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(57) ABSTRACT

In order to provide a temperature sensor or a temperature
measuring apparatus having a temperature sensor, which
enables direct temperature measurement, in particular even
during treatment, in particular even with HF surgical devices,
it is proposed that the temperature sensor includes a sensor
element with a medium which can be excited to lumines-
cence, in particular fluorescence, and an optical waveguide
which is optically connected to the sensor element and is
intended to supply light to the medium at an excitation wave-
length and/or to pick up and conduct light at a luminescence
wavelength of the medium which can be excited to lumines-
cence.
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TEMPERATURE SENSOR, TEMPERATURE
MEASURING DEVICE AND MEDICAL
ENGINEERING SYSTEMS COMPRISING A
TEMPERATURE SENSOR OR A
TEMPERATURE MEASURING DEVICE

RELATED APPLICATIONS

[0001] This application is the U.S. National Phase of Inter-
national Application No. PCT/EP2012/068401, filed Sep. 19,
2012, which claims the benefit of priority of German Appli-
cation No. 10 2011 053 755.4, filed Sep. 19. 2011, the con-
tents of both applications being incorporated by reference
herein and for all purposes.

FIELD

[0002] The invention relates to temperature sensors for
medical engineering systems, temperature measuring devices
containing such temperature sensors as well as to those medi-
cal engineering systems which comprise said temperature
sensors or temperature measuring devices.

BACKGROUND

[0003] The measurement of temperature in medical treat-
ments and therapies, in particular also in surgery, is of impor-
tance in many ways, in particular for determining a progress
in the therapy or treatment, to control it and, as the case may
be, finish it.

[0004] With conventional temperature sensors, an uninflu-
enced measurement of temperature parallel to ongoing thera-
pies or treatment measures, in particular also surgical inter-
ventions, is not possible in many cases, as there is a multitude
of environmental factors which affect the measurement of
temperature and thus falsify the temperature value actually to
be determined.

[0005] To give an example, both electric disturbances in
surgical RF devices and the direct warming up of the sensors
when heated by a laser beam play an important role as dis-
turbing factors. In electrosurgical interventions, a control of
the process is accomplished at present by measuring the elec-
tric impedance of the treated tissue structure, correlating with
the water content of the tissue structure. During the supply of
RF current, however, the measurement of temperature cannot
be performed.

[0006] Also inthe case of applying lasers, a direct measure-
ment of temperature by means of thermocouples or ther-
mistors is not possible due to the inherent absorption of laser
energy by these elements.

[0007] The above-mentioned measurement of the imped-
ance is capable of reflecting the reaction of the tissue structure
to the thermal stimulus only as an indirect quantity. A sub-
stantial change in the impedance, however, only occurs if a
considerable amount of the tissue water is evaporated.
Indeed, the tissue structure itself is affected and altered
already at significantly lower temperatures. By way of
example, conformation modifications in the collagen are
already reached at temperatures of approximately 70° C.
Apart from the temperature, also the exposure time of the
temperature stimulus plays an important role. Such processes
as well as other chemical reactions are described by the
Arrhenius coefficient.

[0008] Further, the measurement of impedance is highly
dependent on the size of the area of the tissue structure rel-
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evant in the measuring process as well as on the distance and
contact pressure of the electrodes.

[0009] Furthermore, document WO 2009/005850 Al dis-
closes to use the measurement of the light transmission for
evaluating the state of the treated tissue. This measurement
process is prone to malfunctions with respect to soiling and in
many cases is not sufficiently meaningful regarding the state
reached by the observed tissue.

SUMMARY

[0010] Itis the object of the present invention to propose a
temperature sensor or a temperature measuring device which
allows for a direct measurement of temperature, in particular
also during the treatment. in particular also with surgical RF
devices.

[0011] This objectis achieved according to the invention by
a temperature sensor and a temperature measuring device
comprising such a sensor according to claims 1 and 7, respec-
tively.

[0012] The present invention exploits the effect that the
quantum yield, preferably the luminescence quantum yield,
in particular also the fluorescence quantum yield, depends on
temperature and hence is a measure for the temperature of a
sensor element which may be excited to show luminescence.
[0013] Thedetermination ofthe temperature ofa sample on
the basis of the temperature dependency of the fluorescence
quantum yield of fluorescent media is known per se from WO
03/012468 A1. This document proposes to apply a fluorescent
medium to the surface of electronic components whose tem-
perature is affected by modulated electric energy. The fluo-
rescence which is irradiated by the sample surface which has
been exposed to excitation light and modified in this way, is
received by an image capture device and evaluated in the state
of being coupled to the phase of the modulation frequency of
the electric energy.

