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Description
FIELD OF INVENTION

[0001] The present invention relates to an optical de-
tection method and to a device for optical detection of
the condition of 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 body
part means a part of a human or animal body. The term
blocking covers both complete blocking and blocking to
a substantial extent.

[0003] In general, the present invention relates to op-
tical detection of joint conditions, in particular to the op-
tical detection of joint diseases such as rheumatoid ar-
thritis (RA). The treatment of such joint diseases is
staged. Usually, a patientfirstreceives pain killers. These
are frequently followed by non-steroid anti-inflammatory
drugs (NSAIDs) and disease modifying anti-rheumatic
drugs (DMARDSs). In many cases, the last stage in treat-
ment with drugs is the use of biological therapies. In par-
ticular the last category is expensive and treatment can
cost tens of thousands of dollars per year per patient.
Additionally, the drugs used in later stages of treatment
often cause more severe side effects. With respect to
such joint diseases, medical professionals base their de-
cisions on changes in therapy on disease activity which
is given by the number and the severity of inflamed joints.
[0004] 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.

[0005] It has been found in time-dependent measure-
ments using non-targeted fluorescent dyes administered
to the patient that perfusion dynamics in diseased joints
are different as compared to normal healthy joints. How-
ever, in the clinical practice of rheumatologists, adminis-
tration of contrast agents is impractical in most cases.
[0006] As an alternative, it has been proposed to use
Diffuse Optical Tomography (DOT) to image joints for
providing information about their condition. In a research
project, venous blood flow to a body part has been tem-
porarily obstructed by means of a pressure cuff and a
single joint has been imaged by means of DOT. In such
studies, it has been found that optical parameters exist
which correlate with the presence of rheumatoid arthritis
(RA).

[0007] For example, it is known that inflammation can
be recognized by a change in perfusion. Blood constitu-
ents, in particular both oxygenated and deoxygenated
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hemoglobin have distinct optical characteristics com-
pared to other constituents of the human or animal body
and thus can in principle be optically detected.

[0008] US 6424859 B2discloses anearinfrared spec-
troscopic technique for characterizing the condition of a
joint. The results from a spectroscopic measurement are
compared to a database in which measurement results
for a plurality of arthritic and healthy joints are stored.
However, this technique does not allow satisfactorily sep-
arating signals resulting from blood and signals from oth-
er sources in the body. Further, the technique does not
allow separating joint-specific features from features re-
sulting from tissue such as skin, fat, etc. US 6 587 704
B1 discloses a method for non-invasive measurement of
blood parameters in which a condition of artificial kinetics
by stopping blood flow during measurement. Currently
there is no satisfactory tool helping medical professionals
in early detection of joint diseases or, more specifically,
in quantitative and objective detection of inflamed joints.
The same holds for monitoring of disease activity, there
is no tool for fast, objective and quantitative detection of
disease activity (the degree of inflammation of joints).

SUMMARY OF THE INVENTION

[0009] Itis an object of the presentinvention to provide
an optical detection method and a device for optical de-
tection of the condition of joints which provide information
about the condition of joints allowing an early detection
of jointdiseases and allowing monitoring disease activity.
The optical detection method and the device for optical
detection of the condition of joints shall provide sufficient
information to assist a medical professional to come to
a conclusion with respect to the joint condition and dis-
ease activity, respectively.

