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(57) Abrégé/Abstract:

In relation to the automatic detection of surgical instruments in respect of their type and their location, the invention provides a
detection system having at least two surgical instruments, which each have at least one cavity extending along a longitudinal axis of
the instrument and a proximal entry region to the cavity, wherein an angle of the proximal entry region in relation to the longitudinal
extent of the cavity is different in the at least two instruments, having a sensor unit with two electromagnetic sensors that is
insertable into the cavity, one sensor thereof being arranged extending axially in the cavity, the other sensor thereof being arranged
in the entry region, having a field generator for producing an electromagnetic field, and having an evaluation unit for evaluating
signals transmitted to the evaluation unit from the sensors according to their position in the field of the field generator. For the
automatic detection of surgical instruments with respect to the type and the location thereof, the invention provides a detection
system, which comprises at least two surgical instruments, which each comprise at least one cavity extending along a longitudinal
axis of the instrument and a proximal entry region to the cavity, wherein an angle of the proximal entry region in relation to the
longitudinal extension of the cavity is different in the at least two instruments, which comprises a sensor unit, which comprises two
electromagnetic sensors and is insertable into the cavity, and one sensor of which extends axially in the cavity, and the other sensor
of which is arranged in the entry region, which comprises a field generator for generating an electromagnetic field, and which
comprises an analysis unit for analyzing signals transmitted by the sensors to the analysis unit in accordance with the location
thereof in the field of the field generator.
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(57) Abstract: In relation to the automatic detection of surgical instruments in respect of their type and their location, the invention
provides a detection system having at least two surgical instruments, which each have at least one cavity extending along a longitudinal
axis of the instrument and a proximal entry region to the cavity, wherein an angle of the proximal entry region in relation to the
longitudinal extent of the cavity is different in the at least two instruments, having a sensor unit with two electromagnetic sensors that
is insertable into the cavity, one sensor thereof being arranged extending axially in the cavity, the other sensor thereof being arranged
in the entry region, having a field generator for producing an electromagnetic field, and having an evaluation unit for evaluating signals
transmitted to the evaluation unit from the sensors according to their position in the field of the field generator.

(57) Zusammenfassung: Zur automatischen Detektion von chirurgischen Instrumenten hinsichtlich ihrer Art und ihres Orts sieht die
Erfindung ein Detektionssystem vor, das mindestens zwei chirurgische Instrumente aufweist, die jeweils mindestens einen sich lidngs
einer Langsachse des Instruments erstreckenden Hohlraum und einen proximalen Eingangsbereich zu dem Hohlraum aufweisen, wobei
ein Winkel des proximalen Eingangsbereichs zur Langserstreckung des Hohlraums bei den mindestens zwei Instrumenten unterschied-
lich ist, das eine zwei elektromagnetische Sensoren aufweisenden in den Hohlraum einfithrbare Sensoreinheit aufweist, dessen einer
sich axial erstreckend im Hohlraum, dessen anderer im Eingangsbereich angeordnet ist, das einen Feldgenerator zur Erzeugung eines

[Fortsetzung auf der ndchsten Seite]
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~ Abstract

For the automatic detection of surgical instruments
with respect to the type and the location thereof, the
invention provides a detection system, which comprises
at least two surgical instruments, which each comprise
at least one cavity extending along a longitudinal axis
of the instrument and a proximal entry region to the
cavity, wherein an angle of the proximal entry region
in relation to the longitudinal extension of the cavity
is different in the at 1least two instruments, which
comprises a sSensor unit, which comprises two
electromagnetic sensors and 1s insertable 1into the
cavity, and one sensor of which extends axially in the
cavity, and the other sensor of which is arranged in
the entry region, which comprises a field generator for
generating an electromagnetic field, and which
comprises an analysis unit for analyzing signals
transmitted by the sensors to the analysis unit in
accordance with the location thereof in the field of

the field generator.
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Detection system and method for automatic detection of

surgical instruments

The invention relates to an automatic detection system
for automatic detection of surgical instruments, an
intraoperative navigation device comprising such a
system, a sensor unit for use 1in a detection system,
and a method for automatic detection of surgical

instruments.

Minimally invasive operations are already carried out
presently by means of navigation-assisted operating
methods. Different navigation systems are used for this
purpose. Active and passive systems are used. In active
systems, a part introduced into the body of a patient,
such as an instrument or surgical tool, is provided
with a transmitter, via which the position of the
instrument or tool, in particular the distal end
located at the engagement location, may be externally
determined.

In passive systems, in addition to optical systems for
positioning a surgical instrument, in particular its
distal end, electromagnetic systems are also known. In
electromagnetic navigation, an inhomogeneous
electromagnetic field is generated Dby a field
generator, which is detected via one or more sensors,
whereby the position and alignment of the instrument or
surgical tool, in particular its distal end, can in
turn be detected directly or indirectly. Direct
detection of the distal end of a surgical part includes
the arrangement of the sensor on the distal end of the
part itself; indirect detection includes the fixed
rigid attachment of the sensor in a defined point, in
particular axial position, on the surgical part.
Inferences about the position and possibly the
orientation of the distal end can be seen on the basis
of the measured sensor signal. In passive navigation,

in particular electromagnetic navigation has proven
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in particular electromagnetic navigation has proven
itself, in which an electromagnetic field is generated
externally around the operation region, for example, by
a generator of an electromagnetic field in a cushion on
which the patient lies. Coil-type sensors installed in
the surgical instrument enable the locating of the
instruments, whereupon a representation can be
performed in CT or MRT images. This method does not
include a radiation exposure and thus overall reduces
the radiation exposure, also due to a reduced use of x-
rays. The image quality is not impaired, nor can
sensors be concealed, since they are not optical
gsensors. The freedom of movement of the operator is not
restricted, as is the case with optical systems.

