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Abstract:

The invention relates to an instrument advancing device (100) for driving at least one first instrument
(210) in a translational and/or rotating manner, said instrument advancing device (100) having the
following: a guide device (110) comprising at least one first shaft body (111) which extends in a
translational drive direction of the at least one first instrument (210); at least one first motor (120)
which is designed to be movable along the first shaft body (111) in a motor-driven manner; and at
least one second motor (130) which is designed to be movable along the first shaft body (111) or
along a second shaft body (112) in a motor-driven manner, said second shaft body being aligned
parallel to the first shaft body (111), wherein the first motor (120) is connected or can be connected
to a first holding device (125) for holding and/or moving the first instrument (210), and the second
motor (130) is connected or can be connected to a second holding device (135) for holding and/or
moving the first instrument (210) or a second instrument (220). The invention additionally relates to
the use of a spindle device (150) with a double thread in an instrument advancing device (100).
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Instrument advancing apparatus and use of a spindle device in an instrument advancing
apparatus

Technical field

The present invention relates to an instrument advancing apparatus for translationally and/or
rotationally driving at least one first instrument. Furthermore, the invention relates to a use of a
spindle device in an instrument advancing apparatus.

The present invention will be described hereinafter mainly in connection with medical
instruments, in particular with a needle and a trocar. However, the invention can also be used in
connection with non-medical instruments, for example laboratory instruments or measuring
instruments.

State of the art

Instrument advancing apparatuses are generally used to move instruments translationally and/or
rotationally.

A wide variety of possibilities are known from the state of the art for implementing an instrument
advancement or feed. Particularly when advancing medical instruments, very high demands are
placed on the accuracy, reliability and sterilizability of the instrument advancing apparatus. Thus,
numerous attempts have been made in the prior art to further develop and improve instrument
advancing apparatuses taking these requirements into account.

For example, a device for controlled displacement movement and optional rotary movement of
an instrument is known from EP 230 309 8 B1. In this case, the device has a linear actuating
element which engages at a rear end of the instrument, the actuating element having a linear motor
with an electromagnetic direct drive and a spindle which can be displaced relative to a stator and
in which the instrument is configured to be guided.

However, the systems known from the prior art are all relatively complex and not sufficiently
compact, in particular flat. The design implementation of the high requirements is reflected in a
complex structure. Typically, the structure is then also no longer flat enough to be used in an
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imaging tube. In addition, the known systems can still be further improved, especially with regard
to their accuracy and sterilizability.

Description of the invention

Based on the above prior art, itis the object of the present invention to provide an improved device
which eliminates the above problems and disadvantages of the prior art. In particular, it is the
object of the present invention to provide an instrument advancing apparatus which is
characterized by a simple and functional structure.

The task is solved with an instrument advancing apparatus according to claim 1. Advantageous
further embodiments of the invention are the subject of the dependent claims.

In particular, the solution according to the invention is to provide an instrument advancing
apparatus for translationally and/or rotationally driving at least a first instrument, wherein the
instrument advancing apparatus comprises: a guide device having at least one first axis body
extending in particular in a translational driving direction of the at least one first instrument; at
least one first motor configured motor-driven along the first axis body; and at least one second
motor configured motor-driven along said first axis body or along a second axis body aligned
parallel to said first axis body, wherein said first motor is connected or connectable to a first
holding means for holding and/or moving said first instrument, and wherein said second motor is
connected or connectable to a second holding means for holding and/or moving said first
instrument or a second instrument.

Thus, in a first alternative, the guide device comprises one axis body, wherein the first motor and
the second motor are motor-driven along the one axis body. In a second alternative, the guide
device has two parallel axis bodies, wherein the first motor is motor-driven along the first axis
body and the second motor is motor-driven along the second axis body.

When the guide device has two axis bodies, the two axis bodies are fixed parallel to each other,
i.e., fastened. This means that the two axis bodies are permanently arranged parallel to each other,
i.e. they cannot be moved relative to each other. In this case, the guide device is configured in
such a way that the guide device fixes the two axis bodies rigidly, i.e. not movable relative to each
other. The guide device is a component that physically forms a unit and, in particular, is not
formed by a plurality of components, for example arms, that are movable relative to one another.
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For example, in one configuration, the guide device comprises the two axis bodies and at least
one, preferably two, connecting region(s) connecting the two axis bodies to each other.
Particularly preferably, in this case, a connecting region is formed at an upper end and a
connecting region is formed at a lower end of the two axis bodies.

