10

15

20

25

30

POSITIONING DEVICE FOR POSITIONING A LIGHT-CONDUCTING FIBRE IN A
CALIBRATION PORT

The invention relates to a positioning apparatus for positioning a light-guiding fiber in a
calibration port according to the preamble of claim 1 and a system with a positioning apparatus
as claimed in claim 17 and a method for the use thereof as claimed in claim 18.

Multifaceted variants of the use of laser radiation in medical technology are known. In addition
to the better-known applications, such as, e.g., surgery or ophthalmology, the coherent
monochromatic radiation of a laser source is increasingly also used in conjunction with
corresponding medicaments that are activatable by electromagnetic radiation. A prominent

example in this respect is photodynamic therapy (PDT).

A patient is administered a medicament within the scope of PDT, said medicament
predominantly accumulating on tumor cells or bacteria. The medicament is activated by the
absorption of electromagnetic radiation at a certain wavelength, said activation leading to the
medicament developing a medicinal effect on the cells on which it has accumulated. By way of
example, this allows tumors to be fought or regions of the human body afflicted by certain
bacteria to be made visible.

In order to apply electromagnetic radiation or laser radiation to corresponding regions of the
human body, the prior art has disclosed the practice of coupling corresponding laser radiation
into a light-guiding fiber and output coupling said laser radiation from the light-guiding fiber at
the location of the treatment in such a way that the region to be treated is impinged by the radiant
flux guided through the fiber to the treatment region. Here, it is necessary to always ensure that
the treated regions are impinged at a certain radiance of the laser radiation because an effective
treatment is otherwise not possible. By way of example, if the introduced radiance is too low, the

medicament is not activated, while a radiance that is too high risks injury of the irradiated tissue.

To this end, the prior art has disclosed a check prior to the start of a treatment, the radiant flux
output coupled from a light-guiding fiber at a given input power coupled into the fiber being
checked within the scope thereof. By way of example, to this end, the light-guiding fiber can be
introduced into an integrating sphere such that the radiant flux radiated by the fiber overall can

be detected. Since the fiber should subsequently be used for a medical treatment, and possibly an
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invasive treatment, it is necessary here to ensure that the medically required sterility of thelight-
guiding fiber is maintained, even during such a calibration process. To this end, the prior art has
disclosed the practice of surrounding the light-guiding fiber with a sterile glass sleeve, which
acts as a barrier between the sterile fiber and the non-sterile measuring device for ascertaining
the power output coupled from the fiber and which positions the sterile fiber in a measuring

device.

The methods known from the prior art for calibrating a laser source always have the problem that
it is only the total radiant flux output coupled from the fiber that is ascertained, and not the
radiance relevant to a treatment. Here, in the case of a certain radiant flux output coupled from a
fiber overall, the radiance output coupled from the fiber may differ in different fiber types.
However, this circumstance is not reproduced by the methods known from the prior art, in which
only the total radiant flux output coupled from a fiber is detected. Consequently, the risk of an
incorrect treatment for a patient on account of a wrong radiance continues to exist even after a

correct calibration of a fiber to a desired output coupled radiant flux.

By contrast, the present invention is based on the object of providing an improved positioning
apparatus for positioning a light-guiding fiber in a calibration port, said positioning apparatus
allowing a dedicated ascertainment of the radiance emitted by a fiber.

This object is achieved by the positioning apparatus as claimed in the characterizing part of
claim 1 and by the system as claimed in claim 17 and the method as claimed in claim 18.
Advantageous configurations of the respectively claimed subject matter are specified in claims 2
to 16.

In a first aspect, the invention relates to a positioning apparatus for positioning a light-guiding
fiber in a calibration port of a medical apparatus comprising at least one light source for the
light-guiding fiber. The positioning apparatus comprises an elongate body with two end faces
and at least one side face, wherein a channel for receiving the light-guiding fiber is formed in the
body, said channel extending along a longitudinal axis of the body proceeding from a first end
face. Here, according to the invention, provision is made for the body, at least in one portion, to
consist of an opaque material in the region of the channel and/or to be coated with an opaque
material and for said body to have at least one cutout, which extends from a side face and/or the

second end face of the body to the channel such that radiation emitted by the light-guiding fiber
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can only emerge from the positioning apparatus in unimpeded fashion through the at least one

cutout.

Here, an “opaque” material should be understood to mean a material that is not transparent to the
radiation guided in the light-guiding fiber but rather has a defined absorption or scattering of the
radiation output coupled from the light-guiding fiber. Thus, the opaque material brings about a
significant attenuation of radiation passing through the material but need not necessarily
completely absorb the latter. Here, denoting the material as “opaque” should be understood to

mean “not transparent to the radiation output coupled from the fiber”.

