual illumination devices
44 are actuated in the plane parallel to the support 104
to match the position of the turbid medium 5 which has
been determined from the first image. In a second mode
of operation, then only the selected regions of the large
area are illuminated by the individual illumination devices
44 which have been moved to the correct positions.
[0048] Thus, according to the fifthembodimentas well,
in the second mode of operation all light used for illumi-
nation is emitted only at positions where the turbid me-
dium 5is present. As a consequence, un-attenuated light
will not reach the detector unit of the imaging device 106
such that overexposure and deterioration of the relevant
images of regions of interest are prevented from occur-
ring.

[0049] Thus, according to the embodiments described
above, a turbid medium to be examined is, in a firstmode,
illuminated by large area illumination and the position of
the turbid medium is determined from a first image ac-
quired with this large area illumination. Regions of inter-
est are selected based on the first image and the turbid
medium is illuminated in a second mode in which only
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the selected regions are illuminated. A second image is
acquired in the second mode. Thus, in both modes ex-
tended regions of the turbid medium under examination
are illuminated and two-dimensional images of the turbid
medium are acquired by the imaging device. Preferably,
the same illumination system and imaging device are
used for the first mode operation (determination of the
regions of interest) and for the second mode of operation
(examination of selected regions only). In this case, no
additional parts are required and the alignment for the
examination is easily achieved.

[0050] The proposed device for optically examining the
interior of a turbid medium is particularly suited for optical
detection of rheumatoid arthritis. It enables early and
quantitative detection of inflammation. Thus, early treat-
ment and treatment monitoring become possible. The
proposed device is capable of illuminating body parts of
interest in a correct way such that unwanted saturation
of a detector unit is prevented.

Claims

1. Device (1; 10; 20; 30; 40) for optical examination of
a turbid medium (5) comprising joints, comprising:

an illumination system (2; 12; 22; 32; 42) adapt-
ed for illuminating the turbid medium (5) to be
examined; and

an imaging device (106) adapted for generating
images of the turbid medium (5) from detected
light, which detected light is transmitted from the
illumination system (2; 12; 22; 32; 42);
wherein the illumination system (2; 12; 22; 32;
42) is adapted to be operable in at least:

a first mode in which afirst area is illuminat-
ed, the first area comprising the turbid me-
dium (5) and a surrounding area, and

a second mode in which a plurality of se-
lected regions (110) of the first area are il-
luminated;

wherein the device comprises a control
unit (108) adapted to analyze a first im-
age acquired by the imaging device
(106) with the illumination system (2;
12; 22; 32; 42) in the first mode by rec-
ognizing a position of the turbid medium
(5) as a shadow in the first image to
determine the plurality of selected re-
gions (110), in which the turbid medium
(5) is situated, for illumination in the
second mode,

wherein the plurality of selected regions
(110) comprise positions of joints and
intermediate tissue.
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The device according to claim 1, wherein the illumi-
nation system (2; 12; 22; 32; 42) is adapted to oper-
ate at low output light levels in the first mode and to
operate at high output light levels in the second
mode.

The device according to any one of claims 1 to 2,
wherein the imaging system (106) is adapted to ac-
quire images with short integration times, when the
illumination system (2; 12; 22; 32; 42) operates in
the first mode, and to acquire images with longer
integration times, when the illumination system op-
erates in the second mode.

The device according to any one of claims 1 to 3,
wherein the illumination system (2) comprises a pix-
ilated light source unit for generating light for illumi-
nating in the first and second modes.

Device according to any one of claims 1 to 3, wherein
the illumination system (12) comprises an extended
light source unit (14) and a spatial filter unit (16) for
generating lightforilluminating in the firstand second
modes.

Device according to any one of claims 1 to 3, wherein
the illumination system (22; 32) is adapted for pro-
jecting desired illumination patterns directly on the
turbid medium (5).

Device according to any one of claims 1 to 3, wherein
the illumination system (42) comprises a plurality of
individual illumination devices (44) the positions of
which are adjustable.

Device according to any one of claims 1 to 7, wherein
the device comprises a support (104) adapted to
support a body part comprising the turbid medium
(5) to be examined.