[0014] Unlike this conventional method, the present inven-
tion acts—with regard to the luminescent medium and the
light capture element in the form of a light conductor—with
a closed system in the sense that the observation of the lumi-
nescence quantum yield is accomplished so as to be unaf-
fected by other environmental influences and hence can be
successfully employed in many medical engineering systems
for the first time.

[0015] For the purpose of precisely determining the tem-
perature of the observed sample, the present invention does
not need any expensive measuring equipment and allows in
particular for the measurement of temperature on sample
surfaces which are typically not accessible to an optical
observation.

[0016] As the temperature sensor according to the inven-
tion is optically coupled to a light conductor delivering the
light to the luminescent medium and discharging the lumi-
nescence of the medium, independently ofthe optical circum-
stances of the environment of the temperature sensor, any
soiling of the sensor element in an operation environment
does not affect the measuring result.

[0017] In the context of the determination of the lumines-
cence quantum yield, the temperature measuring process
used according to the invention is also insensitive to electric
disturbances which may occur for example during use of
surgical RF devices. Even a parallel use of laser light in the
course of a therapeutic treatment will not cause any distur-
bance, because the light frequencies for the laser treatment,
on the one hand, and the excitation wavelength as well as the
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luminescence wavelength of the sensor element, on the other
hand, can be selected in each case such that there is no impact
on the measurement of the luminescence quantum yield.
[0018] Further, the size of the sensor element comprising
the medium showing luminescence upon excitation can be
kept very small, so that the heat capacity of the sensor element
is negligible as such and current temperature changes of the
surrounding tissue structure can be monitored via the mea-
surement of the luminescence.

[0019] With the aid of the direct measurement of tempera-
ture which is possible according to the invention, the state of
the tissue can be characterized already during the application
of high-frequency current or laser light and a desired sealing
process of tissue structures can be checked. The calculation of
the state of the tissue can then be accomplished via the above-
mentioned Arrhenius coefficient.

[0020] The temperature sensors and temperature measur-
ing devices according to the invention can be used for high-
frequency applications as well as for laser applications or any
other forms of energy for heating tissue structures. Measuring
the temperature with the temperature sensors according to the
invention (or temperature measuring devices equipped with
such sensors) does further not depend on the size of the
treated tissue structure and the electrode spacing.

[0021] Preferred temperature sensors of the invention com-
prise a common light conductor for delivering light with the
excitation wavelength, on the one hand, and for receiving and
discharging light having the luminescence wavelength, on the
other hand. It is further preferred that the sensor element is
directly connected to the light conductor(s).

[0022] The sensor elements for the temperature sensors
according to the invention may comprise the medium show-
ing luminescence upon excitation in a sleeve which surrounds
the medium and may be designed in particular so as to be
rigid. The sleeve may be designed so as to be optically trans-
missible or opaque, for instance reflecting towards the inside.
[0023] Themedium showing luminescence upon excitation
may be a medium capable of flowing, in particular a gel.
[0024] Preferably preferred media showing luminescence
upon excitation are media in the form of solid bodies, in
particular crystals which are used in solid state lasers. These
include ruby, sapphire, doped yttrium aluminum garnet
(YAG) crystals, for instance ER: YAG, ND:YAG, YB: YAG as
well as alexandrite.

[0025] Particular advantages of these materials are their
high thermal conductivity, resistance to temperature and
mechanical strength.

[0026] On the other hand, solids in the form of plastic
materials such as PEEK functionalized with fluorescence
dyes may be used as media showing luminescence upon
excitation. The advantages of the functionalized plastic mate-
rials are their varied availability, simple processability as well
as the low cost of materials. In particular PEEK is distin-
guished by an extensive use in medical technology and the
good resistance to temperature.

[0027] Further, other temperature-resistant plastic materi-
als functionalized with fluorescence dyes are also suitable, for
instance epoxy resins.

[0028] In the case of plastic materials functionalized with
fluorescence dyes, the plastic material can be selected from a
high number of available materials which can moreover be
adapted to the respective application.

[0029] Ifthetemperature sensors according to the invention
are equipped with a rigid sleeve surrounding the fluorescent
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medium or designed as a solid body as described, the tem-
perature sensors themselves may serve as spacers with RF
applications, keeping the electrodes at a defined spacing in
order to prevent a short-circuit when the electrodes are sup-
plied with electric current.