Here, the configuration of the positioning apparatus according to the invention is advantageous
in that, as a result of arranging the at least one cutout in the positioning apparatus, the properties
of the positioning apparatus can be adapted to the emission characteristic of a light-guiding fiber
guided in the positioning apparatus. This allows the radiance emitted by the light-guiding fiber to
be ascertained from the emission characteristic of the light-guiding fiber using an appropriate
configuration of the calibration port. By way of example, this is possible should the area of the
light-guiding fiber exposed by the cutout be known. If the radiant flux emerging from the
positioning apparatus is then measured, this allows the radiance emerging from the light-guiding
fiber to be deduced. In this way, an incorrect treatment of a patient on account of a wrong choice
of a fiber for a given radiant flux coupled into the fiber, and the wrong intensity output coupled
from the fiber connected therewith, can be avoided when the positioning apparatus according to

the invention is used with an appropriate calibration process.

Here, the light source of the medical apparatus is preferably a laser source, such as for example
one or more laser diodes. Here, the laser diodes can be connected to the light-guiding fiber by
way of an appropriate optical unit such that the radiant flux or laser radiation output coupled by
the laser diode is coupled into the light-guiding fiber. By way of example, an optical fiber with a
thickness of 400-600 um can be used as a light-guiding fiber. Here, typical radiant fluxes used in
the field of PDT lie in the range of 1.5-5 watt.

When choosing the opacity of the material of the positioning apparatus that determines the
emission characteristic of the positioning apparatus, care should preferably be taken that the laser
radiation output coupled from the light-guiding fiber is absorbed in the positioning apparatus
over a defined penetration depth. Otherwise, there would be a risk of damage to the positioning
apparatus on account of the radiant flux output coupled from the light-guiding fiber.
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In the case of a light-guiding fiber for a medical application, there are substantially two options
in respect of the direction in which electromagnetic radiation guided by the light-guiding fiber
can be output coupled from the fiber. The guided radiant flux is either output coupled in the axial

direction of the fiber or in the radial direction of the fiber.

For the case mentioned second, in which a light-guiding fiber output couples electromagnetic
radiation in the radial direction of the fiber, provision is made according to one embodiment for
the body of the positioning apparatus to have at least one elongate, lateral cutout, wherein the
lateral cutout extends over the length of a part of the channel in the longitudinal direction of the
body and extends from the side face of the body to the channel in the radial direction.

Such a positioning apparatus is advantageous in that the emission characteristic of a radially
emitting fiber can be ascertained with the aid of the positioning apparatus. Here, with knowledge
of the area of the light-guiding fiber exposed by the cutout, the radiance output coupled from the
light-guiding fiber can be deduced from the radiant flux emerging from the positioning

apparatus.

Here, in a preferred embodiment, at least two elongate, lateral cutouts are provided at the body,
said lateral cutouts preferably being disposed level in the longitudinal direction of the positioning
apparatus. The use of two cutouts facilitates a better ascertainment of the radiance output

coupled from the light-guiding fiber.

In order to avoid the radiation emerging from the cutouts superposing and consequently
falsifying an ascertainment of the emerging radiant flux when use is made of two lateral cutouts,
provision is made in a preferred embodiment for the body to have at least two elongate, lateral
cutouts, said lateral cutouts being respectively disposed pair-by-pair on opposite sides of the
channel. In this way, there is a minimum superposition of the radiant flux emerging from the

cutouts.

According to a further embodiment, provision is made for the cross section of the lateral cutout
to increase from the channel to the side face of the body. Effectively, this yields a funnel-shaped
configuration of the lateral cutout. This funnel-shaped configuration is advantageous in that the
generally divergent radiation, which is output coupled from the light-guiding fiber, is not
impeded during the propagation thereof by the positioning apparatus or by the opaque material
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of the positioning apparatus in the region of the channel. Consequently, a funnel-shaped
configuration of the cutout improves the accuracy of an ascertainment of the radiance output
coupled from the light-guiding fiber. If, in the process, a radially emitting light-guiding fiber is
not correctly disposed in the positioning apparatus such that the radially emitting region is not
disposed below a lateral cutout in full, this becomes noticeable by way of a reduced radiant flux
emerging from the positioning apparatus. Consequently, the correct position and orientation of
the fiber in the positioning apparatus can easily be identified on the basis of the radiant flux

emerging from the positioning apparatus.