The invention is based on the object of providing a
detection system, a sensor unit, and a navigation
gsystem which effectuate automatic detection of the type
of a surgical instrument and the position in the
patient and also a correspondingly adapted display on a
monitor for the operator.

The invention providesg, with regard to the achievement
of the mentioned object, a detection system having at
least two surgical instruments, which each comprise at
least one cavity extending along a longitudinal axis of
the instrument and a proximal entry region to the
cavity, wherein an angle of the proximal entry region
in relation to the longitudinal extension of the cavity
is different in the at least two instruments, having a
sensor unit, which comprises two electromagnetic
sensors and is insertable into the cavity, one sensor
of which is arranged extending axially in the cavity
and the other sensor of which 1s arranged in the entry
region, having a field generator for generating an
electromagnetic field, and having an analysis unit for
analyzing signals transmitted to the analysis unit by
the sensors in accordance with the location thereof in
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the field of the field generator. In the scope of the
invention, a sensor unit is characterized by at least
two of the following instruments: hollow needle, guide
rod, penetration needle according to Jamshidi, and/or
endoscope of such a detection system. Furthermore, the
object 1is achieved by an intraoperative navigation
system having a control and processing electronics unit
and having at least one sgensor unit of the above-
mentioned type electrically connectable thereto, in
which the control and processing electronics unit
comprises a detection unit, a navigation unit, and a
camera system. Finally, a method for automatic
detection of surgical i1nstruments is provided to
achieve the mentioned object, in which the angle
orientation of two sensors of a sensor unit arranged
with fixed longitudinal spacing £from one another is

determined.

Typical operation instruments or devices are those,
such as a rotationally-symmetrical hollow needle, a
guide rod, a penetration needle, in particular
according to Jamshidi, which are guided distally to the
operation location, or also endoscopes having an angled
inlet insert, such as a flushing port. The sensor unit
according to the invention is also elongated wupon
arrangement in the first-mentioned elongated hollow
needle, whereby the two sensors are arranged in axial
succession and are oriented aligned, i.e., the angle
between them is zero. In contrast, if the corresponding
sensor unit 1s arranged in an endoscope, the distal
sensor is located at the distal end of the solely axial
shaft of the endoscope, while the proximal sensor is
arranged in an inlet attachment of the endoscope and
thus encloses a specific angle in relation to the axis
of the shaft of the endoscope and therefore also in
relation to the sensor provided at the distal end. A
relative angle thus exists between the two sensors.



10

15

20

25

30

35

CA 03071475 2020-01-29

Other instruments, such as a guide rod, penetration
needles, or the 1like can comprise the corresponding
angled entry region having definable angled inlet of an
endoscope and other angles differing from one another,
whereby the angle orientation of the located sensors
thereof is determined by a flexible sensor unit.

The above-mentioned differences of the relative
orientation of the sensors can be detected by an
analysis unit of an electronic system and therefore
form the requirement for detection of the type of the
surgical instrument or device in which the sensor unit
is arranged. In this case, the position of the
instrument is also determined via the sensors.

The detection and further processing of the detected
information is performed by the mentioned analysis unit
by this unit detecting the relative orientation of the
two sensors and the position and controlling a display
screen display on a monitor of an intraoperative
operation system for the operator in such a way that
the 1image or images suitable for the respective
instrument or device are displayed.

An access to an operation region in the body of a
patient is provided by means of a rotationally-
symmetrical hollow needle, so that subsequently other
operation instruments can be introduced in a way known
per se. If such a needle is detected, through which
suitable working instruments are optionally introduced,
in addition to a respective sagittal, coronal, and
axial CT, MRT, or x-ray image of the spinal column
region, in particular of the spinal column and more
precisely the 1location of the spinal column at which
the operation region ig located, an image corresgponding
to the guide direction of the hollow needle and thus of
the working instrument to be used 1is automatically
displayed together with this image by superposition in
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the correct location and orientation of the needle or
needle tip, for example, by a circle significantly
highlighted from the other representation of the image
as a projection of the hollow needle tip on the
operation location as an orientation aid for the

correct positioning of the instrument.

In contrast, upon recognition of an endoscope as a
surgical instrument or device, in addition to the
mentioned sagittal, coronal, and axial x-ray images
having superimposed overlay of the endoscope shaft
accurately in location and orientation in the x-ray
image, is additionally the image of the operation
region recorded by a camera in the endoscope is

automatically displayed on the monitor of the operator.

This applies correspondingly to further surgical
instruments such as guide rods, penetration needles, or
the like.

One preferred embodiment of the detection system
according to the invention is characterized by at least
two of the following instruments: hollow needle, guide
rod, penetration needle according to Jamshidi, and/or
endoscope, wherein preferably the guide rod is double
cannulated. One preferred design of the detection
system 1is characterized by at least four different
instruments.

In one refinement, it 1is provided that the angles of
the entry regions to the longitudinal extension of the
cavity of two instruments differ by at least 5° from
one another, wherein the entry regions of the
instruments preferably have angles of 0°, 65°, or 35°
in relation to the longitudinal extension of the cavity
of the instrument.
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One preferred refinement provides that the sensors have
a fixed longitudinal spacing in relation to one
another.

In one refinement, it is provided that the sensors are
coileg made of electrically conductive wire, wherein in
particular the coils consist of metal, in particular

copper or silver.

In preferred refinements, it can be provided in
particular that the sensor unit comprises a flexible
protective tubing Jjacketing the sensors, wherein in
particular the protective tubing consists of plastic,
in particular of biocompatible plastic which can be
sterilized, such as polyether.