[0010] The object is solved by an optical detection
method according to claim 1. In the optical detection
method, a body part comprising at least one joint is irra-
diated with light and local attenuation of the light by the
body part is detected as attenuation measurements at
the position of the at least one joint and at the position
of at least one other portion of the body part. Blood flow
toand/or from the body partis temporarily atleast partially
blocked and thereafter enabled again. Distinct local at-
tenuation measurements for the at least one joint and for
the at least one other portion of the body part are per-
formed for at least two of the times before, during, and
after the blocking of blood flow. Measurements before
and after the blocking of the blood flow can give relevant
data, if only because it can take the body a remarkable
long time (>5 minutes) to fully recover and return to the
same transmission properties as before the measure-
ment. Since the attenuation of the light used for irradiation
is locally detected for two distinct positions of which at
least one is a joint, differences in the optical properties
of the at least one joint compared to the at least one other
portion of the body part can be detected. Since the distinct
local attenuation measurements are performed before
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and during the blocking of blood flow, before and after
the blocking of blood flow, and/or during and after the
blocking of blood flow, the response of the at least one
joint to changes in blood flow compared to the at least
one other portion can be detected. During inflammation
of a joint, the number and properties of blood vessels
(capillaries) in the joint change. This effect together with
the specific light absorption of blood is used for measur-
ing the condition of a joint. Due to the measurements
under different blood flow conditions, the signal resulting
from blood can be separated from signals resulting from
other sources of light attenuation in the body. Since at
least one joint and at least one other body portion of the
body part (e.g. next to the joint) are measured, joint-spe-
cific results are achieved and contributions from tissues
which are present in both the joint and the other body
portion (such as fat, skin, etc.) can be separated. As a
result, a signal which is joint-specific for changes in blood
content can be obtained. Separate measurements to
identify the composition (e.g. bone, fat, skin, etc.) of the
body part can be omitted. As a consequence, valuable
information about the joint condition and/or disease ac-
tivity is provided to a medical professional. It should be
noted that no complete blocking of the blood flow is re-
quired but a significant partial reduction in blood flow may
suffice.

[0011] Preferably, the distinct local attenuation meas-
urements for the at least one joint and for the at least one
other portion of the body part are performed at all three
intervals before, during, and after the blocking of blood
flow. In this case, even more information about the con-
dition the at least one joint is provided.

[0012] If the at least one other portion of the body part
is another joint, the response of differentjoints to changes
in blood flow can be compared and information about
differences in the condition of several joints is provided.
[0013] Preferably, for the at least one joint and the at
least one other portion of the body part, continuous dis-
tinct local attenuation measurements are performed be-
fore the blocking of blood flow, during the blocking of
blood flow, and after the blocking of blood flow. In this
case, due to the continuous measurements, exact infor-
mation about the time point of a response to a change in
blood flow is provided for the at least one joint and the
at least one other portion.

[0014] If the results of distinct local attenuation meas-
urements for the at least one joint and for the at least one
other portion of the body part which are acquired sub-
stantially simultaneously are compared to each other,
the differences in response between the atleast one joint
and the at least one other portion are provided in an ad-
vantageous way.

[0015] Preferably, the blood flow is blocked by appli-
cation of pressure. Thus, a simple and convenient way
for obstructing the blood flow is provided.

[0016] According to an aspect, during acquisition of
the distinct local attenuation measurements, the body
partis immersed in an optically matching medium. In this
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case, optical boundary effects and the dynamic range of
intensities to which a detector is subjected are reduced.
[0017] The object is further solved by a device for op-
tical detection of the condition of joints according to claim
7. The device comprises: a measurement unit for irradi-
ating a body part comprising at least one joint with light
and locally detecting attenuation of the light at the atleast
one joint and at least one other portion of the body part;
a blood flow blocking unit for blocking the blood flow to
and/or from the body part; and a control unit. The control
unit controls the device such that: blood flow to and/or
from the body part is temporarily at least partially blocked
and thereafter enabled again; and distinct local attenua-
tion measurements for the at least one joint and for at
least one other portion of the body part are performed
for at least two of the times before, during, and after the
blocking of blood flow. The device achieves the advan-
tages described above with respect to the method.
[0018] Ifthe blood flow blocking unitis adapted to block
the blood flow by application of pressure, the advantages
can be realized in a simple and convenient way.

[0019] If the measurement unit comprises a light
source unit capable of emitting light of at least two distinct
wavelengths, one wavelength can be chosen such that
blood has a high absorption and another wavelength can
be chosen such that the absorption of blood is low or
comparable to surrounding tissue. Thus, more detailed
information about perfusion of the at least one joint and
the atleast one other portion of the body partare provided
and can be analyzed for judging the condition of the at
least one joint.

[0020] Preferably, the light source unit comprises at
least two lasers. In this case, well defined wavelengths
are provided and differences in perfusion can be detected
with high accuracy.