The instrument advancing apparatus is generally attachable to a positioning arm.

Instrument advancement is understood as the motorized movement of an instrument, regardless
of whether the instrument is moved translationally or rotationally. The moved instrument is
preferably a medical or medical-technical instrument or a metrological or laboratory instrument.
The instrument has a leading end, in the case of a medical instrument an end directed towards the
patient. Typically, the instrument has a functional element at this leading end. This may be, for
example, an opening in the case of a trocar, a needle tip in the case of a needle, a gripping jaw in
the case of forceps, a probe head in the case of a probe, or a cutting edge in the case of scissors
or a knife.

The functional element may be placed outside the body, on the surface of the body, or inside the
body. The functional element can generally be diagnostic and therapeutic instruments of all types,
which can be positioned during interventions and surgical procedures with a manual input device
or automatically.

Depending on the applications, different designs are possible in terms of degree of freedom,
stability, precision, material compatibility for imaging procedures, etc.

Examples for applications outside the body: guiding and positioning of an optical sensor, e.g. a
microscope or exoscope: guiding and positioning of a radiation source or a laser or therapy beam;
guiding of a gamma detector.

Examples of applications on the body surface: guiding and positioning of an ultrasound transducer
on the skin surface; guiding and positioning of implants and injection needles and probes.

Examples of applications on the inside of the body: Guiding and positioning of an endoscope;
guiding and positioning of (trocar) needles and needle-like instruments and probes for diagnosis
and therapy (e.g., soft tissue and bone biopsy needles; e.g., ablation needles for radiofrequency
ablation/ microwave ablation/ laser ablation probes/ cryotherapy probes/ irreversible
electroporation/ "seeds" for radiation therapy, etc. ; e.g., drills, grasping forceps, scissors, scalpels,
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and other surgical instruments; e.g., hypodermic needles for local application of a drug); quiding
and positioning catheters and catheter-like instruments in vessels and cavities; guiding and
positioning implants, electrodes, etc.

The above list are only examples of diagnostic and therapeutic applications. Essentially, all
diagnostic and therapeutic procedures in which diagnostic and therapeutic instruments/devices
have to be guided and positioned can be supported. In this context, the device according to the
invention is, due to various unique features - in particular the compactness and the precise
instrument guidance close to the patient - naturally mainly aimed at minimally and microinvasive,
image-guided diagnostic and therapeutic procedures, i.e. diagnostic and therapeutic procedures in
which operations are primarily performed percutaneously, intravascularly or through already
existing body orifices and in which (novel) miniaturized instruments and devices (so-called
“smart instruments") are used. All medical imaging and medical navigation systems can be used
to localize the instrument or robot on or in the patient. When using live or real-time imaging,
compactness and the selection of appropriate materials are of crucial importance in order to avoid
space problems and image artifacts. In addition to the known advantages of using robotic
technology, the use of the device according to the invention allows much more precise and
efficient work, especially in difficult, anatomical conditions, thanks to the possibility of (live)
imaging for position control at any time. In addition, ergonomics and patient accessibility also
play a major role, since the space inside the "tube" (or gantry) or at the operating table is often
very limited. By "teleworking" at a distance and reducing diagnostic/therapeutic time, both the
patient and the operator can be protected from radiation damage and other negative influences
when using equipment with ionizing radiation, hazardous substances, etc.

Driving is understood to be an initiation of movement of the instrument. For this purpose, the
translatory or rotating movement is transferred to the instrument. Translational driving does not
necessarily mean that the instrument or, more precisely, the leading end of the instrument
performs a purely translational movement. Rather, it is also conceivable and, depending on the
application, desirable that the leading end executes an arcuate movement path when driven
translationally. This is possible, for example, when using a trocar and by inserting a needle or
probe with a curved or angulable leading end. Alternatively, a flexible needle with a specific cut,
a so-called steerable needle, could also be used. Due to the shape of the leading end, a radial force
acts on the leading end when the instrument is moved through a body, so that the leading end
moves along an arcuate path of motion.
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The guide device is configured to guide the movements of the motors. For this purpose, the guide
device has the at least one axis body that specifies the direction of movement of the motor. The
translational driving direction of the instrument is the direction in which the translational motion
for driving the instrument is effected. Since the motors move along the at least one axis body, the
translational driving direction corresponds to the main extension direction, i.e., the axial direction,
of the at least one axis body.