For the exact fixing of the sensor unit on the surgical
instrument or device, an adapter, in particular a Luer
adapter 1is provided, which, as known, typically
consists of a female and a male adapter part. A sensor
unit 1is preferably accordingly formed in that an
adapter part is arranged proximal of the proximal
sensor. It preferably consists of plastic, such as
biocompatible plastic which can be sterilized, in
particular nylon.

Further preferred embodiments provide an electrical
connecting line of the sensors at the proximal end, in
particular for the connection to the analysis unit,
wherein in particular the electrical connecting line is
enclosed by a protective tubing made of biocompatible
plastic which can be sterilized, in particular
silicone, and/or the protective tubing is enclosed
directly proximal of the adapter part of the sensor
unit by a buckling safeguard, wherein in addition in an
extremely preferred embodiment, it is provided that the
buckling safeguard is enclosed by biocompatible plastic

which can be sterilized, in particular silicone.
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In principle, it 1is preferably provided in this case
that the analysis unit 1is part of a control and
processing electronics wunit, wherein furthermore a
monitor can be provided. In an extremely preferred
embodiment, the design is provided for the
representation of at least two instruments, such as a
hollow needle, a guide rod, which is double cannulated
in particular, a penetration needle, and/or an
endoscope, in particular of the distal end, of
instruments overlaid in an image of a spinal column
region of a patient.

An intraoperative navigation device according to the
invention comprises a control and processing
electronics unit and a detection system according to
the invention, wherein the control and processing
electronics unit itself comprises a navigation unit, in
which the analysis unit is integrated.

A sensor unit according to the invention is one which
comprises at least one or more features of the sensor

unit of the above-described detection system.

One preferred refinement of the method according to the
invention provides that upon detection of a sgpecific
relative angle orientation of the two sensors, an
instrument corresponding to an angle orientation is
recognized and a representation of the respective
instrument, in particular of the distal end, is
effectuated overlaid in an image of a spinal column
region of a patient, wherein the image is in particular

a CT, MRT, or X-ray image.

An endoscope 1is controlled via the control unit of the
camera system and provides an image to a processing
unit of the camera system. This image is transmitted to

the navigation system.
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The navigation system consisting of various functional
software components, the processing unit, the control
unit, and the field generator 1is connected to the
camera system and the sensor unit and also to the
monitor for the display. The sensor unit can be used
either for navigation of a rotationally-symmetrical
instrument or an endoscope, in that this is inserted
either into the shaft of the instrument or into the
flushing channel of the endoscope.

The field generator generates an electromagnetic,
inhomogeneous field and is controlled wvia the control
unit of the navigation system. The signals of the
sensor coils of the wire sensor are digitized wvia the
processing unit and analyzed via the functional
software components. The functional unit instrument
recognition analyzes the signals of the two sensor
coils and recognizes on the basis of the orientation of
the two coils in relation to one another whether the
sensor unit is 1located in an endoscope or not. The
functional wunit instrument recognition relays the

result to the functional wunit layout control. 1In
dependence on whether the navigation software
recognizes an endoscope or not, the corresponding

layout 1is displayed on the monitor wvia the layout
control. If the endoscope 1is recognized by the
software, the video signal is fed wvia the functional
unit into the navigation system and is provided to the
functional unit for the layout output.

If an endoscope is not recognized via the corresponding
functional unit on the basis of the accurately defined
orientation of the two sensor coils in relation to one
another, a rotationally-symmetrical instrument and the
corresponding layout representation are output.
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The sequence of the method according to the invention

is preferably as follows:

After starting of the navigation unit, the signals of
the sensors are requested. As soon as the user moves
the sensor unit into the working £field of the field
generator, a signal can be recognized and measured. If
the sensor signal 1is not equal to the wvalue =zero
(sensor in the working field), instrument recognition
takes place. For this purpose, the orientation of the
two sensors for the sensor coils is analyzed. If the
two sensors are oriented (distance and angle) in this
case in relation to one another in accordance with the
geometry of the flushing channel of an endoscope, i.e.,
having relative angle not equal to zero, this is
recognized by the software and the endoscope 1is
accordingly displayed as the navigated instrument.
Furthermore, a layout adaptation is performed. If the
endoscope was recognized as the navigated instrument,
in particular the signal of the proximal coil is used
to measure the position of the endoscope in the working
field and thus to display the position in relation to
the image data set of the patient. If the orientation
of the two sensors 1is not equal to the accurately
defined sensor unit introduced into the £lushing
channel of the endoscope, a rotationally-symmetrical
instrument (hollow needle) is output by the navigation
unit together with the corresponding layout
representation. The signal of the distal wire sensor is
used to determine the instrument 1location in the
working field and displayed accordingly in the image
data set of the patient.

The wuse of the sensors according to the invention
preferably takes place in an endoscope device, which
also comprises the sensor unit in addition to an
endoscope. It accordingly comprises a sensor unit

having at least two sensor coils arranged having a
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fixed finite spacing in relation to one another in the
longitudinal direction, which are oriented at a finite

angle in the endoscope in relation to one another.

Because the two sensors are arranged at a finite angle
in relation to one another in the endoscope device,
because of the different arrangement, the orientation
of the endoscope device in the magnetic field of a
control and processing electronics unit and thus also

in space can be precisely determined.