Device according to any one of claims 1 to 8, wherein
the device is a medical optical examination appara-
tus.

Method for optical examination of a turbid medium
(5) comprising joints, the method comprising the
steps:

illuminating, by an illumination system operating
in a first mode, the turbid medium (5) to be ex-
amined over afirst area, the firstarea comprising
the turbid medium (5) and a surrounding area,
and detecting, by animaging device (106), a first
image of the turbid medium (5),

recognizing a position of the turbid medium (5)
as a shadow in the firstimage using image anal-
ysis to determine a plurality of selected regions
(110) of the first area, in which selected regions
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the turbid medium (5) is situated, wherein the
plurality of selected regions (110) comprise po-
sitions of joints and intermediate tissue, and
illuminating, by the illumination system operat-
ing in a second mode, the plurality of selected
regions (110) and detecting, by the imaging de-
vice (106), light as a second image.

11. Method according to claim 10, wherein illuminating

over the first area and illuminating the at least one
selected region (110) is performed with the same
illumination system (2; 12; 22; 32; 42) and image
acquisition of the first and second images is per-
formed with the same imaging device (106).

Patentanspriiche

Vorrichtung (1; 10; 20; 30; 40) zur optischen Unter-
suchung eines triben Mediums (5) mit Gelenken,
umfassend:

ein Beleuchtungssystem (2; 12; 22; 32; 42), das
zum Beleuchten des zu untersuchenden triben
Mediums (5) ausgelegt ist; und

eine Abbildungsvorrichtung (106), die zum Er-
zeugen von Bildern von dem triiben Medium (5)
aus detektiertem Licht ausgelegt ist, wobei das
detektierte Licht von dem Beleuchtungssystem
(2; 12; 22; 32; 42) ausgesendet wird;

wobei das Beleuchtungssystem (2; 12; 22; 32;
42) so ausgelegt ist, dass es zumindest betreib-
barist in:

einer ersten Betriebsart, in derein erster Be-
reich beleuchtet wird, wobei der erste Be-
reich das triibe Medium (5) und einen um-
gebenden Bereich umfasst, und

einer zweiten Betriebsart, in der eine Viel-
zahl ausgewahlter Regionen (110) des ers-
ten Bereichs beleuchtet werden;

wobei die Vorrichtung eine Steuereinheit (108)
umfasst, die so ausgelegt ist, dass sie ein erstes
Bild analysiert, das von der Abbildungsvorrich-
tung (106) aufgenommen wird, wahrend sich
das Beleuchtungssystem (2; 12; 22; 32; 42) in
der ersten Betriebsart befindet, indem sie eine
Position des triiben Mediums (5) als Schatten
auf dem ersten Bild erkennt, damit sie die Viel-
zahl ausgewahlter Regionen (110), in denen
sich das tribe Medium (5) befindet, zum Be-
leuchten in der zweiten Betriebsart bestimmt,
wobei die Vielzahl ausgewahlter Regionen
(110) Positionen von Gelenken und Zwischen-
gewebe umfasst.

2. Vorrichtung nach Anspruch 1, wobei das Beleuch-
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tungssystem (2; 12; 22; 32; 42) so ausgelegtist, dass
es in der ersten Betriebsart bei niedrigen Ausgangs-
lichtpegeln arbeitet und in der zweiten Betriebsart
bei hohen Ausgangslichtpegeln arbeitet.

Vorrichtung nach Anspruch 1 oder 2, wobei das Ab-
bildungssystem (106) so ausgelegt ist, dass es Bil-
der mit kurzen Integrationszeiten aufnimmt, wenn
das Beleuchtungssystem (2; 12; 22; 32; 42) in der
ersten Betriebsart arbeitet, und dass es Bilder mit
langeren Integrationszeiten aufnimmt, wenn das Be-
leuchtungssystem in der zweiten Betriebsart arbei-
tet.

Vorrichtung nach einem der Anspriiche 1 bis 3, wo-
bei das Beleuchtungssystem (2) eine Pixellichtquel-
leneinheit zum Erzeugen von Licht zum Beleuchten
in der ersten und zweiten Betriebsart umfasst.