[0021] Preferably, the device is a medical optical de-
tection device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Furtherfeatures 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 a set-up for optical de-
tection of the condition of joints according to an em-
bodiment.

Fig. 2 schematically shows details of a measurement
unit according to an embodiment.

Fig. 3 schematically shows a human hand as an ex-
ample for a body part with the positions of joints in-
dicated.

Fig. 4 shows an example for an attenuation meas-
urement as a function of time.

Fig. 5 schematically illustrates the results of simul-
taneous distinct local attenuation measurements for
two joints and one other portion of the body part
which is not a joint.
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DETAILED DESCRIPTION OF EMBODIMENTS

[0023] An embodiment of the present invention will
now be described with reference to the figures. Fig. 1
schematically shows a set-up for the optical detection of
the condition of joints. In the illustration, a human body
4 is schematically shown as a body and a hand forms
the body part 5 to be examined. However, it should be
noted that the invention is not restricted to human bodies
and e.g. animal bodies may be subjected to examination.
Further, the body part 5 is not restricted to a hand but
may also be formed by another body part comprising at
least one joint 6 such as arms, legs, feet, etc.

[0024] Inthe embodiment shown, the device for optical
detection of the condition of joints comprises a measure-
ment unit 2, a blood flow blocking unit 3, and a control
unit 1. The control unit 1 is provided to control the oper-
ation of the device and data acquisition. The measure-
ment unit 2 is provided to irradiate portions of the body
part 5 under examination with light and measure the local
attenuation of the light at different positions of the body
part 5. For example, in the embodiment shown the meas-
urement unit 2 is formed by a measurement head which
will be described in more detail below. The blood flow
blocking unit 3 is provided for temporarily blocking the
blood flow to and/or from the body part 5 under exami-
nation. In the embodiment, the blood flow blocking unit
3 is provided by a pressure cuff surrounding the arm to
which the hand under examination belongs and obstruct-
ing the blood flow by application of pressure to the upper
arm. It should be noted that the blood flow blocking unit
3 may be adapted differently in order to allow temporarily
at least partially blocking the blood flow to and/or from
body parts 5 other than a hand.

[0025] The construction of the measurement unit 2 ac-
cording to the embodiment will be described in further
detail with reference to Fig. 2.

[0026] The measurement unit 2 schematically shown
in Fig. 2 is adapted for attenuation measurements in
transmission geometry. The measurement unit 2 com-
prises a light source unit 21 emitting a beam of light for
irradiating the body part 5. The light source unit 21 com-
prises at least one light source and appropriate light
guides to direct the beam of light to the body part 5. The
light source may be formed by a lamp or by one or more
lasers and the light guides may for instance be formed
by optical fibers. The light source unit 21 is adapted to
be capable to emit light of at least two different wave-
lengths, preferably in the red to near infrared, wherein
one wavelength is chosen such that blood has a high
absorption and another wavelength is chosen such that
the absorption of blood is low or comparable to surround-
ing tissue. Suitable wavelengths are for instance 600 nm
and 805 nm but other wavelengths fulfilling these criteria
are possible as well. Wavelengths in the wavelength
range between 550 and 980 nm are particularly suitable.
Further, an optical component 22 which e.g. may be
formed by a lens is provided for directing the light to the
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body part 5. The optical component 22 is capable of con-
centrating the light (irradiation light 25) on a specific area
of interest (or several specific areas of interest; i.e. spe-
cific positions) of the body part 5 as will be described
below. A second optical element 23 is provided to collect
light emerging from the specific area (or areas) of interest
and direct the collected light 26 to a detection element
24. The detection element 24 may for instance be formed
by a photodiode, a CCD, an optical guide such as a fiber
connecting to a photodiode, or another light detection
scheme known in the art.

[0027] The measurement unit 2 is adapted such that
distinct local attenuation measurements for at least two
different portions of the body part 5 can be performed.
[0028] The controlunit 1isadapted such thatitcontrols
at least partial blocking of the blood flow to and/or from
the body part 5 by means of the blood flow blocking unit
3. Further, it controls the measurement unit 2 such that
local attenuation measurements are performed before
the blood flow is blocked (interval | in Fig. 4), local atten-
uation measurements (at the same positions) are per-
formed during the blocking of blood flow (interval Il in Fig.
4), and local attenuation measurements (at the same po-
sitions) are performed after restoring the blood flow (in-
terval lll in Fig. 4).