In one preferred design, it is provided in this case
that the first sensor is oriented parallel to the
centre axis or the main extension direction of the
cavity and the second sensor is oriented at a finite
angle in relation to the centre axis, wherein in
particular the first sensor is arranged in the shaft of
the endoscope and the second sensor is arranged in an
attachment of the insertion head. Therefore, by way of
the sensor signal of the sensors in the applied
electromagnetic field, the location thereof can also be
determined and, because of the fixed spacing to the
distal end of the shaft, the location of the distal end
of the shaft in the electromagnetic field and thus in

space can be determined.

In one refinement, it is provided that the sensor unit
bearing the two sensors extends through a cavity of the
endoscope device, wherein in particular the sensor unit
is connected in an axially fixed manner to an adapter
which is attachable to the attachment of the insertion
head. In this way, the location of the one sensor, in
particular of the - first - distal sensor at the distal
end of the shaft is accurately defined in the endoscope
device and thus on the basis of the determination of
the location of the first - distal - sensor coil by a

control and processing electronics unit in the magnetic
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field, the exact determination of the accurate location

of the distal operating location is also possible.

Due to the fixed connection of the sensor unit bearing
the sensor coils to a holder separable from the
endoscope, furthermore, after positioning, the sensor
unit bearing the sensor is removed, and the cavity
occupied thereby for the positioning can be released
for other usage purposes. Furthermore, the sensor unit
is thus separable from the actual endoscope and can be
used in another way. This also enables simpler
sterilization.

This also applies correspondingly, as described above,
for other surgical instruments, such as guide rods,
penetration needles, or the like, wherein the above is

applicable in the same manner.

Further features and advantages of the invention result
from the claimg and from the following description, in
which exemplary embodiments of the invention are
explained in detail with reference to the drawing. In
the figures:

Figure 1 shows a sensor unit according to the
invention in the elongated state;

Figure 2 shows the sensor unit according to the
invention of Figure 1 in the unwound

state;

Figure 3 shows a hollow needle having an
elongated sensor unit having aligned

Sensors;

Figure 4 shows the arrangement of a sensor unit
according to the invention in an

endoscope to form an endoscope device;
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shows a longitudinal section of a double
cannulated guide rod having attached
adapter for accommodating a sensor unit

of Figures 1, 2;

showg the guide rod of Figure 5 in
longitudinal gection without sensor

unit;

shows a distal end view of the guide rod
of Figures 5, 5a;

shows a proximal end view of the guide

rod of Figure 5 having attached adapter;

shows a trephine needle according to
Jamshidi;

shows a longitudinal section through a
trephine needle according to Jamshidi;

Figure 6b shows a partial section through a

Figure 7

Figure 8

Figure 9

complete Jamshidi needle, in which the
sensors of the sensor unit (this without
adapter part) are indicated;

shows a block diagram of the navigation
system according to the invention;

shows a flow chart of the method
according to the invention;

shows the representation, automatically
generated by means of the navigation
system according to the invention on the
basis of the orientation of the sensor

unit, of a surgical instrument in
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overlay with the representation of
spinal column regions of a patient in

the case of a hollow needle; and

Figure 10 shows the representation, automatically
generated by means of the navigation
system according to the invention on the
basis of the orientation of the sensor
unit, of a surgical instrument in
overlay with the representation of
spinal column regions of a patient in
the case of an endoscope.

Figure 1 shows a sensor unit 1 according to the
invention as part of a detection system according to
the invention. It comprises two sensors 1.1, 1.2, which
are arranged with fixed longitudinal spacing in
relation to one another, are formed as coils, and are
thus referred to hereafter. The coils 1.1, 1.2 have a
fixed longitudinal spacing. They are housed in a tubing
1.3. EBach coil 1.1, 1.2 comprises a proximally attached
contact line 1.1.1, 1.2.1. Coils 1.1, 1.2 and contact
lines 1.1.1, 1.2.1 - each having feed and return
conductor - consist of conductive metal, preferably
copper. They are electrically insulated from one
another, for example, by coating wusing insulating
lacquer. A male Luer adapter part 1.4 is provided
proximal of the proximal coil 1.2. This adapter part
comprises a cylindrical ring space 1.8 distally, using
which it can be attached in a defined manner to a
cylindrical jacket of an 1inlet of a corresponding
surgical instrument or its associated adapter part.
Proximally thereof, a connecting cable 1.5 extends, in
which the contact lines 1.1.1, 1.2.1 of the coils 1.1,
1.2 are led up to a connecting plug (not shown) for
connection to a navigation unit 3.1. The lines are also
jacketed by a jacket 1.6 here.
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A buckling safeguard 1.7 is provided directly proximal
of the Luer adapter part 1.4 to prevent buckling of the
cable 1.5.

Protective tubing 1.3, Luer adapter part 1.4, buckling
safeguard 1.7, and jacket 1.6 preferably consist of
sterilized plastic, in particular biocompatible
plastic, specifically in particular tubing 1.3 of
polyether, Luer adapter part of nylon, and buckling
safeguard 1.7 and jacket 1.6 of silicone.

If the coils 1.1, 1.2 are moved into an inhomogeneous
electromagnetic field, as 1is generated by the control
and processing electronics unit 3 via a field generator
2.1, the location of the coils and the orientation of
the coil perpendicular to the axis thereof may thus be
determined reliably by means of the coils, while a
rotation around the coil axis itself cannot be
recognized. Such a sensor 1is referred to as a 5-DOF
sensor (DOF = degree of freedom).

Since in the case of a hollow needle, the distal end of
which 1is 1located at the operation 1location, the
knowledge of the location of the distal end of the
hollow needle (and thus also of a separately introduced
working instrument) in space and the orientation of the
hollow needle (and of the working instrument, but not
of the rotation of the hollow needle and of the working
instrument around the axis thereof) is important, such
a 5-DOF sensor is sufficient for the determination of
the orientation of the distal end of the hollow needle
and of the working tool and can be determined by a
sensor, which ig introduced up to the distal end of the
hollow needle, in the inhomogeneous field.