In order to ensure that the light-guiding fiber is correctly inserted into the positioning apparatus,
provision is made according to a further embodiment for the channel not to penetrate the second
end face of the body. Consequently, at its longitudinal end, the channel forms a stop for the light-
guiding fiber such that the latter can be correctly positioned more easily. Here, what can be
ensured by the choice of the position of the stop relative to the lateral cutout or cutouts is that the
light-guiding fiber or the radially emitting region of the fiber is disposed exactly below the
lateral cutout of the body of the positioning apparatus. This can avoid part of the fiber
inadvertently being covered by the body of the positioning apparatus in the longitudinal direction
of the fiber.

Here, the channel preferably extends beyond the length of the cutout in the longitudinal direction
of the body. As a result, the fiber is guided again in the longitudinal direction of the positioning
apparatus downstream of the cutout in the body of the positioning apparatus, and so said fiber
does not jump out of the channel in the region of the cutout during the insertion into the channel
of the positioning apparatus. Here, according to a further embodiment, the light-guiding fiber can
also be prevented from jumping out of the channel in the region of the lateral cutouts by virtue of
the diameter of the cutout in the circumferential direction of the channel being chosen to be
smaller than the diameter of the fiber.

In order to facilitate the use of the positioning apparatus with a frontally emitting light-guiding
fiber, provision is made according to an alternative embodiment for the body of the positioning
apparatus to have a frontal cutout on the second end face of the body, wherein the minimum
diameter of the frontal cutout is smaller than the diameter of the light-guiding fiber. This ensures
that the radiant flux output coupled from the fiber in the frontal direction can emerge from the
positioning apparatus while, at the same time, it is ensured that a light-guiding fiber inserted into
the positioning apparatus does not slip out of the channel in the longitudinal direction of the
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positioning apparatus via the second end face. Here, the minimum diameter of the frontal cutout
is preferably chosen in such a way that the fiber in the positioning apparatus is only supported at
the cladding of the fiber, while the radiation-guiding core of the fiber is completely exposed by
the cutout in the longitudinal direction. Here, the form of the cutout can be adapted to the cross-
sectional form of the light-guiding fiber. Usually, such light-guiding fibers have a round cross-

sectional form.

In order also to facilitate the use of the positioning apparatus with a frontally emitting light-
guiding fiber without cladding in its end region, provision can be made here for a sleeve to be
placed onto the end of the fiber before the cladding-free fiber is inserted into the positioning
apparatus. When the fiber is then inserted into the positioning apparatus, the sleeve can be
supported at the stop formed by the positioning apparatus while the sleeve can be supported, yet

again, at corresponding stop elements of the fiber.

In order to ensure an unimpeded propagation of the laser power output coupled frontally from
the light-guiding fiber through the frontal aperture, provision is made according to a preferred
embodiment for the diameter of the frontal cutout to increase in the direction of the second end
face of the body. Thus, a funnel-shaped configuration of the cutout also arises in this case. Here,
in the case of the frontally emitting light-guiding fiber, the funnel-shaped configuration of the
cutout further is advantageous in that, in the case of a fiber not being introduced in full into the
positioning apparatus, the radiant flux emerging from the cutout is significantly reduced in
relation to the case where the fiber has been introduced in full. Consequently, a measurement of
the radiant flux emerging from the positioning apparatus allows ascertainment as to whether a

fiber was inserted correctly, i.e., in full, into the positioning apparatus.

In order to simplify the production and handling of the positioning apparatus according to the
invention, provision is made according to one embodiment for the surface of the body to be
rotationally symmetric about the longitudinal axis of the body, wherein the at least one side face
of the body is a lateral face of the solid of revolution. In this case, the positioning apparatus may
be produced as a body of revolution for example and generally is more easily usable in a
correspondingly shaped calibration port on account of the round form.

Here, the solid of revolution of the positioning apparatus according to a further embodiment has
at least two portions in the longitudinal direction, wherein a first portion, which extends from the

first end face, has a greater radius than the remaining portions. In this way, the first portion
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serves as a stop that limits the insertion of the positioning apparatus into a calibration port of a
medical apparatus. This simplifies clean and exact positioning of the positioning apparatus in the
calibration port.

According to a further embodiment, the correct positioning of the positioning apparatus in a
calibration port is also simplified by virtue of the positioning apparatus comprising at least one
alignment element, the latter being embodied to set the alignment of the positioning apparatus in
the calibration port. This is advantageous, particularly in the case of a rotationally symmetric
body of the positioning apparatus. By way of example, the alignment element can be a
longitudinal tongue that engages in a corresponding groove of a calibration port upon insertion
of the positioning apparatus in the calibration port such that a rotation of the body of the
positioning apparatus in the calibration port is prevented. Particularly when using a positioning
apparatus with lateral cutouts, this always guarantees that the lateral cutouts are correctly aligned

with respect to corresponding detection elements of the calibration port.