[0030] Having such a dual use as a temperature sensor and
as a spacer, the measurement of temperature is simulta-
neously performed as close as possible to the spot of energy
input, i.e. in direct contact with the treated volume of the
tissue structure. The spacers and the sensor elements imme-
diately allow for the observation of the temperature change in
the vicinity.

[0031] Apart from the temperature sensors which have
already been described in detail, the temperature devices
according to the invention for medical engineering systems
additionally comprise a light source irradiating the excitation
wavelength, in particular a laser, as well as a luminescence
detector such as a photo cell.

[0032] Preferred temperature measuring devices comprise
several temperature sensors which are received and arranged
in the form of a two- or three-dimensional matrix in a mount
with predefined distances between one another. Owing to the
possible small dimensions of the sensor elements of the tem-
perature sensors according to the invention, they can be inte-
grated in many conventional components of surgical instru-
ments and medical engineering systems, with the option that
the components serve as a mount.

[0033] Finally, the invention relates to medical engineering
systems comprising one or more of the temperature sensors
according to the invention or a temperature measuring device
as described above.

[0034] Preferred medical engineering systems are imple-
mented as surgical systems, in particular as ultrasound, laser
or electrosurgical systems.

[0035] Preferred medical engineering systems of the
present invention are distinguished in that the surgical system
comprises a device for cutting, dissection, coagulation, seal-
ing and/or connection of tissue structures of a patient.
[0036] Due to employing the temperature sensors accord-
ing to the invention, it is possible here to detect the change in
the tissue structures much more precisely and at an earlier
point in time as is the case with the conventional measurement
of impedance, as the water content of the treated tissue struc-
ture does not have a direct impact on the measurement of
temperature.

[0037] As the temperature sensors according to the inven-
tion, with the appropriate selection of the sensor elements of
materials which are highly resistant to mechanical stress and
elevated temperatures, can be directly applied to the treated
tissue structure, a direct measurement of temperature is
achieved here, which is far superior to the measurement of
infrared radiation emanating from a treated tissue structure
and recommended in the prior art as an alternative. Reference
can be made in this respect to US 2007/0179484 Al, for
example.

[0038] In many cases, medical engineering systems
according to the invention for the treatment of tissue struc-
tures comprise an applicator tool having two applicator ele-
ments, in particular in the form of so-called applicator jaws
which can be moved relative to each other and transferred
from an open rest position to a closed working position. Here,
one of the temperature sensors according to the invention will
be arranged preferably in at least one of the applicator ele-
ments or at least one of the applicator jaws.
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[0039] Theapplicator elements, in particular if they are part
of a surgical RF device, comprise a spacer which keeps the
applicator elements in the working position a predefined dis-
tance apart from each other, the spacer comprising in particu-
lar a temperature sensor of the present invention. It is in
particular possible that the temperature sensor or its sensor
element itself is/are implemented as a spacer.

[0040] Preferred medical engineering systems of the
present invention comprise a protective mechanism which
blocks the activation of the temperature sensor(s) unless the
applicator elements are in a predefined application position,
in particular in the working position. This measure prevents
the temperature sensors of the medical engineering system
from irradiating light into the surroundings by accident. This
is of particular importance if a laser is used as the light source
for the excitation of luminescence.

[0041] Theabove-mentioned protective mechanism prefer-
ably comprises a switching element, in particular an optical,
electrical or mechanical contact maker monitoring the posi-
tion of the applicator elements.

[0042] The protective mechanism may further comprise a
separate temperature sensor for measuring the temperature of
atleast one of the applicator elements, so that this temperature
sensor makes it possible to check if the applicator elements
already have contact with a tissue structure which typically is
at body temperature.

[0043] As already mentioned, the medical engineering sys-
tems according to the invention are preferably equipped with
an RF generator, a temperature measuring device or sensor
according to the invention, a device for evaluating a tempera-
ture profile and/or a device for regulating or controlling a
system-related function depending on the temperature value
measured by the temperature sensor.

[0044] In further preferred medical engineering systems of
the present invention, the applicator elements are equipped
with a structured surface area which facilitates the gripping of
the tissue structure in an especially reliable manner. This
measure avoids in particular any inadvertent shifting move-
ment of the tissue to be treated relative to the applicator
elements during the therapeutic treatment.