The axis body is preferably a polygonal axis, in particular a square axis. Particularly preferably,
the axis body is made of ceramic. The advantage with a ceramic axis body is that it is compatible
for magnetic resonance imaging (MRI) or X-ray, as well as being low-wear.

Since the motors are connected or connectable to corresponding holding means, the holding
means move together with the motors. For example, the motors each have a housing on which the
holding means are directly or indirectly arranged.

The holding means are configured to hold the instruments and to transmit rotational or
translational movements to the instruments. Preferably, the holding means are not assigned to a
fixed point or area of the instruments, but are configured to hold the instruments at any point or
area and to transmit rotating or translatory movements. This is of course dependent on the
instrument used. In particular, however, it is possible to hold a trocar and a needle at any point.

Particularly preferably, the holding means here is configured to hold the instrument as close as
possible to the leading end of the instrument. This makes it possible to achieve a particularly high
degree of precision for guiding the instrument. Transferred to a medical instrument, the instrument
can then be gripped by the holding device in the vicinity of a skin entry point on the patient. This
provides a significant advantage over the known robotic systems. The known robotic systems
basically hold and move the instruments at a distal end, relative to the entry point on the patient.
Thus, the distance between the parts holding and moving the instrument and the entry point is
large. This in turn leads to inaccuracy in the known systems.

In contrast, the present instrument stabilizing device is configured in such a way that the
instruments can be held and moved at a proximal region, in particular a leading end. This results
in a particularly high precision.

In the simplest embodiment, the holding means fix the instrument to be held, for example by
means of clamping. The fixed area of the instrument then moves together with the holding means.
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In more complex designs, the holding means can be used to convert the translatory movements
of the motors into a rotating movement.

The advantage of the instrument advancing apparatus is, in particular, that it is extremely simple
and compact in design due to the motors moving along axis bodies. At the same time, the
movements of such motors can be precisely controlled. Overall, this makes it possible to achieve
an instrument advancing apparatus with a low weight and a very compact design, which also
makes it possible to use it remotely in the narrow tube of an MR device.

A simplified variant of the instrument advancing apparatus for translationally and/or rotationally
driving at least one first instrument comprises: a guide device having at least one first axis body
extending in a translational driving direction of the at least one first instrument; and at least one
first motor configured to be motor-driven along the first axis body, the first motor being connected
or connectable to a first holding means for holding and/or moving the first instrument.

In this embodiment, the instrument advancing apparatus does not necessarily have two motors.
Even with only one motor, a simple, compact and functional structure is obtained. In this regard,
the instrument advancing apparatus with one motor is a separate inventive subject matter. All of
the following aspects, in particular the embodiments or further embodiments according to the
invention, can also be applied to the single-motor variant, provided that they do not necessarily
require at least two motors.

In a preferred embodiment of the present invention, the instrument advancing apparatus comprises
at least a third motor configured to be motor-driven along the first axis body, along the second
axis body, or along a third axis body aligned parallel to the first axis body and the second axis
body.

Thus, an alternative is described herein in which the guide device may correspondingly have three
parallel axis bodies. The instrument advancing apparatus may comprise further axis bodies and/or
motors.

According to an advantageous further development of the invention, the third motor is configured
with a third holding means for holding and/or moving the first instrument or the second
instrument.
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By means of the third motor, in particular with its third holding means, on the one hand the range
of movement of the already existing instruments, i.e. the first instrument and optionally the second
instrument, can be increased. On the other hand, the third holding means can also be used to hold
and move another instrument.

Exemplarily, the first and the second motor can be assigned to the first instrument, for example a
needle, and the third motor can be assigned to a second instrument, for example a trocar, so that
needle and trocar can be moved independently of each other.

The instrument advancing apparatus may have further motors that are either stacked on the
already formed axis bodies or are configured on further axis bodies that are configured parallel to
the already formed axis bodies. In this way, the range of motion of the already existing instruments
can be extended even more or further instruments can be arranged.