[0029] Fig. 4 shows an example of attenuation meas-
urements (optical intensity measurements) over time on
a finger joint as a particular area of interest before the
blocking of blood flow (l), during the blocking of blood
flow (ll; "occlusion"), and after the blocking of blood flow
(1. 1t can be seen that the attenuation measurements
in the three time intervals (before (1), during (ll), and after
(1) occlusion) are performed continuously to achieve
time-resolved measurements. It can be seen that the
measured intensity drops after blocking the blood flow
and rises again after restoring of the blood flow. However,
the height of the drop and the time relation between the
blocking/restoring of blood flow and change in the meas-
ured intensity provide important information about the
condition of the joint 6 under examination.

[0030] According to the invention attenuation meas-
urements are not only performed for a single joint 6 but
at least one joint and at least one other portion of the
body part under examination are measured simultane-
ously, i.e. within the same cycle of normal blood flow (I),
obstruction of blood flow (Il), and restoration of the blood
flow (ll). This is achieved by simultaneously performing
distinct local attenuation measurements at the position
of the at least one joint 6 and at the position of the at least
one other portion of the body part 5. The at least one
other portion of the body part may be another joint or a
portion which is not a joint and serves as a reference
portion. For each of the positions, attenuation measure-
ments are performed for the at least two different wave-
lengths of the irradiation light for one of which blood has
a high absorption and for the other one of which absorp-
tion of blood is low or comparable to surrounding tissue.
Preferably, attenuation measurements for multiple joints
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of a patient are performed simultaneously. In the pre-
ferred embodiment, all joints in both hands are measured
simultaneously.

[0031] As a result, the following steps are performed
according to the embodiment: distinct local attenuation
measurements for atleast one joint and atleast one other
portion of the body part 5 are performed; the blood flow
to the body part 5 under examination is temporarily
blocked by means of the blood flow blocking unit 3 and
distinct local attenuation measurements for the at least
one joint and the at least one other portion are performed;
and the blood flow is restored and distinct local attenua-
tion measurements for the at least one joint and the at
least one other portion of the body part 5 are performed.
In each of the intervals, several attenuation measure-
ments are performed to achieve a time-resolved meas-
urement. Further, the time dependent behavior of the at
least one joint and the at least one other portion of the
body part 5 are analyzed both independently and with
respect to each other. Exploiting the measurements for
at least two different wavelengths allows analyzing the
perfusion dynamics and oxygenation.

[0032] Preferably, multiple joints are measured simul-
taneously and the time dependent behavior of these mul-
tiple joints with respect to each other is analyzed. Still
more preferably, all joints of a body part 5 are measured
simultaneously. Fig. 3 shows a hand as an example for
a body part 5 to be examined and the positions of joints
6 are indicated by crosshairs (it should be noted that not
alljoints are provided with reference signs). The indicated
positions can be used as positions for the local attenua-
tion measurements and additionally positions between
these indicated positions can be used for reference at-
tenuation measurements.

[0033] In the embodiment shown in Fig. 1, via the
measurement unit 2, the control unit 1 detects the spec-
tral characteristics of the body part 5 containing joints 6.
After a baseline measurement, the blood flow is (at least
partially) blocked by the blood flow blocking unit 3. The
measurement unit 2 now detects spectral changes relat-
ed to the reduced blood flow. After some time, e.g. 30
seconds, the blood flow is restored by operating the blood
flow blocking unit 3 appropriately (e.g. releasing the pres-
sure cuff). The measurement unit 2 detects how fast the
perfusion is restored in the joints and in which order the
perfusion is restored. Preferably, the perfusion recovery
is also compared between joints and other areas of the
body part 5. Inflamed joints will have a different perfusion
and oxygenation as compared to healthy joints. As a re-
sult, the dynamic spectral behavior which is measured
by the measurement unit 2 will be different.