In addition to the above-described variant in which the alignment element is embodied as a
longitudinal tongue, the alignment element is alternatively provided to be disposed on the second
end face according to one embodiment. In this way, the side faces or the lateral faces of the body
of the positioning apparatus can continue to remain rotationally symmetric such that the handling

of the positioning apparatus continues to be simplified.

In order to ensure that the sterility of a light-guiding fiber is maintained during use with the
positioning apparatus according to the invention, provision is made according to a further
embodiment for the body of the positioning apparatus, at least in one portion, to consist of a
sterilizable material and/or to be coated with a sterilizable material. Here, the channel of the
positioning apparatus and the regions of the body of the positioning apparatus adjoining said
channel, in particular, are preferably sterilizable. In one configuration of this embodiment, even
the entire body of the positioning apparatus may consist of a sterilizable material. Preferably, the
sterilizable material is a plastic, in particular polyoxymethylene (POM). Here, this is a cheap

sterilizable material, which is easy to process and has the above-described opacity.

In order to simplify the insertion of the light-guiding fiber into the channel of the positioning
apparatus, provision is made according to one embodiment for the first end side to have a cutout
that tapers in the longitudinal direction of the body and that is centered around the channel, said
cutout being embodied to guide the fiber in the direction of the channel. Effectively, this yields a
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funnel-shaped configuration, and so inserting the light-guiding fiber into the channel is made
easier for a user. This is advantageous, in particular, against the background that a fiber facet of a
light-guiding fiber should not be brought into contact with other elements of the positioning
apparatus where possible, since this would risk damage to the facet, said damage impairing the

emission characteristic of the fiber.

In order to ensure simple and cheap production of the positioning apparatus, provision is made
according to a further embodiment for the positioning apparatus to be an injection-molded part.

Here, in particular, the use of an injection-moldable sterilizable plastic is advantageous.

In a further aspect, the invention relates to a system comprising at least one medical apparatus
comprising at least one light source, at least one light-guiding fiber and at least one positioning
apparatus as claimed in any one of the preceding claims, wherein the light-guiding fiber is
connectable to the light source of the medical apparatus in such a way that at least a portion of
laser radiation with a defined radiant flux generated by the light source is coupled into the light-
guiding fiber. Further, the medical apparatus comprises a calibration port, wherein the calibration
port comprises sensor means that are embodied to ascertain the radiant flux of the laser radiation
emerging from the light-guiding fiber, wherein the positioning apparatus can be inserted into the
at least one calibration port in such a way that, by way of the subsequent insertion of the at least
one light-guiding fiber into the positioning apparatus, the light-guiding fiber is positioned
relative to the sensor means in such a way that the radiant flux of the laser radiation emerging
from the light-guiding fiber can be ascertained by the sensor means. Here, the calibration port
can both be embodied in the medical apparatus and be connected to said medical apparatus as an

external appliance.

In a further aspect, the invention relates to a method for calibrating the light source of a system
as described above, including the following steps.

Initially, the light-guiding fiber is connected to the light source. Subsequently, the positioning
apparatus is inserted into the calibration port and the fiber is inserted into the positioning
apparatus and laser radiation with a defined radiant flux is coupled into the light-guiding fiber by
way of the light source. The radiant flux of the laser radiation emerging from the light-guiding
fiber within the calibration port is then ascertained by means of the sensor means of the
calibration port. The ascertained radiant flux emerging from the light-guiding fiber is compared
with the radiant flux coupled into the light-guiding fiber, and the radiant flux coupled into the
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light-guiding fiber is subsequently adapted such that the radiant flux emerging from the light-

guiding fiber lies within a defined value range.

Further features, details and advantages of the invention emerge from the phrasing of the claims
and from the following description of exemplary embodiments on the basis of the drawings. In
detail:

figure 1 shows various views of a positioning apparatus for frontally emitting light-guiding
fibers,

figure 2 shows various views of a positioning apparatus for radially emitting light-guiding
fibers,

figure 3 shows a schematic illustration of a system comprising a medical apparatus and a

positioning apparatus, and

figure 4 shows a flowchart of the method according to the invention.

Below, features that are similar or identical to one another are denoted by the same reference

sign.