According to Figure 2, by way of a second corresponding
coil 1.2, which is arranged having known longitudinal
spacing from the coil 1.1, in the case of a non-
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rotationally-symmetrical device, such as an endoscope,
upon orientation of the two coils 1.1, 1.2 at a finite
angle in relation to one another, the orientation of
the instrument in question, such as an endoscope, can
also be determined, as is the case in the illustration
of Figure 2.

The combination of the two coils 1.1, 1.2 and thus the
sensor unit 1 thus overall forms a 6-DOF sensor.

Figure 3 shows a hollow needle 2.2 having a sensor 1
located therein as part of the detection system
according to the invention. The hollow needle is
beveled at its distal end 2.2.1 and bears an adapter
part 2.2.3 at its proximal end 2.2.2. The sensor unit 1
comprises, as described above, a distal sensor 1.1 and
a proximal sensor 1.2. In addition, at the proximal end
it covers the adapter part 1.4 which was also already
described. The two sensors 1.1 and 1.2 are oriented
identically and are arranged aligned with one another,
so that the arrangement of the adapter part 1 in a
hollow needle 2.2 and therefore this on the basis of
this orientation of the twoc sensors 1.1, 1.2 of the
sensor unit 1 can be recognized, as explained in
greater detail hereafter with reference to Figure 7 to
Figure 9. The use of the sensor unit according to the
invention in an endoscope is illustrated in Figure 4
and 1is explained in greater detail hereafter with
reference to this figure.

The endoscope device 5 therein comprises in the
illustrated exemplary embodiment a proximal insertion
head 5.1 and a shaft 5.2 extending distally therefrom,
having at least one oblong cylindrical cavity 5.2.1
extending axially in the shaft 5.2. The insertion head
5.1 has three branches or attachments 5.1.1 to 5.1.3
here, namely an attachment 5.1.1 for connection of a

light guide and the optical unit (camera system) and a
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working channel for the introduction of surgical
instruments.

A sensor unit 1 extends in the axially elongated cavity
5.2.1 of the shaft 5.2 through an inlet 5.1.3.1 of the
attachment 5.1.3. The sensor unit displays two sensors
1.1 and 1.2 in the form of coils in the above-described
manner having spacing in the 1longitudinal extension
thereof. Connecting wires (not shown here) extend from
the coils 1.1, 1.2 in the proximal direction up to a
respective proximal connecting or contact end of the
respective wire, possibly in the formation of a plug
for connection of the wires to the control and
processing electronics unit 3 of the navigation system
2 (not shown).

The coil 1.1 is located at the distal end of the sensor
unit 1 and thus inside the shaft 5.2 of the endoscope 5
extending axially-parallel to the centre axis X and is
therefore also oriented parallel to the centre axis X.
The c¢oil 1.2 arranged with spacing in relation to the
coil 1.1 on the sensor wunit 1 is located in the
attachment 5.1.3 of the insertion head 5.1 extending at
a finite angle in relation to the centre axis X, in
that the 1lumen section of the cavity 5.1.3.1 also
extends at a finite angle in relation to the centre
axis X; the orientation or extension of the coil 1.2 in
the attachment 5.1.3 also encloses a finite angle in
relation to the centre axis X. The two coils 1.1, 1.2
are therefore not parallel to one another, but rather
are oriented at a finite angle in relation to one
another.

In the case of an externally applied inhomogeneous
electromagnetic field - as by way of the field
generator 2.1 - in which the coils 1.1, 1.2 are
located, these coils therefore perceive the field
differently and transmit different signals to the
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control and processing electronics unit 3. Due to this
different orientation of the coils 1.1, 1.2, the
complete placement and orientation of the endoscope
device in the electromagnetic field and thus in space
is exactly determined.

The sensor unit 1 comprises, as already stated above, a
fixedly arranged Luer adapter part 1.4. This is
connectable - connected here - to a complementary Luer
adapter part 1.4, 5.1.3.2 on the attachment 5.1.3 of
the endoscope 5, which both together form a Luer
adapter 1.4, 5.1.3.2. The attachment 5.1.3 and the
sensor unit 1 can thus be fixedly connected to one
another 1like a bayonet by the Luer adapter in a way
known per se. The location of the adapter part 1.4 in
relation to the attachment 5.1.3 and also in relation
to the head 5.1 and the shaft 5.2 of the endoscope
device 5 is thus defined in the fastened state. Since
the sensor unit 1, as stated, is provided axially fixed
with the holder, the longitudinal position of the coils
1.1, 1.2 and in particular of the distal coil 1.1 in
the shaft 5.2 and thus of the endoscope device 5 is
also established and therefore also the spacing, in
particular the axial spacing of the coil 1.1 to the
distal end 5.1.2 of the shaft 5.2. Therefore, by way of
the sensor signal of the coil 1.1 in the applied
electromagnetic field, its location and, because of the
fixed spacing to the distal end 5.1.2 of the shaft 5.2,
the location of the distal end 5.2.1 of the shaft 5.2
in the electromagnetic field and thus in space can be
determined.

Figure 5 shows a double cannulated guide rod 6 in
longitudinal section having a central oblong
cylindrical first cavity 6.1 extending longitudinally
through the entire guide rod and a second cylindrical
cavity 6.2 extending in parallel thereto over the
largest part of the length of the guide rod 6. This
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cavity opens distally into a lateral opening 6.2.1. The
cavity 6.2 also opens proximally with spacing in
relation to the proximal end face 6.3 of the guide rod
6, while the cavity 6.1 extends up to the proximal end
6.3. In the proximal region, the guide rod 6 is tapered
adjacent to the cavity 6.1 and is provided with an
axially-parallel flattening 6.4.