[0045] Surfaces structured in the manner of a grid are par-
ticularly suitable as structured surfaces.

[0046] Further preferred medical engineering systems also
comprise a metering device for a primer material, with the
option that this primer material can be made available in
particular in the form of a material based on collagen or
gelatin.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

[0047] These and other advantages of the invention will be
explained in more detail with the aid of the drawings in which:

[0048] FIG. 1 shows a temperature sensor of the present
invention;
[0049] FIGS. 2A and 2B show the temperature sensor of

FIG. 1 in two different sensor arrangements;

[0050] FIG. 3 is a schematic illustration of the functional
principle of the temperature sensor according to the inven-
tion;

[0051] FIG. 4 shows the temperature independency of the
fluorescence quantum yield of a temperature sensor accord-
ing to the invention;

[0052] FIG. 5 shows a medical engineering system of the
present invention; and
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[0053] FIG. 6 shows a part of the medical engineering
system of FIG. 5 in an enlarged and detailed illustration.

DETAILED DESCRIPTION

[0054] FIG. 1 shows a temperature sensor of the present
invention which on the whole is provided with the reference
symbol 10 and comprises a sensor element 12 in the form of
a ball-shaped ruby crystal and a light conductor 14 attached
thereto which is optically connected to the sensor element 12.
In this embodiment of the temperature sensor 10 according to
the invention, only a single light conductor 14 is provided,
serving both for supplying light with the excitation wave-
length for the luminescence of the excitable medium 13 ofthe
sensor element 12 and forreceiving and discharging the lumi-
nescence which is emitted from the medium 13 and induced
by the excitation wavelength. The sensor element 12 may
comprise a sleeve 15 (shown in dashed lines in FIG. 1) which
surrounds the medium 13 and connects the sensor element to
the light conductor 14. Optionally, the light conductor 14 may
be surrounded by a cladding material 16 (shown in dashed
lines in FIG. 1) which for its part is connected to the sleeve 15
of the sensor element preferably in a substance-to-substance
bond.

[0055] FIG. 2A shows a temperature measuring device 20
in which three temperature sensors 22a, 226 and 22¢ are
supported in a mount 21 such that their sensor elements 24a,
24b and 24c are arranged in a triangular matrix.

[0056] The sample body 26 shown schematically offers the
opportunity to determine the temperature in a spatially
resolved manner.

[0057] FIG. 2B shows a temperature measuring device 30
whichalso comprises three temperature sensors 32a, 325, 32¢
kept spaced from each other such that their sensor elements
34a, 345 and 34c are linearly arranged at equal intervals.
[0058] At the same time, the sensor elements 34a, 345, 34¢
protrude from the surface of the mount 36 and in this way
define a distance to a body 38 which, in combination with the
mount 36, may constitute a pair of applicator elements for
instance for high-frequency current.

[0059] FIG. 3 schematically shows the functional principle
of the luminescent media of the sensor elements of the tem-
perature sensors according to the invention.

[0060] By means of absorption of the light having an exci-
tation wavelength Al, the medium showing luminescence
upon excitation changes from an energetic state E1 to an
energetically excited state E3, from which the medium goes
back to the excited state E2 thermally by relaxation. Under
the emission of light with the wavelength A2, the system
returns from the excited state E2 to the energetic state E1.
This shall be described in more detail below on the basis ofa
ruby crystal representing a medium showing luminescence
upon excitation.

[0061] In ruby crystals, chromium ions are responsible for
luminescence which is irradiated here in the form of fluores-
cence. The chromium ions possess optimum spectral absorp-
tion bands via which fluorescence light can be excited with
large quantum yield. One of the absorption bands in the green
spectral range allows for an excitation of the ruby crystal (as
the medium showing luminescence upon excitation) with an
excitation wavelength A1 of approximately 532 nm, whereas
the emission wavelength 22 in the red spectral range is
approximately 694 nm. The observed quantum yield depends
on temperature, i.e. the ratio of the number of emitted photons
to absorbed photons decreases with rising temperatures. This
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temperature dependency is sufficiently pronounced in the
temperature range between approximately 30 and approxi-
mately 150° C. which is of interest for medical science, in
order to provide sufficiently exact temperature values of
treated tissue structures.

[0062] The two wavelengths of the excitation light and the
fluorescence light are spaced from each other so far that their
light proportions canbe optically separated without any prob-
lems and the quantum yield of the fluorescence having the
wavelength A2 can be determined in an easy and accurate
manner.