Vorrichtung nach einem der Anspriiche 1 bis 3, wo-
bei das Beleuchtungssystem (12) eine diffuse Licht-
quelleneinheit (14) und eine Raumfiltereinheit (16)
zum Erzeugen von Licht zum Beleuchten in der ers-
ten und zweiten Betriebsart umfasst.

Vorrichtung nach einem der Anspriiche 1 bis 3, wo-
bei das Beleuchtungssystem (22; 32) so ausgelegt
ist, dass es gewlinschte Beleuchtungsmuster unmit-
telbar auf das triibe Medium (5) strahlt.

Vorrichtung nach einem der Anspriiche 1 bis 3, wo-
bei das Beleuchtungssystem (42) eine Vielzahl von
einzelnen Beleuchtungsvorrichtungen (44) umfasst,
deren Position einstellbar ist.

Vorrichtung nach einem der Anspriiche 1 bis 7, wo-
bei die Vorrichtung einen Trager (104) umfasst, der
so ausgelegt ist, dass er ein Korperteil tragt, das das
zu untersuchende triibe Medium (5) umfasst.

Vorrichtung nach einem der Anspriiche 1 bis 8, wo-
bei die Vorrichtung ein medizinisches optisches Un-
tersuchungsgerat ist.

Verfahren zur optischen Untersuchung eines triiben
Mediums (5) mit Gelenken, wobei das Verfahren fol-
gende Schritte umfasst:

Beleuchten, mit einem in einer ersten Betriebs-
art arbeitenden Beleuchtungssystem, des zu
untersuchenden triiben Mediums (5) Uber einen
ersten Bereich, wobei der erste Bereich das tri-
be Medium (5) und einen umgebenden Bereich
umfasst, und Erfassen, mit einer Abbildungsvor-
richtung (106), eines ersten Bilds des triben Me-
diums (5),

Erkennen einer Position des triiben Mediums (5)
als Schatten im ersten Bild unter Verwendung
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einer Bildanalyse zum Bestimmen einer Vielzahl
ausgewahlter Regionen (110) des ersten Be-
reichs, wobei sich in den ausgewahlten Regio-
nen das tribe Medium (5) befindet, wobei die
Vielzahl ausgewahlter Regionen (110) Positio-
nen von Gelenken und Zwischengewebe um-
fasst, und

Beleuchten, mitdemin einerzweiten Betriebsart
arbeitenden Beleuchtungssystem, der Vielzahl
ausgewahlter Regionen (110), und Detektieren,
mit der Abbildungsvorrichtung (106), von Licht
als zweites Bild.

11. Verfahren nach Anspruch 10, wobei das Beleuchten

Uber den ersten Bereich und das Beleuchten der
mindestens einen ausgewahlten Region (110) mit
demselben Beleuchtungssystem (2; 12; 22; 32; 42)
erfolgen und die Bilderfassung des ersten und zwei-
ten Bilds mit derselben Abbildungsvorrichtung (106)
erfolgt.

Revendications

Dispositif (1 ;10 ;20 ; 30 ; 40) pour 'examen optique
d’un milieu turbide (5), comprenantdes articulations,
comprenant :

unsystémed’éclairage (2 ;12 ;22 ;32 ;42) con-
¢u pour éclairer le milieu turbide (5) a examiner ;
et

un dispositif d'imagerie (106) congu pour géné-
rer des images du milieu turbide (5) a partir de
la lumiére détectée, cette lumiére détectée étant
transmise par le systeme d’éclairage (2; 12 ;
22;32;42);

le systemed’éclairage (2 ;12 ;22 ;32 ;42) étant
congu pour fonctionner au moins :

dans un premier mode dans lequel une pre-
miére zone est éclairée, la premiére zone
comprenant le milieu turbide (5) etune zone
environnante et

un deuxiéme mode dans lequel une plura-
lité derégions sélectionnées (110) delapre-
miére zone sont éclairées ;

le dispositif comprenant une unité de comman-
de (108) congue pour analyser une premiere
image acquise par le dispositif d'imagerie (106)
avec le systeme d’éclairage (2; 12; 22; 32;
42) dans le premier mode en reconnaissantune
position du milieu turbide (5) sous la forme d’'une
ombre dans la premiére image afin de détermi-
ner la pluralité de régions sélectionnées (110)
dans lesquelles se trouve le milieu turbide (5),
pour I'éclairage dans le deuxiéme mode,

la pluralité de régions sélectionnées (110) com-
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prenant des positions d’articulations et du tissu
intermédiaire.