Figure 1 shows a schematic illustration of a positioning apparatus 100 for frontally emitting
light-guiding fibers. Here, figure 1a) shows a lateral view, figure 1b) shows a frontal view and
figure 1c) shows an isometric view of a positioning apparatus 100. Here, the positioning
apparatus 100 has a substantially rotationally symmetric body 102, in which a channel 104 for a
light-guiding fiber (not illustrated) is formed. Here, the body 102 has a substantially rotationally
symmetric embodiment and has two regions 106 and 108, the diameters of which differ. Here, a
first region 106 extends from a first end face 110 of the body 102 over approximately one quarter
of the overall length of the positioning apparatus 100, while the second region extends from a
second end face 112 over the remaining length of the positioning apparatus 100. Here, the edges
of the body 102 in the first region 106 and in the second region 108 are beveled by a chamfer in

each case such that there are no sharp edges on the positioning apparatus 100.

In the rotationally symmetric configuration of the positioning apparatus 100 as illustrated in
figure 1, the channel 104 is situated exactly on the axis of rotation of the body 102. Here, the
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diameter of the channel 104 is adapted in such a way that it is suitable for receiving a light-
guiding fiber such that the light-guiding fiber is guided through the channel 104 in the radial
direction.

Here, the profile of the channel 104 in the region of the first end face 110 is developed in such a
way that, proceeding from a diameter with which a light-guiding fiber inserted into the channel
104 is guided, the diameter of the channel 104 continually increases in the direction of the first
end face 110. Effectively, this yields a funnel-shaped configuration of the channel 104 on the
side of the first end face 110, said funnel-shaped configuration easing the introduction of a light-

guiding fiber into the channel 104.

An alignment element 114 is disposed on the second end face 112. In the illustrated embodiment,
the alignment element 114 is an extrusion protruding from the second end face 112, said
extrusion having rounded corners. Here, the channel 104 passes through the alignment element
114, as a result of which a frontal cutout 113 is formed in the positioning apparatus, light that has
been output coupled frontally from a light-guiding fiber introduced into the channel 104 being

able to emerge from the positioning apparatus through said cutout.

In the longitudinal direction, the channel 104 extends as far as into the alignment element 114,
with the diameter of the channel 104 being reduced, e.g., halved, approximately half way in the
depth of the alignment element 114. This yields an aperture 115 of the channel 104, which, in
terms of its diameter, is preferably adapted to the diameter of the core of a light-guiding fiber
inserted into the positioning apparatus 100. Proceeding from this reduced diameter, the channel
104 subsequently widens in the longitudinal direction along the alignment element 114, such that

the channel 104 has a funnel shape in the region of the frontal cutout 113.

As can easily be identified in figure 1a), the transition from the normal diameter d of the channel
to the reduced diameter in the region of the alignment element 114 is not sudden; instead, it
rather extends over a short transition region in the longitudinal direction of the channel 104. In
this way, the cladding of a light-guiding fiber inserted into the positioning apparatus 100 abuts
against the material of the alignment element 114 in this transition region while the remaining
parts of the light-guiding fiber and, in particular, the light-guiding core of the fiber do not come
into contact with the alignment element 114 or, in general, with the body 102 of the positioning

apparatus 100. This can avoid damage to the fiber facet of the light-guiding fiber.
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Here, the funnel-shaped aperture of the channel 104 in the region of the alignment element 114
ensures that the light output coupled from a light-guiding fiber can emerge in largely unimpeded
fashion from the body 102 of the positioning apparatus 100 in the case of a light-guiding fiber
that has been inserted into the channel 104 in full. By contrast, if a light-guiding fiber is not
introduced into the channel 104 in full, and so the end of the fiber is spaced apart from the
tapered region of the channel 104, the body 102 of the positioning apparatus 100 impedes the
propagation of the radiation emerging from the light-guiding fiber, and so the radiant flux
detected by a calibration port, into which the positioning apparatus 100 has been inserted, drops
greatly in relation to the case where the light-guiding fiber has been introduced in full into the
channel 104. This allows an incorrect positioning of the light-guiding fiber in the positioning
apparatus 100 to be easily identified.

Figure 2 shows various views of a positioning apparatus 100, which is embodied to receive a
light-guiding fiber that output couples the light guided in the light-guiding fiber in the radial
direction. Here, the positioning apparatus 100 is shown in a side view in figure 2a), in a plan

view in figure 2b), in a frontal view in figure 2c) and in an isometric view in figure 2d).

In a manner analogous to the positioning apparatus 100 illustrated in figure 1, the positioning
apparatus 100 of figure 2 also has a substantially rotationally symmetric body 102, which can be
subdivided into a first region 106 and a second region 108 that differ in terms of diameter. In a
manner likewise analogous to the positioning apparatus 100 of figure 1, a channel 104 for
receiving a light-guiding fiber is also formed in the positioning apparatus 100 of figure 2 along
the axis of rotation of the body 102. Here, the channel 104 in the first region 106 is embodied in
such a way that the diameter of the channel 104 increases in the direction of a first end face 110
of the body 102. Here, too, the arising funnel shape simplifies the introduction of a light-guiding
fiber into the channel 104. In a manner likewise analogous to figure 1, an alignment element 114,
which is formed as an extrusion on a second end face 112, is formed on the second end face 112
of the body 102.