[0063] FIG. 4 shows the fluorescence quantum yield of a
ruby crystal versus temperature in the range from 50 to 115°,
and the resultant curve may serve for the calibration of a
temperature sensor according to the invention comprising a
ruby crystal, which is used for sealing tissue structures.
[0064] It can be seen that there is an almost linear depen-
dency between the temperature, on the one hand, and the
fluorescence quantum yield (here plotted as the intensity or
the counts of a photo diode). The measured values were
obtained at a constant excitation light intensity with a ruby
crystal placed in a temperature-controlled furnace.

[0065] FIG. 5 shows a schematic illustration of a medical
engineering system 50 according to the invention.

[0066] The medical engineering system 50 comprises a
device (provided with the reference symbol 52) for sealing
and/or connecting tissue structures of a patient. In the sche-
matic illustration of FIG. 5, this device is illustrated so as to be
reduced to two applicator jaws 54, 55 which are pivotally
connected with each other. The generator required for sup-
plying electric current to the applicator jaws 54,55 as well as
the device for applying the applicator jaws 54, 55 to a tissue
structure are known to a person skilled in the art and are
omitted in FIG. 5 for simplicity.

[0067] A temperature sensor 56 according to the invention
is arranged in one of the applicator jaws 54, whose sensor
elements 58 are designed in such a manner and arranged in the
applicator jaws 54 such that it is able to also take over the
function ofa spacer preventing the two applicator jaws 54 and
55 from directly coming into an electrically conductive con-
tact, avoiding in this way a short-circuit between the two jaws
54 and 55.

[0068] Apart from the sensor element 58, the temperature
sensor 56 comprises a light conductor 60 attached thereto.
[0069] The medical engineering system 50 further com-
prises a light source in the form of a laser 62 whose laser beam
is coupled into the light conductor 60 via a mirror 64 and a
dichroic mirror 66. The laser 62 is a Nd:YAG laser whose
output light is doubled in frequency and thus has a wavelength
of approximately 532 nm.

[0070] The optical system used for coupling is schemati-
cally represented in FIG. 5 by a lens 68. Via the light conduc-
tor 60, the excitation light of the laser 62 is radiated into the
sensor element 58 and the medium showing luminescence
upon excitation arranged therein (in the present example
again a ruby crystal) and generates here the fluorescence with
awavelength of approximately 694 nm, as described above in
the connection with FIGS. 3 and 4, which is emitted by the
ruby crystal in isotropic fashion. The light conductor 60
detects in fact only a fraction of this emitted radiation, but
detects said fraction in a constant mannetr, so that the fluores-
cence light of the ruby crystal of the sensor element 58
received by the light conductor 60 is representative for the
total quantum yield. The fluorescence light is transmitted by
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the light conductor 60 through the optical system 68 and
penetrates the dichroic mirror 66 which has such a design that
it reflects the excitation wavelength of approximately 532 nm
whereas it permits the wavelength of 694 nm to pass. Having
passed the dichroic mirror 66, the red fluorescence light is
guided via a further optical system 70 to a detector 72 and its
photodiode 74, with the voltage signal U which is generated
here being evaluated as intensity.

[0071] The temperature sensor 56 in combination with the
sensor element 58 and the light conductor 60 as well as the
laser 62 as the light source and the detector 72 coustitute a
temperature measuring device of the present invention. In
preferred embodiments of the temperature measuring device
according to the invention, as illustrated in FIG. 5 as part of
the medical engineering system 50, the light conductor 60
serves both to transport the light with the excitation wave-
length to the sensor element 58 and to transport the lumines-
cence of the excited medium to the detector 72. The optical
systems 68 and 70 as well as the mirrors 64 and 66 provide for
optimized light paths within the temperature measuring
device.

[0072] Due to the fact that the sensor element 58 and the
ruby crystal which is used as the medium showing lumines-
cence upon excitation are arranged so as to protrude from the
surface of the applicator jaw 54, it is in direct contact with the
tissue situated between the applicator jaws 54, 55, so that any
temperature change of said tissue is directly transferred to the
sensor element 58. Due to the temperature dependency ofthe
quantum yield of the fluorescence of the ruby crystal (cf. FIG.
4), the temperature of the tissue which is held between the two
applicator jaws 54, 55 can be determined from the different
voltage signals of the detector 72.