Dispositif selon la revendication 1, dans lequel le
systéme d’éclairage (2 ;12 ;22 ; 32 ; 42) est congu
pour fonctionner a des niveaux de sortie de lumiére
faibles dans le premier mode et pour fonctionner a
des niveaux de lumiére de sortie élevés dans le
deuxiéme mode.

Dispositif selon I'une des revendications 1 a 2, dans
lequel le systéme d’imagerie (106) est congu pour
acqueérir des images avec des temps d’intégration
courts, lorsque le systéeme d’éclairage (2 ; 12; 22;
32 ; 42) fonctionne dans le premier mode et pour
acquérir des images avec des temps d’intégration
plus longs lorsque le systéme d’éclairage fonctionne
dans la deuxiéme mode.

Dispositif selon 'une des revendications 1 a 3, dans
lequelle systéme d’éclairage (2) comprend une unité
de source lumineuse pixelisée pour I'éclairage dans
les premier et deuxiéme modes.

Dispositif selon 'une des revendications 1 a 3, dans
lequelle systéme d’éclairage (12) comprend une uni-
té de source lumineuse étendue (14) et une unité de
filtrage spatial (16) pour générer de la lumiére pour
I'éclairage dans les premier et deuxi€me modes.

Dispositif selon 'une des revendications 1 a 3, dans
lequel le systéme d’éclairage (22 ; 32) est congu
pour projeter des motifs d’éclairage souhaités direc-
tement sur le milieu turbide (5).

Dispositif selon 'une des revendications 1 a 3, dans
lequelle systéme d’éclairage (42) comprend une plu-
ralité de dispositifs d’éclairage individuels (44) dont
les positions sont ajustables.

Dispositif selon I'une des revendications 1 a 7, dans
lequel le dispositif comprend un support (104) congu
pour supporter une partie de corps comprenant le
milieu turbide (5) a examiner.

Dispositif selon I'une des revendications 1 a 8, dans
lequel le dispositif est un appareil d’'examen optique
médical.

Procédé d’examen optique d’'un milieu turbide (5)
comprenant des articulations, ce procédé compre-
nant les étapes suivantes :

éclairage, a l'aide d'un systeme d’éclairage
fonctionnant dans un premier mode, du milieu
turbide (5) a examiner, sur une premiére zone,
la premiére zone comprenant le milieu turbide
(5), et une zone environnante, et détection, par
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10

un dispositif d'imagerie (106), d’'une premiere
image du milieu turbide (5),

reconnaissance d’une position du milieu turbide
(5) sous la forme d’'une ombre dans la premiere
image a I'aide d’'une analyse d’'image afin de dé-
terminer une pluralité de régions sélectionnées
(110) de la premiére zone, le milieu turbide (5)
se trouvant dans ces régions sélectionnées, la
pluralité de régions sélectionnées (110) com-
prenant des positions d’articulations et du tissu
intermédiaire et

éclairage, a l'aide du systéme d’éclairage fonc-
tionnant dans un deuxieme mode, de la pluralité
derégions sélectionnées (110) et détection, par
le dispositif d'imagerie (106), d’'une lumiére en
tant que deuxieme image.

11. Procédé selon la revendication 10, dans lequel

I’éclairage sur la premiére zone et I'éclairage de I'au
moins une région sélectionnée (110) sont effectués
avec le méme systéme d’éclairage (2 ;12 ;22 ;32 ;
42) et I'acquisition de la premiére et de la deuxieme
images est effectuée avec le méme dispositif d'ima-
gerie (106).
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