In contrast to the positioning apparatus 100 illustrated in figure 1, the channel 104 of the
positioning apparatus 100 illustrated in figure 2 has no frontal cutout in the longitudinal direction
of the positioning apparatus 100. Instead, lateral cutouts 118 are provided in the lateral face 116
of the second region 108, said lateral cutouts extending from the lateral face 116 to the channel
104 such that a light-guiding fiber disposed in the channel 104 is exposed at its sides. Here,
proceeding from the channel 104, the cross section of the lateral cutouts 118 increases in the
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direction of the lateral face 116 such that a funnel-shaped configuration of the lateral cutouts 118
arises. In this way, laser radiation emitted laterally by a light-guiding fiber introduced into the
channel 104 is not impeded in terms of its propagation by the positioning apparatus 100, and so
the emission characteristic of a light-guiding fiber disposed in the positioning apparatus 100 can

be established well.

Here, the channel 104 extends beyond the lateral cutouts 118 in the longitudinal direction of the
body 102 such that a light-guiding fiber introduced into the channel 104 is still guided even
behind the lateral cutout 118. This can prevent a light-guiding fiber introduced into the channel
104 from jumping laterally out of the cutouts 118 when introducing it into the channel. Here, a
light-guiding fiber jumping out of the lateral cutouts 118 can also be avoided by virtue of the
diameter of the lateral cutouts 118 in the circumferential direction of the channel 104 in each

case being smaller than the diameter of the light-guiding fiber introduced into the channel 104.

In order to ensure that radiation emerging from a light-guiding fiber introduced into the channel
104 only emerges from the positioning apparatus 100 via the respective cutouts, the body 102 of
the positioning apparatus 100 of figures 1 and 2 is produced from an opaque material, such as for
example a plastic, in particular polyoxymethylene (POM). Here, an opaque material should be
understood to be a material that is not transparent to the light emerging from the fiber such that
at least a portion of the light is absorbed or scattered by the material of the body 102 of the
positioning apparatus 100. This sets the emission characteristic of the radiation emerging from
the positioning apparatus by way of the position and orientation and form of the cutouts 113,
118.

Figure 3 shows a schematic illustration of a system 200 comprising a medical apparatus 202,
which comprises at least one light source 204 for generating laser radiation having a certain
radiant flux and wavelength. By way of example, the light source can be one or more laser
diodes. The system 200 further comprises a light-guiding fiber 206 and a calibration port 208,
wherein the calibration port 208 is disposed in the medical apparatus 202 in the embodiment
illustrated in figure 3. However, it would also be possible, by all means, for the calibration port
208 to be embodied as a separate apparatus, which is connected to the medical apparatus 202 by
way of at least one data link. Here, the light source 204 of the medical apparatus 202 can be
connected via an appropriate optical unit 210 to the light-guiding fiber 206 in such a way that at
least a portion of the laser radiation generated by the light source 204 is coupled into the light-
guiding fiber 206.

12
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The medical apparatus 202 further comprises an operating element 212, which may be embodied
as a touch-sensitive display, for example. By way of this display, it is possible, for example, to
set desired output powers, irradiation times and wavelengths of the light source 204 to be
emitted. As an alternative to a dedicated selection of output powers, wavelengths and irradiation
times, provision can also be made for a user merely to select by way of the operating element
212 a predefined treatment scenario with a reduced selection of further parameters. Then, the
medical apparatus 202 is embodied to independently ascertain the corresponding operating

parameters of the light source 204 that are necessary for a treatment.

The use of the system 200 is described below with reference to figure 4, which illustrates a
flowchart of a method according to the invention for use in a positioning apparatus when

calibrating a medical system.

In a first method step 300, the light-guiding fiber 206 is initially connected to the optical unit 210
or indirectly connected to the light source 204. By way of example, the optical unit 210 may
have an FSMA or FC/PC plug, on which a corresponding mating piece of the light-guiding fiber
206 is screwed, as a result of which it is possible to establish an optical link between light source
204 and light-guiding fiber 206. Subsequently, a positioning apparatus 100, as described above,
can be inserted into the calibration port 208 of the medical apparatus 202 in method step 302.
Here, the alignment element 114 of the positioning apparatus ensures that the positioning
apparatus 100 is correctly aligned in the calibration port 208. Further, at least one microswitch
can also be provided in a calibration port 208 for the purposes of detecting the correct alignment
and position of the positioning apparatus 100 in the calibration port 208, said microswitch only
being actuated in the case of the correct positioning and alignment of the positioning apparatus
100 in the calibration port 208.