An adapter 6.5, which comprises a cavity 6.5.1
extending the cavity 6.2 in an aligned manner, which in
turn ends in an entry region 6.5.2 of the adapter 6.5,
is attachable to the proximal end of the guide rod 6.
The entry region 6.5.2 has a finite angle in relation
to the axial extension of the cavity 6.2, preferably an
angle of 35° in relation to the longitudinal axis of
the guide rod or the extension direction of the cavity
6.2.

A connecting plate 6.5.5 1is provided for stabilizing
the adapter 6.5 in the angle between its plug part
6.5.4 and the entry region 6.5.2. The adapter 6.5 is
formed in one piece and preferably consists of plastic.

A sensor unit according to Figures 1, 2 is inserted
through the entry region 6.5.2 up into the cavity 6.2,
wherein the distal sensor 1.1 of the sensor unit 1 1is
located in the distal region of the cavity 6.2 and the
sensor 1.2, when the adapter 1.4 is fully plugged on,
is located with its distal ring space 1.8 in the form
of a cylindrical jacket on the cylindrical jacket wall
6.5.3 of the adapter 6.5 in the region of the angled
entry region 6.5.2.

The different orientations of the two sensors 1.1, 1.2
of the sensor unit 1 inserted into the guide rod 6 and
in particular the precise angle of the sensors 1.1, 1.2
in relation to one another can be detected by an

analysis unit and the display on the display screen of
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a control unit can be selected and/or adapted
accordingly thereto, as 1s described in detail
hereafter in the text both for a hollow needle and also

for an endoscope.

A trephine needle 7 according to Jamshidi, as shown in
Figure 6, is provided as a further surgical instrument
detectable in the scope of the subject matter of the
invention and in particular of the detection system.
Such a trephine needle 7 is formed in two parts. It
comprises, on the one hand, a cannula 7.1 and, on the
other hand, a stylet 7.2, which are resgpectively
provided with a handle part 7.1.1 and 7.2.1. The stylet
7.2 protrudes beyond the cannula 7.1 and comprises a
pointed distal end 7.2.2, which is to be formed
conically or as a trocar. The stylet is formed solid in
typical trephine needles 7 of this type.

The stylet 7.2 according to the invention comprises an
axial oblong cylindrical cavity 7.2.3, as is
recognizable in the longitudinal section of the stylet
7.2 of Figure 6a. It extends from the proximal adapter
part 7.2.1 of the stylet 7.2.1 through the stylet 7.2
and ends with a spacing to the distal tip 7.2.2. The
adapter part 7.2.1 in turn comprises an entry region
7.2.4 having an essentially cylindrical jacket wall
7.2.5, which is oriented at a finite angle in relation
to the extension direction of the stylet 7.2 or its
axis A7. The relative angle o of the entry region 7.2.4
in relation to the axis A7 of the stylet deviates from
the relative angles of other surgical instruments
usable in the scope of the detector system according to
the invention, specifically by at least 5°, and is 65°
in the illustrated exemplary embodiment.

A sensor unit 1 of Figures 1, 2 is also inserted
through the entry region 7.2.4 of the stylet 7.2 of the
trephine needle 7 up into the axial cavity 7.2.3 and
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the adapter part 1.4 of the sensor unit 1 is positioned
having its c¢ylindrical ring space 1.8 on the jacket
7.2.5 of the entry region 7.2.4 in such a way that the
sensor 1 comes to rest in the distal end region of the
axial cavity 7.2.3 of the stylet 7.2, but the sensor
1.2 comes to rest in the inlet 7.2.5 oriented at the
mentioned finite angle in relation thereto.

In such a way, the relative position of the sensors 1.1
and 1.2 1in an electromagnetic field and in particular
the accurate angle orientation can again be determined
by the analysis unit and thus the trephine needle 7
according to Jamshidi can be identified as the surgical
instrument and the display on the monitor of the
processing electronics unit can be displayed
accordingly, as 1s described hereafter, as already
stated, for an - elongated - hollow needle and an
endoscope. The statements therein also relate in a
corresponding manner to the above-described guide rod
and also to the trephine needle described here
according to Jamshidi.

A detection system according to the invention is formed
in particular by the sensor unit 1, at least two of the
instruments 2.2, 5, 6, 7, and an analysis unit 3.1.3,
which is described hereafter in the sgcope of a
comprising control and processing electronicg unit 3.

Figure 7 shows a schematic representation like a block
diagram of an intraoperative navigation system 2
according to the invention and its essential
components. Parts of the navigation system 2 are the
sensor unit 1, the control and processing electronics
unit 3, the field generator 2.1, at least one
rotationally-symmetrical instrument 2.2, such as a
hollow needle 2.2, and at least one endoscope 2.3.
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The control and processing electronics unit 3 comprises
a navigation unit 3.1 and a camera system 3.2 for the
endoscope 2.3, as illustrated in Figure 7.

The navigation unit 3.1 firstly comprises a control
unit 3.1.1 for controlling the field generator 2.1.
Furthermore, it comprises a receiving unit 3.1.2
connected to the sensor unit 1 for receiving signals
S1, 82 of the sensor wunit and for the further
processing thereof. The sensor signals thus received
and adapted are further processed by an analysis unit
3.1.3, which can be implemented by software modules.
The analysis unit 3.1.3 firstly comprises a functional
module 3.1.3.3.1 for instrument recognition, 1i.e.,
whether a rotationally-symmetrical instrument 2.2, such
as a hollow needle, or a non-rotationally-symmetrical
instrument, such as an endoscope 2.3, are attached.