Overall, parallel or time-shifted movements of the motors allow paths to be traversed precisely
and single-axis and multi-axis movements to be achieved in a very confined space.

A particularly advantageous embodiment of the present invention provides that the motors are
configured as piezomotors.

In other words, the first motor and the second motor and optionally the third motor and any further
motor are configured as piezo motors. A piezomotor uses the piezoelectric effect to generate
motion. The motors used are piezomotors with direct linear drive, in which no conversion of
rotational motion to linear motion is necessary.

In simplified terms, the piezomotor has at least one electromechanical material in the form of feet
that changes under the influence of an electric field. The axis body is held by means of the feet,
wherein preferably at least two pairs of feet, each having two opposing feet, are arranged on
opposite sides of the axis body. In this case, the axis body is held by a contact pressure of the feet.
The two pairs of feet move out of phase so that the axis body is passed from the rear pair of feet
to the front pair of feet. This also allows the motor to move along the axis body.

The electromechanical material is preferably a piezoceramic. This makes it possible to achieve a
good tribological pairing for long operation without significant wear, particularly in combination

with an axis body made of ceramic.
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The piezomotor has a low weight and is compact, so that the entire instrument advancing
apparatus can have a simple and lightweight structure. In addition, by means of the piezomotor,
extremely precise and backlash-free movement of the instruments is possible. For example, such
fine microsteps can be performed by means of the piezomotor that it is possible to accurately
position the instrument at the cellular scale, for example such microsteps are smaller than 1/10000
mm. Furthermore, the piezomotor can be manufactured without metal, so that it is configured to
be MRI compatible and X-ray compatible.

Another advantage of the piezo motor is that the feed force is easily limited by the contact pressure
of the feet on the axis body. If the counter pressure acting on the instrument is too high, the axis
body is not held sufficiently by the feet and slips. This force limitation makes it possible to always
operate an instrument with the same force. For example, it is thus possible by means of the
instrument advancing apparatus to always operate an ultrasound probe with a specific, in
particular optimal, contact pressure. The slippage when the counter pressure is too high is also
suitable, for example, for determining the counter pressure acting on an instrument. For this
purpose, the target travel distance of the piezo motor is compared with the actual travel distance
reduced by slipping.

In general, a piezo motor can be installed with a contact pressure suitable for the area of
application. Alternatively, it would be conceivable for the contact pressure of the feet to be
adjustable. In this way, the maximum feed force can be adjusted.

Another advantageous effect of the piezo motor is that the piezo motor performs slight vibrations
when moving. These fine vibrations ensure particularly high precision on the tool. In addition,
the vibrations can have other positive effects in certain applications. An example of this is biopsy
removal during a bone or soft tissue biopsy. A vibrating needle can facilitate the penetration of
the needle into the tissue or bone. The vibrating motion of the needle tip can further ensure that
blood-bearing tissues can evade the needle as it penetrates. In the case of a biopsy, the vibration
also makes it easier to detach and remove the sample.

Furthermore, the vibrations have a synergistic effect, particularly in conjunction with a spindle
device, since the fine vibrations of the piezo motor ensure outstanding smoothness and precision
in the spindle device.
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According to an advantageous further development of the invention, the motors are configured to
be wirelessly drivable and/or operable.

A wireless drive preferably comprises the use of an accumulator. Preferably, the accumulator is
configured with a charging coil for wireless charging of the accumulator. It is thus sufficient to
provide cables from the accumulator to the motors, the cables being housed together with the
accumulator and the motors, for example, under a sterile film. This makes it easier to implement
a hygienic sterile concept, since the cables do not have to be routed to the outside. In addition, for
example, a risk in the operating room emanating from cables is reduced.

If the motors are configured for wireless operation, they are connected to corresponding receivers
which receive control signals from transmitters arranged on an input unit. The controlling input
unit can thus be arranged at a location remote from the motors to be controlled. This can enable
simpler and better operability. In particular, in conjunction with monitoring by an imaging device,
such as a camera or an MRI tube, remotely controllable movement of the instrument advancing
apparatus or the instruments held by its holding means can be provided, for example, in an MRI
or X-ray apparatus.