Here, an appropriate positioning apparatus 100 must be selected depending on the employed
fiber 206, the cutouts of said positioning apparatus being adapted to the emission characteristic
of the employed fiber. By way of example, if this relates to a frontally emitting fiber, a
positioning apparatus 100 as illustrated in figure 1 is necessary, while a positioning apparatus
100 according to figure 2 must be used in the case of a light-guiding fiber 206 that emits in the
radial direction. Here, the length of the lateral cutout 118 of the positioning apparatus 100 is
preferably embodied in such a way that the same positioning apparatus 100 is suitable for
different lengths of a radially emitting region of the employed light-guiding fiber 206.

13
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Once the positioning apparatus 100 has been correctly disposed in the calibration port 208, the
light-guiding fiber 206 is introduced up to the stop in the positioning apparatus 100 or in the
channel 104 of the positioning apparatus 100 in step 304. Subsequently, the light source 204 is
actuated in such a way in step 306, for example by the entry of corresponding commands by way
of the operating element 212, that laser radiation having a defined radiant flux and wavelength is
coupled into the light-guiding fiber 206. By means of appropriate sensors means of the
calibration port 208, which are not illustrated in figure 3, the power of the laser radiation
emerging from the light-guiding fiber 206 within the calibration port 208 is ascertained in step
308. The radiant flux thus ascertained is subsequently compared in method step 310 to the
radiant flux coupled into the light-guiding fiber and the radiant flux coupled into the light-
guiding fiber 206 is adapted in such a way in method step 312 that the radiant flux emerging
from the light-guiding fiber 206 lies within a defined value range. To this end, it is possible
either to increase the radiant flux output by the light source 204 or to modify the input coupling
of the light power emitted by the light source 204 into the light-guiding fiber 206. Here, the
defined value range can be defined, taking account of the emitting area of the light-guiding fiber,
in such a way that a defined radiance is emitted by the light-guiding fiber 206 in the case of a

certain ascertained radiant flux.

The invention is not restricted to the embodiments explained above but is able to be developed in

lots of ways.

By way of example, the form of the positioning apparatus 100 can deviate from the rotationally
symmetric form as illustrated in figures 1 and 2. It is by all means possible to embody the
positioning apparatus 100 with a rectangular body 102, which is adapted to the geometry of an
employed calibration port 208. Further, the illustrated system of figure 3 may comprise a
medical apparatus 202 that comprises a plurality of light sources 204, which are each coupled to
a light-guiding fiber 206. In this way, the flexibility of the treatment options provided by the
medical apparatus 202 is increased since a plurality of body regions of a patient to be treated can

be irradiated simultaneously.
All features and advantages emerging from the claims, the description and the drawing,

including structural details, spatial arrangements and method steps, can be essential to the

invention, both on their own and in various combinations.
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List of reference signs

100
102
104
106
108
110
112
113
114
115
116
118
200
202
204
206
208
210
212

Positioning apparatus
Body

Channel

First region
Second region
First end face
Second end face
Frontal cutout
Alignment element
Aperture

Lateral face
Lateral cutout
System

Medical apparatus
Light source
Light-guiding fiber
Calibration port
Optical unit
Operating element
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Patent claims

A positioning apparatus (100) for positioning a light-guiding fiber (206) in a calibration
port (208) of a medical apparatus (202) comprising at least one light source (204) for the
light-guiding fiber (206), wherein the positioning apparatus (100) comprises an elongate
body (102) with two end faces (110, 112) and at least one side face (116), wherein a
channel (104) for receiving the light-guiding fiber (206) is formed in the body (102),
said channel extending along a longitudinal axis of the body (102) proceeding from a
first end face (110), wherein the body (102), at least in one portion, consists of an
opaque material in the region of the channel (104) and/or is coated with an opaque ma-
terial and said body has at least one cutout (113, 118), which extends from a side face
(116) and/or a second end face (112) of the body (102) to the channel (104) such that ra-
diation emitted by the light-guiding fiber (206) can only emerge from the positioning
apparatus(100) in unimpeded fashion through the at least one cutout (113, 118), charac-
terized in that the body (102) has at least one elongate, lateral cutout (118), wherein the
lateral cutout (118) extends over the length of a part of the channel (104) in the longitu-
dinal direction of the body (102) and extends from the side face (116) of the body (102)
to the channel (104) in the radial direction, wherein the positioning apparatus (100)
comprises at least one alignment element (114), the latter being embodied to set the

alignment of the positioning apparatus (100) in the calibration port (208).