The functional module 3.1.3.3.1 is in turn connected to
a layout controller 3.1.3.3, by means of which the
layout of the representation on the monitor is
controlled, specifically via the functional module
3.1.3.3.1 in the case of a rotationally-symmetrical
instrument 2.2 in accordance with Figure 9 and via the
functional module 3.1.3.3.1 in the case of an endoscope
2.3 in accordance with Figure 10 using the endoscope
image.

The analysis unit 3.1.3 furthermore comprises a feed
module 3.1.3.2 for feeding the video signal of the
endoscope 2.3 into the representation of the monitor
image of Figure 10 effectuated by the functional module
3.1.3.1.

The video signal of the endoscope 2.3 is supplied to
the navigation unit 3.1 via a camera system 3.2 of the
endoscope 2.3, which comprises an analysis unit 3.1.3

for processing the image of the endoscope 2.3, on the
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one hand, and a control unit 3.1.1 for controlling the
camera of the endoscope, on the other hand.

The working sequence of the navigation system according
to the invention is as follows according to Figure 8:

After starting the navigation unit 3.1, the signals of
the sensors are requested. As soon as the user moves
the sensor unit 1 into the working field of the field
generator 2.1, a signal can be recognized and measured.
If, according to sequence B, the sensor signal is not
equal to the value zero and corresponds to the sensor
unit 1, an instrument query C takes place. For this
purpose, the orientation of the two sensor coils (step
D) 1is analyzed. If the two coils 1.1, 1.2 are at a
finite relative angle not equal to zero in relation to
one another in accordance with the geometry of the
flushing channel in this case (distance and angle),
this is recognized by the software and the endoscope
2.3 is accordingly displayed as the navigated
instrument. Furthermore, a layout adaptation is
performed according to Figure 10. If the endoscope 2.3
was recognized as the navigated instrument, a signal of
the proximal sensor coil 1.2 is used to measure the
position of the endoscope in the working field (step E)
and to display the position in relation to the 3D image
data set on the basis of the measurement F (step G).
Furthermore, as already described, the endoscope image
is introduced in the monitor. In particular, on the
basis of the known location of the coil 1.2 in the
endoscope, the position of the distal end of the
endoscope in space can be concluded and this can be
represented in the image of the spinal column region,
as shown in Figure 10.

If in step D, an orientation of the two sensor coils
1.1, 1.2 1is determined not equal to the precisely
defined location in accordance with the one flushing



10

15

20

25

30

35

CA 03071475 2020-01-29
- 23 -

channel of the endoscope in relation to its main axis
of in general 259, a rotationally-symmetrical
instrument (needle) is recognized and output together
with the corresponding layout representation by the
navigation system (step H). The sensor coil 1.1 is used
to determine the instrument location in the working
field (step J) and displayed according to the measured
location (step K) in the 3D image data set (step L).

If the navigation system recognizes, because of the
axial orientation of the two coils 1.1, 1.2 in the
inhomogeneous field, i.e., an orientation at a relative
angle which does not correspond to the arrangement of
the averted connection of an endoscope in relation to
its main axis, generally of 25°, in particular is less
than this angle, that a hollow needle 2.2 is used as a
rotationally-symmetrical instrument, a representation
igs thus automatically displayed to the wuser on a
monitor 2.4, in which the body of the patient, more
precisely a spinal column region or parts of the region
- the spinal column 4 here - are represented from four
views with overlay of the representation of the
operation instrument or the hollow needle 2.2,
respectively. The representations are based on an image
data set of a patient, which is obtained by means of

computer tomography (CT) or magnetic resonance
tomography  (MRT) (because of requirements for the
patent form, Figure 9 and Figure 10 only show

simplified schematic illustrated representations of the
coloured or dgreyscale image actually displayed on the
monitor 2.4 and also only show the operation instrument
or the shaft, respectively, in a black representation
and the distal end of the endoscope, which is actually
displayed offset in colour on the monitor 2.4).

In the monitor image 2.4.1, the region of the spinal
column 4 corresponding to a target display of the

instrument is illustrated on the top left (A), i.e., in
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the axial direction of the instrument or the hollow
needle 2.2 in the direction of the axis X of the
instrument or the hollow needle 2.2, respectively (the
further illustrations of Figure 9 also for this
purpose). On the right adjacent thereto (B), a sagittal
display 1is performed, i.e., the representation of a
plane the perpendicular of which is oriented
sagittally, i.e., from the back towards the rib cage of
the patient. The illustration on the bottom left (C) 1is
an axial display, i.e., corresponding to the extension
direction of the spinal column. The last illustration
on the bottom right (D) shows a coronal display, i.e.,
from the side.

If the navigation system 2 recognizes an endoscope by
way of orientation of the two coils 1.1, 1.2 at a
finite angle in accordance with the angle between main
axis of the endoscope and proximal branch of in general
25°, in the large image part on the left of the monitor
corresponding to Figure 10, the real image of the
camera of the endoscope is thus displayed. The images
on the right from top to bottom (B-D) again show the
displays described with reference to Figure 9,
specifically B sagittal, C coronal, and D axial here,
as a comparison to Figure 9 also shows.

The navigation system according to the invention
directly recognizes, on the basis of the orientation of
the two coils of the sensor unit in relation to one
another, the type of surgical instrument, the distal
end of which is located at the operation location, and
the corresponding representation relevant to it is
automatically displayed to the operator on the monitor
2.4.