[0034] Fig. 5 shows an example for the results of at-
tenuation measurements (in transmission geometry) per-
formed simultaneously. The trace marked with T1 corre-
sponds to local attenuation measurements at a first joint,
the trace marked with T2 corresponds to local attenuation
measurements at a second joint, and the trace marked
with R1 corresponds to local attenuation measurements
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at a reference position which is not a joint. The charac-
teristics A, B, C of the drops occurring in the traces can
be different. Thus, a single drop can be analyzed and
also the relation between the drops A, B, C in the different
traces T1, T2, and R1. Inflamed joints can show signs of
high perfusion such as anincreased drop in transmission
compared to other joints or compared to a reference po-
sition. Also the time differences D, E between the chang-
es in transmission between the traces T1, T2, and R1
can be used as marker for inflammation and provide im-
portant information.

[0035] The time-dependent behavior of individual
joints, the behavior of joints with respect to each other
and with respect to other parts (that can act as a refer-
ence) is analyzed.

[0036] Inthe embodiment described above, the meas-
urement unit 2 has been adapted for measurements in
transmission geometry, i.e. the body part is irradiated
from one side and the light having passed through the
body part is measured on the opposite side. In a modifi-
cation of the embodiment, the measurement unit 2 can
be adapted for attenuation measurements in reflection
geometry. In this case, irradiation and detection are per-
formed from the same side of the body part 5. In reflection
geometry, the optical components 22 and 23 can be com-
bined. Itis advantageous to separate the diffuse reflected
light from the illumination light. This can be achieved e.g.
by orthogonal polarized spectral imaging (OPSI) or dark-
field imaging or other suitable techniques known in the
art.

[0037] Itshould be noted that, in the embodiments, the
blood flow need not be completely blocked but a sub-
stantial reduction of the blood flow may suffice.

[0038] A plurality of different ways for implementing
the measurement unit 2 exists. It is an essential feature
that the local collection of light from multiple portions of
the body part 5 under examination is measured. This can
e.g. be achieved by illuminating a single spot at a time
and detecting a corresponding single spot on the body
part 5 and scanning the position of the illumination and
detection spot over the body part 5.

[0039] A further, more preferred possibility is to illumi-
nate the whole body part 5 and to image the transmitted
(orreflected) light with a CCD camera or another suitable
camera. However, due to the diffuse transmission, in this
case the resolution of the image is limited and light
traveling e.g. between fingers may overload the detector.
[0040] A still more preferred possibility is to illuminate
a discrete number of spots on the body part 5. This im-
plementation has the advantage that less stray light
reaches the detector which leads to a higher resolution
and that the intensity of all the spots can be adjusted
such that only a limited dynamic range is required for the
detector.

[0041] It is also possible to immerse the body part 5
under examination in an optically matching medium, e.g.
a fluid, in order to reduce optical boundary effects and
the dynamic range of intensities falling on the detector.
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In such a technique, a fluid having optical properties
(such as the optical absorption coefficient and the re-
duced scattering coefficient) similar to those of tissue is
employed.

[0042] Further, to detect different wavelengths, it is
possible to alternate theillumination wavelength. Itis also
possible to illuminate with all required wavelengths si-
multaneously and separate the different wavelengths in
the detection path, e.g. using filters or a spectrograph.
[0043] In a preferred implementation, multiple body
parts (e.g. both hands) are measured simultaneously.
[0044] Although it has been described with respect to
the embodiment that at least two wavelengths are used
for illumination, the invention is not restricted to that. For
example, a larger number of discrete wavelengths can
be used or even a complete spectrum over a certain
range of wavelengths (e.g. 650 to 1000 nm). However,
acquiring a complete spectrum requires more costly com-
ponents as compared to a few distinct wavelengths. If
several types of tissue components (such as fat, water,
etc.) shall be discriminated, it might be advantageous to
use more than two distinct wavelengths. Using more
wavelengths helps improving the accuracy of the device,
however, at increased cost and complexity.