In another embodiment of the present invention, the instrument advancing apparatus includes a
spindle device for rotationally moving the first instrument and operatively connected to at least
one of the holding means.

A spindle device is generally understood to be a body formed with at least one thread for
converting a translational motion into a rotational motion or vice versa. If required, the spindle or
thread can also be configured asymmetrically, i.e. with at least one thread section with a flatter
thread pitch and with at least one thread section with a steeper thread pitch.

By means of the spindle, a translational movement of the motors can be easily and precisely
converted into a rotational movement of the instrument.

According to an advantageous further development of the invention, the spindle device is
configured to interact with the first holding means and the second holding means.

When the spindle device is connected to two holding means, the range of motion of the first
instrument connected to the spindle device can be increased.
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In a further advantageous embodiment of the invention, the spindle device is configured as a
hollow body and has at least one thread, wherein the first instrument can be arranged and fixed in
a cavity of the hollow body.

The first instrument is preferably arranged passing through the cavity or the hollow body and is
arranged on the spindle device in a rotationally fixed manner by means of a fixing device. Thus,
a rotating movement of the spindle device is easily transferred to the first instrument. The fixing
device may be, for example, a locking screw. For example, the spindle device is configured at
least substantially as a hollow cylinder. The at least one thread is preferably arranged on an outer
circumferential surface of the hollow body, in particular of the hollow cylinder.

In a preferred embodiment of the invention, the spindle device has two preferably counter-rotating
threads.

In a particularly preferred further embodiment, the first holding means and/or the second holding
means has a guide member which can be guided in the at least one thread.

The spindle and the guide member are preferably configured to be self-locking, so that movement
does not occur without an external force influence.

The guide member can be, for example, a pin or a ball body. If ball bodies were used, a ball screw
would be conceivable.

By means of two counter-rotating threads, it is possible simply and precisely to transmit both a
rotary motion and a translatory motion via the spindle. For this purpose, the first holding means,
for example by means of its guide member, is in operative connection with one thread and the
second holding means, for example by means of its guide member, with the other thread. If the
two holding means are moved in different directions, for example by moving only one of the
holding means, this causes the spindle to rotate. |f the two holding means are moved in parallel,
i.e. at the same speed in the same direction, this causes translation of the spindle without rotation.
Thus, the double-threaded spindle according to the invention serves to transmit both rotational
and translational movements in an uncomplicated manner by means of fewer components. As an
alternative to two counter-rotating threads, two co-rotating threads can also be used. In this case,

the threads can have different pitches.
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According to an advantageous further development of the invention, the spindle device and the
holding means are configured as disposable articles. As disposable articles, sterile articles for
medical applications can be easily provided with maximum freedom from contamination.

A particularly advantageous embodiment of the present invention provides that the motors each
comprise fastening means for releasably fastening the respective holding means.

Thus, the first motor has a first fastening means for releasably fastening the first holding means,
the second motor has a second fastening means for releasably fastening the second holding means,
and optionally the third motor has a third fastening means for releasably fastening the third
holding means. Of course, this also applies to any additional motor.

Due to the releasable fastening, the holding means can be easily separated from the motor at a
later time and then disposed of, for example. For example, the releasable fastening means may be
a latching means or a clipping means. Such fastening means can in particular also be released
quickly and without the aid of a tool.

According to an advantageous further development of the invention, the fastening means each
comprise a fastening unit for interacting with a complementarily shaped counter unit of the
respective holding means.

The fastening unit is, for example, a receptacle for interacting with a complementarily shaped
body of the holding means as a counter unit. In this way, a particularly simple and secure, in
particular form-fitting fastening of the holding means to the fastening means is achieved.

A further embodiment of the present invention provides that the fastening unit and the counter
unit have rounded corners and edges, so that they are suitable for non-destructive clamping of a
sterile film surrounding at least the motors.