An operator thus accurately recognizes on the basis of
the analysis of the sensor signals and an image display
on a display screen of the analysis unit the position
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of the distal end 5.2.1 of the shaft 5.2 and thus also
of the endoscope device 5 and thus knows where exactly
they are working with their instruments, which they
poseibly introduce into another lumen of the endoscope
device and through it. This applies accordingly in the
case of the orientation of the sensor unit 1 in a
hecllow needle 2.2,
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Patent Claims

Detection system for automatically detecting
surgical instruments

- having at least two surgical instruments, which
each comprise at least one cavity (5.2.1, 6.2,
7.2.3) extending along a longitudinal axis of the
instrument (2.2, 5, 6, 7) and a proximal entry
region (5.1, 3.1, 6.5.2, 7.2.4) to the cavity,
wherein an angle of the proximal entry region in
relation to the longitudinal extension of the
cavity is different in the at least two

instruments,

- having a sensor unit (1), which comprises two
electromagnetic sensors (1.1, 1.2), is insertable
into the cavity (5.2.1, 6.2, 7.2.3), and one
sensor of which is arranged axially extending in
the cavity (5.2.1, 6.2, 7.2.3), and the other
sensor of which is arranged in the entry region
(5.1, 3.1, 6.5.2, 7.2.4),

- having a field generator (2.1) for generating an
electromagnetic field, and

- having an analysis unit (3.1.3) for analyzing
signals transmitted by the sensors (1.1, 1.2) to
the analysis unit (3.1.3) in accordance with the
location thereof in the field of the field
generator (2.1).

System according to Claim 1, characterized by at
least two of the following instruments: hollow
needle (2.2), guide rod (6), penetration needle
(6) according to Jamshidi, and/or endoscope (5).
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System according to Claim 2, characterized in that
the guide rod (6) is double cannulated.

System according to Claim 1 or 2, characterized by

at least four different instruments.

System according to Claim 4, characterized in that
the angles of the entry regions (5.1, 3.1, 6.5.2,
7.2.4) in relation to the longitudinal extension
of the «cavity (5.2.1, 6.2, 7.2.3) of two
instruments differ by at least 5°.

System according to Claim 5, characterized in that
the entry regions (5.1, 3.1, 6.5.2, 7.2.4) have
angles of 0°, 15°¢, 25°, 35°, 45°, 55°, §5°, or 75°
in relation to the longitudinal extension of the
cavity (5.2.1, 6.2, 7.2.3).

System according to Claim 6, characterized in that
the sensors (1.1, 1.2) have a fixed longitudinal

spacing in relation to one another.

System according to Claim 7, characterized in that
the sensors (1.1, 1.2) are coils made of
electrically conductive wire.

System according to Claim 8, characterized in that
the coils consist of metal, in particular copper
or silver.

System according to Claim 9, characterized in that
the sensor unit (1) comprises a flexible
protective tubing (1.3) Jjacketing the sensors
(1.1, 1.2).

System according to Claim 10, characterized in
that the protective tubing consists of plastic, in
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particular of biocompatible plastic which can be
sterilized, such as polyether.

System according to any one of the preceding
claims, characterized in that the proximal entry
region (5.1, 3.1, 6.5.2, 7.2.4) of a Luer adapter
comprises an adapter part, preferably of an
instrument (2.2, 5, 6, 7).

System according to any one of the preceding
claims, characterized by an electrical connecting
line (1.5) of the sensors (1.1, 1.2) at the
proximal end, in particular for connection to the
analysis unit (3.1.3).

System according to Claim 13, characterized in
that the electrical connecting 1line (1.5) 1is
enclosed by a protective tubing (1.3) made of
biocompatible plastic which can be sterilized, in

particular silicone.

System according to Claim 13 or 14, characterized
in that the protective tubing (1.3) is enclosed
directly proximal of the adapter part (1.4) of the
sensor unit (1) by a buckling safeguard (1.7).

System according to Claim 15, characterized in
that the buckling safeguard (1.7) is enclosed by
biocompatible plastic which can be sterilized, in

particular silicone.

System according to any one of the preceding
claims, characterized in that the analysis unit
(3.1.3) 1s part of a control and processing
electronics unit (3.1).

System according to any one of the preceding
claims, characterized by a monitor (2.4).
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System according to any one of the preceding
claims, characterized by design to represent at
least two instruments, such as hollow needles
(2.2), a guide rod (6), which is double cannulated

in particular, a penetration needle (7), and/or
endoscope (5), 1in particular of the distal end
(5.1.2, 5.2.1), overlaid in an image of a spinal

column region of a patient.

Intraoperative navigation device (2) having a
control and processing electronics unit (3) and a
detection system according to any one of the

preceding claims, characterized in that the
control and processing electronics unit (3)
comprises a navigation unit (3.1), in which the

analysis unit (3.1.3) is adapted.

Sensor unit (1), characterized by at least one or
more features of the sensor unit (1) of a
detection system according to any one of Claims 1
to 19.

Method for automatically recognizing surgical
instruments, such as a hollow needle, a guide rod
(6), a penetration needle (7), and/or an endoscope
(5), characterized in that the angle orientation
of two sensors (1.1, 1.2) of a sensor unit (1),
which are arranged with fixed longitudinal spacing
in relation to one another, is determined.

Method according to Claim 22, characterized in
that upon detection of a specific relative angle
orientation of the two sensors (1.1, 1.2), an
instrument (2.2, 5, 6, 7) corresponding to an
angle orientation is recognized and a
representation of the respective instrument (2.2,

5, 6, 7), 1in particular of the distal end, 1is
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effectuated overlaid in an image of a spinal
column region of a patient, wherein the image 1is
in particular a CT, MRT, or x-ray image.
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