Claims

1. Optical detection method of the condition of joints;
wherein a body part (5) comprising at least one joint
(6) is irradiated with light; and
local attenuation of the light by the body part (5) is
substantially simultaneously detected as attenuation
measurement at the position of the at least one joint
(6) and at the position of at least one other portion
of the body part (5); and wherein
blood flow to and/or from the body part (5) is tempo-
rarily atleast partially blocked and thereafter enabled
again;
distinct local attenuation measurements for the at
least one joint (6) and for at least one other portion
of the body part (5) are substantially simultaneously
performed for at least two of the times before (l),
during (ll), and after (lll) the blocking of blood flow;
and
wherein the results of the distinct local attenuation
measurements for the at least one joint (6) and for
the at least one other portion of the body part (5) are
compared to each other.

2. Optical detection method according to claim 1,
wherein the distinct local attenuation measurements
for the at least one joint (6) and for the at least one
other portion of the body part are performed before
(), during (Il), and after (1) the blocking of blood flow.

3. Optical detection method according to any one of
claims 1 and 2, wherein the at least one other portion
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of the body part (5) is another joint.

Optical detection method according to any one of
claims 1 to 3, wherein, for the at least one joint (6)
and the at least one other portion of the body part
(5), continuous distinct local attenuation measure-
ments are performed before the blocking of blood
flow (1), during the blocking of blood flow (II), and
after the blocking of blood flow (111).

Optical detection method according to any one of
claims 1 to 4, wherein the blood flow is blocked by
application of pressure.

Optical detection method according to any one of
claims 1 to 5, wherein, during acquisition of the dis-
tinct local attenuation measurements, the body part
(5) is immersed in an optically matching medium.

Device for optical detection of the condition of joints;
the device comprising:

a measurement unit (2) for irradiating a body
part (5) comprising at least one joint (6) with light
and locally and substantially simultaneously de-
tecting attenuation of the light at the at least one
joint(6) and atleast one other portion of the body
part (5);

a blood flow blocking unit (3) for blocking the
blood flow to and/or from the body part (5);
and a control unit (1) controlling the device such
that:

blood flow to and/or from the body part (5)
is temporarily at least partially blocked and
thereafter enabled again; and

distinct local attenuation measurements for the
at least one joint (6) and for at least one other
portion of the body part (5) are substantially si-
multaneously performed for at least two of the
times before (1), during (I1),

and after (l1l) the blocking of blood flow, and the
results of the distinctlocal attenuation measure-
ments for the at least one joint (6) and for the at
least one other portion of the body part (5) are
compared to each other.

Device for optical detection of the condition of joints
according to claim 7, wherein the blood flow blocking
unit (3) is adapted to block the blood flow by appli-
cation of pressure.

Device for optical detection of the condition of joints
according to any one of claims 7 and 8, wherein the
measurement unit (2) comprises a light source unit
(21) capable of emitting light of at least two distinct
wavelengths.
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10. Device for optical detection of the condition of joints

according to claim 9, wherein the light source unit
(21) comprises at least two lasers.

Patentanspriiche

1.

Verfahren zur optischen Detektion des Zustands von
Gelenken, wobei

ein Korperteil (5), das wenigstens ein Gelenk (6) ent-
halt, mit Licht bestrahlt wird und

lokale Abschwéachung des Lichts durch das Kérper-
teil (5) im Wesentlichen gleichzeitig als Abschwa-
chungsmessung an der Position des wenigstens ei-
nen Gelenks (6) und an der Position von wenigstens
einem anderen Bereich des Korperteils (5) detektiert
wird, und wobei

der Blutfluss zu und/oder von dem Kérperteil (5) zeit-
weilig wenigstens teilweise blockiert und danach
wieder freigegeben wird,

verschiedene lokale Abschwachungsmessungen
fir das wenigstens eine Gelenk (6) und flr wenigs-
tens einen anderen Bereich des Korperteils (5) im
Wesentlichen gleichzeitig zu wenigstens zwei Zeit-
punkten von vor (l), wahrend (1) und nach (lll) der
Blockierung des Blutflusses durchgefiihrt werden
und

wobei die Resultate der verschiedenen lokalen Ab-
schwachungsmessungen fiir das wenigstens eine
Gelenk (6) und fiir den wenigstens einen anderen
Bereich des Korperteils (5) miteinander verglichen
werden.