[0073] FIG. 6 shows by way of example the two applicator
jaws 54, 55 in detail again, which are pivotally supported by
means of a hinge portion 80 so as to be electrically isolated
from each other.

[0074] Two temperature sensors 56, 56' are arranged with
their sensor elements 58, 58' in the applicator jaws 54, with
the sensor elements 58, 58' comprising their medium showing
luminescence upon excitation projecting from the surface of
the applicator jaw 54 and in this way forming a stop, i.e. a
spacer for the closing position of the applicator jaw 55. The
two applicator jaws 54, 55 are equipped with electrically
conductive electrodes 82, 83 which can be supplied with
electric current and preferably comprise, as is shown in FIG.
6, a structured surface, in particular a surface which is struc-
tured in the manner of a grid and prevents the tissue material
to be treated, which is held between the applicator jaws 54,
55, from slipping during the treatment.

1.-21. (canceled)

22. A medical engineering system comprising one or more
temperature sensor(s) each comprising a sensor element
including a medium showing luminescence upon excitation,
in particular fluorescence, and a light conductor which is
optically connected to the sensor element and is intended for
supplying the medium with light having an excitation wave-
length and/or for receiving and discharging light having a
luminescence wavelength of the medium showing lumines-
cence upon excitation, the medical engineering system being
implemented as a surgical system, in particular as an ultra-
sound, laser or electrosurgical system, wherein the surgical
system comprises a device for cutting, dissection, coagula-
tion, sealing and/or connecting tissue structures of a patient,
the device comprising an applicator tool with two applicator
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elements, in particular in the form of applicator jaws which
can be moved relative to each other and can be transferred
from an open resting position to a closed working position, a
temperature sensor being arranged preferably in at least one
of the applicator elements.

23. The medical engineering system according to claim 22,
wherein the applicator elements comprise a spacer which
keeps the applicator elements in the working position at a
predefined distance relative to each other, the spacer compris-
ing in particular a temperature sensor.

24. The medical engineering system according to claim 22,
wherein the system comprises a protective mechanism which
blocks the activation of the temperature sensor(s) unless the
applicator elements are in a predefined application position,
in particular in the working position.

25. The medical engineering system according to claim 24,
wherein the protective mechanism comprises a switching
element, in particular an optical, electrical or mechanical
contact maker monitoring the position of the applicator ele-
ments.

26. The medical engineering system according to claim 24,
wherein the protective mechanism comprises a separate tem-
perature sensor for determining the temperature of at least
one of the applicator elements.

27. The medical engineering system according to claim 22,
wherein the system comprises an RF generator, a temperature
measuring device, a device for evaluating a temperature pro-
file and/or a device for regulating or controlling a system-
related function depending on the temperature values mea-
sured by the temperature sensor.

28. The medical engineering system according to claim 22,
wherein the applicator elements comprise a structured sur-
face area which facilitates the gripping of a tissue structure.

29. The medical engineering system according to claim 27,
wherein the structured surface area comprises a grid-like
surface structure.
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30. The medical engineering system according to claim 22,
wherein the system comptises a metering device for a primer
material, in particular a primer material based on collagen or
gelatin.

31. The medical engineering system according to claim 22,
wherein the luminescence wavelength of the discharged light
signal ofthe temperature sensor is adapted to form the basis of
a quantum yield observation to which a specific temperature
is associated or can be associated in each case.

32. The medical engineering system according to claim 22,
wherein a common light conductor is provided for supplying,
receiving and discharging light having the excitation wave-
length and the luminescence wavelength, respectively.

33. The medical engineering system according to claim 22,
wherein the sensor element is directly connected to the light
conductor(s).

34. The medical engineering system according to claim 22,
wherein the sensor element comprises the medium showing
luminescence upon excitation in a sleeve which surrounds the
medium and is in particular designed so as to be rigid.

35. The medical engineering system according to claim 34,
wherein the medium showing luminescence upon excitation
is a medium capable of flowing.

36. The medical engineering system according to claim 22,
wherein the medium showing luminescence upon excitation
is a solid body, in particular a ruby, sapphire or a solid body
containing YAG materials or a functionalized plastic material.

37. The medical engineering system according to claim 22,
characterized by a light source irradiating the excitation
wavelength, in particular a laser, and aluminescence detector,
preferably in the form of a photo cell.

38. The medical engineering system according to claim 22,
wherein several temperature sensors in the form of a two- or
three-dimensional matrix are received in a mount with pre-
defined distances relative to one another.
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