The positioning apparatus (100) as claimed in claim 1, characterized in that the body
(102) has at least two elongate, lateral cutouts (118), wherein the lateral cutouts (118) are
respectively disposed pair-by-pair on opposite sides of the channel (104).

The positioning apparatus (100) as claimed in claim 1 or 2, characterized in that the
cross section of the lateral cutout (118) increases from the channel (104) to the side face
(116) of the body (102).

The positioning apparatus (100) as claimed in any one of claims 1 to 3, characterized
in that the channel (104) does not penetrate the second end face (112) of the body
(102).

The positioning apparatus (100) as claimed in any one of claims 1 to 4, characterized

in that the channel (104) extends beyond the length of the lateral cutout (118) in the
16
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12.

13.

longitudinal direction of the body (102).

The positioning apparatus (100) as claimed in claim 1, characterized in that the body
(102) has a frontal cutout (113) on the second end face (112) of the body (102), wherein
the minimum diameter of the frontal cutout (113) is smaller than the diameter of the
light- guiding fiber (206).

The positioning apparatus (100) as claimed in claim 6, characterized in that the
diameter of the frontal cutout (113) increases in an outwardly projecting direction
from second end face (112) of the body (102).

The positioning apparatus (100) as claimed in any one of the preceding claims, char-
acterized in that the surface of the body (102) is rotationally symmetric about the lon-
gitudinal axis of the body (102), wherein the at least one side face of the body (102) is a
lateral face (116) of a solid of revolution.

The positioning apparatus (100) as claimed in claim 8, characterized in that the solid
of revolution has at least two portions (106, 108) in the longitudinal direction, wherein a
first portion (106), which extends from the first end face (110), has a greater radius than

the remaining portions (108).

The positioning apparatus (100) as claimed in claimed in any one of the preceding claims,
characterized in that the alignment element (114) is disposed on the second end face
(112).

The positioning apparatus (100) as claimed in any one of the preceding claims, charac-
terized in that the body (102), at least in one portion, consists of a sterilizable material

and/or is coated with a sterilizable material.

The positioning apparatus (100) as claimed in claim 11, characterized in that the ma-

terial is a plastic, in particular polyoxymethylene.

The positioning apparatus (100) as claimed in any one of the preceding claims, charac-
terized in that the first end side (110) has a cutout that tapers in the longitudinal direc-

tion of the body (102) and that is centered around the channel (104), said cutout being
17
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embodied to guide the fiber (206) in the direction of the channel (104).

The positioning apparatus (100) as claimed in any one of the preceding claims, character-

ized in that the positioning apparatus (100) is an injection-molded part.

A system comprising at least one medical apparatus (202) comprising at least one light
source (204), at least one light-guiding fiber (206) and at least one positioning apparatus
(100) as claimed in any one of the preceding claims, wherein the light-guiding fiber
(206) is connectable to the light source (204) of the medical apparatus (202) in such a
way that at least a portion of laser radiation with a defined radiant flux generated by the
light source (204) is coupled into the light-guiding fiber (206), wherein the medical ap-
paratus (202) comprises a calibration port (208), wherein the calibration port (208)
comprises sensor means that are embodied to ascertain the radiant flux of the laser radi-
ation emerging from the light-guiding fiber (206), wherein the positioning apparatus
(100) can be inserted into the at least one calibration port (208) in such a way that, by
way of the subsequent insertion of the at least one light-guiding fiber (206) into the po-
sitioning apparatus (100), the light-guiding fiber (206) is positioned relative to the sen-
sor means in such a way that the radiant flux of the laser radiation emerging from the

light-guiding fiber (206) can be ascertained by the sensor means.

A method for calibrating the light source (204) of a system as claimed in claim 15, in-
cluding the following steps:

e connecting the light-guiding fiber (206) to the light source (204),

inserting the positioning apparatus (100) into the calibration port (208),

inserting the light-guiding fiber (206) into the positioning apparatus (100),

coupling laser radiation with a defined radiant flux into the light-guiding fi-
ber (206) by way of the light source (204),

ascertaining the radiant flux of the laser radiation emerging from the light-

guiding fiber (206) within the calibration port (208) by means of the sensor

means of the calibration port (208),

e comparing the ascertained radiant flux emerging from the light-guiding fi-
ber (206) with the radiant flux coupled into the light-guiding fiber (206),
and

e adapting the radiant flux coupled into the light-guiding fiber (206) such that

18



the radiant flux emerging from the light-guiding fiber (206) lies within a de-

fined value range.
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