Verfahren zur optischen Detektion nach Anspruch
1, wobei die verschiedenen lokalen Abschwa-
chungsmessungen fiir das wenigstens eine Gelenk
(6) und flir den wenigstens einen anderen Bereich
des Korperteils durchgefiihrt werden vor (1), wah-
rend (I1) und nach (lll) der Blockierung des Blutflus-
ses.

Verfahren zur optischen Detektion gemaR einem der
Anspriiche 1 und 2, wobei der wenigstens eine an-
dere Bereich des Korperteils (5) ein anderes Gelenk
ist.

Verfahren zur optischen Detektion nach einem der
Anspriiche 1 bis 3, wobei, fir das wenigstens eine
Gelenk (6) und den wenigstens einen anderen Be-
reich des Korperteils (5), verschiedene lokale Ab-
schwachungsmessungen kontinuierlich durchge-
fuhrt werden vor der Blockierung des Blutflusses (1),
wahrend der Blockierung des Blutflusses (II) und
nach der Blockierung des Blutflusses (lII).

Verfahren zur optischen Detektion nach einem der
Anspriche 1 bis 4, wobei der Blutfluss durch Anwen-
den von Druck blockiert wird.
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6.

10.

Verfahren zur optischen Detektion nach einem der
Anspriiche 1 bis 5, wobei, wahrend der Aufnahme
der verschiedenen lokalen Abschwachungsmes-
sungen, das Korperteil (5) in ein optisches Anpas-
sungsmedium eingetaucht ist.

Gerat fir die optische Detektion des Zustands von
Gelenken, wobei das Geréat aufweist:

eine Messeinheit (2) zum Bestrahlen eines Kor-
perteils (5), das wenigstens ein Gelenk (6) ent-
halt, mit Licht und zum im Wesentlichen gleich-
zeitigen Detektieren der Lichtabschwéachung an
dem wenigstens einen Gelenk (6) und an we-
nigstens einem anderen Bereich des Korperteils
(%),

eine Blutfluss-Blockiereinheit (3) zum Blockie-
ren des Blutflusses zu und/oder von dem Kér-
perteil (5)

und eine Steuereinheit (1), die das Gerat so
steuert, dass:

der Blutfluss zu und/oder von dem Kérper-
teil (5) zeitweilig wenigstens teilweise blo-
ckiert und danach wieder freigegeben wird
und

verschiedene lokale Abschwachungsmes-
sungen fiir das wenigstens eine Gelenk (6)
und fir den wenigstens einen anderen Be-
reich des Korperteils (5) im Wesentlichen
simultan durchgefiihrt werden zu wenigs-
tens zwei Zeitpunkten von vor (I), wahrend
(1) und nach (Ill) der Blockierung des Blut-
flusses und die Resultate der verschiede-
nen lokalen Abschwachungsmessungen
fur das wenigstens eine Gelenk (6) und fir
den wenigstens einen anderen Bereich des
Kérperteils (5) miteinander verglichen wer-
den.

Gerat zur optischen Detektion des Zustands von Ge-
lenken nach Anspruch 7, wobei die Blutfluss-Blo-
ckierungseinheit (3) dazu ausgestaltet ist, den Blut-
fluss durch Anwendung von Druck zu blockieren.

Geratzuroptischen Detektion des Zustands von Ge-
lenken nach einem der Anspriiche 7 und 8, wobei
die Messeinheit (2) eine Lichtquelleneinheit (21) auf-
weist, die zur Ausstrahlung von Licht mit wenigstens
zwei verschiedenen Wellenlangen in der Lage ist.

Geratzuroptischen Detektion des Zustands von Ge-
lenken nach Anspruch 9, wobei die Lichtquellenein-
heit (21) wenigstens zwei Laser aufweist.
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Revendications

Méthode de détection
d’articulations ; dans laquelle
une partie de corps (5) comprenant au moins une
articulation (6) est irradiée a I'aide d’une lumiére ; et
une atténuation locale de la lumiere par la partie de
corps (5) est détectée de maniére sensiblement si-
multanée comme une mesure d’atténuation a la po-
sition de la au moins une articulation (6) et a la po-
sition d’au moins une autre partie de la partie de
corps (5) ; et dans laquelle

un écoulement sanguin vers et/ou depuis la partie
de corps (5) est temporairement au moins partielle-
ment bloqué et aprés ceci autorisé a nouveau ;
des mesures d’atténuation locale distinctes pour la
au moins une articulation (6) et pour la au moins une
autre partie de la partie de corps (5) sont effectuées
de maniére sensiblement simultanée pour au moins
deux instants parmi avant (1), pendant (ll), et aprés
(111 le blocage de I'écoulement sanguin ; et

dans laquelle les résultats des mesures d’atténua-
tion locale distinctes pour la au moins une articula-
tion (6) et pour la au moins une autre partie de la
partie de corps (5) sont comparés I'un a l'autre.

optique de [l'état

Méthode de détection optique selon la revendication
1,danslaquelle les mesures d’atténuation locale dis-
tinctes pour la au moins une articulation (6) et pour
la au moins une autre partie de la partie de corps
sont effectuées avant (1), pendant (Il), et apres (lll)
le blocage de I'écoulement sanguin.

Méthode de détection optique selon I'une quelcon-
que des revendications 1 et 2, dans laquelle la au
moins une autre partie de la partie de corps (5) est
une autre articulation.

Méthode de détection optique selon I'une quelcon-
que des revendications 1 a 3, dans laquelle, pour la
aumoins une articulation (6) etla au moins une autre
partie de la partie de corps (5), des mesures d’atté-
nuation locale distinctes continues sont effectuées
avant le blocage de I'écoulement sanguin (l), pen-
dantle blocage del’écoulement sanguin (Il), etaprés
le blocage de I'écoulement sanguin (lII).

Méthode de détection optique selon I'une quelcon-
que des revendications 1 a 4, dans laquelle I'écou-
lement sanguin est bloqué par application d’'une
pression.

Méthode de détection optique selon I'une quelcon-
que des revendications 1 a5, dans laquelle, pendant
I'acquisition des mesures d’atténuation locale dis-
tinctes, la partie de corps (5) est immergée dans un
milieu optiquement correspondant.
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7.

10.

Dispositif de détection optique de [I'état

d’articulations ; le dispositif comprenant :

une unité de mesure (2) pour irradier une partie
de corps (5) comprenant au moins une articula-
tion (6) a l'aide d’une lumiére et détecter loca-
lement et de maniére sensiblement simultanée
une atténuation de la lumiére au niveau de la au
moins une articulation (6) et d’au moins une
autre partie de la partie de corps (5) ;

une unité de blocage d’écoulement sanguin (3)
pour bloquer I'écoulement sanguin vers et/ou
depuis la partie de corps (5) ;

et une unité de commande (1) commandant le
dispositif de telle sorte que :

I'écoulement sanguin vers et/ou depuis la
partie de corps (5) est temporairement au
moins partiellement bloqué et aprés ceci
autorisé a nouveau ; et des mesures d’at-
ténuation locale distinctes pour la au moins
une articulation (6) et pour la au moins une
autre partie de la partie de corps (5) sont
effectuées de maniéere sensiblement simul-
tanée pour au moins deux instants parmi
avant (I), pendant (ll), et aprés (lll) le blo-
cage de I'écoulement sanguin, et les résul-
tats des mesures d’atténuation locale dis-
tinctes pour la au moins une articulation (6)
et la au moins une autre partie de la partie
de corps (5) sont comparés I'un a l'autre.

Dispositif de détection optique de I'état d’articula-
tions selon la revendication 7, dans lequel 'unité de
blocage d’écoulement sanguin (3) est adaptée pour
bloquer I'écoulement sanguin par application d'une
pression.

Dispositif de détection optique de I'état d’articula-
tions selon 'une quelconque des revendications 7
et 8, dans lequel l'unité de mesure (2) comprend une
unité de source lumineuse (21) capable d’émettre
une lumiere ayant au moins deux longueurs d’'onde
distinctes.

Dispositif de détection optique de I'état d’articula-
tions selon la revendication 9, dans lequel 'unité de
source lumineuse (21) comprend au moins deux la-
sers.
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