This allows a sterile film to be positioned between the holding means, the instruments, and
optionally the spindle on one side and the remaining part of the instrument advancing apparatus
on the other side. Thus, the remaining part of the instrument advancing apparatus can be easily
separated in a sterile manner by means of the foil. The parts arranged outside the foil, i.e. the
holding means, the instruments and optionally the spindle are either easy to sterilize or at least
partially configured as disposable articles. In particular, the configuration as disposables, in
combination with the film, results in a particularly safe and reliable sterile concept. All more
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expensive components, such as motors, axis bodies or, for example, the control system, are
located behind the sterile film or cover. The few and simply designed disposable items can be
manufactured inexpensively, exchanged and fastened to the fastening means with the sterile film
in between.

According to an advantageous further development of the invention, the first instrument and/or
the second instrument are medical instruments.

The advantages according to the invention can be used particularly well in connection with
medical instruments. Such medical instruments may be diagnostic instruments as well as
therapeutic instruments. For example, they may be an imaging instrument, a radiation therapy
instrument, a drug delivery system, or a surgical instrument. If the medical instruments are used
together with an X-ray apparatus, preferably all components located in the X-ray beam are made
of plastic.

In another advantageous embodiment of the invention, the first instrument is a needle-shaped
instrument and the second instrument is a tubular instrument, wherein the first instrument can be
passed through the second instrument.

By means of the tubular instrument, the needle-shaped instrument can be safely guided into a
body cavity of a patient. The needle-shaped instrument may be, for example, a puncture needle,
injection needle, or probe. The tubular instrument may be, for example, a trocar. The tubular
instrument and the needle-shaped instrument may be configured to be rigid or flexible. If both
instruments or at least the needle-shaped instrument are configured to be flexible, arcuate
movement of the two elements or at least the needle-shaped instrument is possible. For this
purpose, the corresponding instrument has an obliquely shaped, curved or angulable leading end.
Due to a radial force acting on the leading end during movement, the leading end deviates from a
linear movement path to an arcuate movement path. In a preferred embodiment, the tubular
instrument is flexible. This allows the tubular instrument to follow movements, such as respiratory
movements, of a patient, and the needle-shaped instrument to be simultaneously deployed with
positional accuracy at a predetermined point on the patient.

In a particularly preferred embodiment of the invention, the guide device comprises an instrument
stabilizing device for stabilizing a leading end of the first instrument and or the second instrument.
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In this case, the instrument stabilizing device is preferably located close to the patient's skin entry
point, allowing the instruments to be guided close to the patient. This can further increase
precision.

In another advantageous embodiment of the invention, the instrument advancing apparatus
comprises at least one first position sensor arranged on the first motor and at least one second
position sensor arranged on the second motor.

By means of the at least two position sensors, the relative movements of the motors with respect
to each other and thus of the instruments can be measured. The sensors may, for example, be Hall
sensors, magnets, optical markers or RFID chips. Furthermore, it is conceivable that further
sensors are arranged on the instrument advancing apparatus which, for example, measure
deformation of the instruments. In particular, strain gauges can be arranged on the instrument
advancing apparatus for this purpose. Furthermore, gyro sensors may also be provided.

Furthermore, it is the object of the present invention to specify a use of a component, in particular
a spindle device, in an instrument advancing apparatus, by means of which it is also possible to
eliminate the disadvantages of the prior art.

This object is solved by means of a use according to independent claim 15.

The solution according to the invention consists in particular in providing the use of a spindle
device, in particular with double thread, in an instrument advancing apparatus, namely for
converting a translatory movement of a holding means of the instrument advancing apparatus into
a rotary movement in such a way that by means of the spindle device an instrument, in particular
a medical instrument, can be rotated.

The instrument advancing apparatus is preferably one of the instrument advancing apparatuses
described above. Thus, the aspects and advantages already described in connection with the
individual instrument advancing apparatuses are equally valid and transferable to the use and are
not repeated individually here.

Preferably, the spindle device is configured to interact with the first holding means and the second
holding means. In this way, the range of movement of the instrument connected to the spindle
device can be increased.
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Further preferably, the spindle device is configured as a hollow body having at least one thread,
preferably two threads, wherein the first instrument can be arranged and fixed in a cavity of the
hollow body. The at least one thread is preferably arranged on an outer circumferential surface of
the hollow body, which is designed in particular as a hollow cylinder.

In a preferred embodiment of the invention, the hollow body has two counter-rotating threads,
wherein the first holding means can be guided in one of the threads by means of a guide member
and the second holding means can be guided in the other thread by means of a further guide
member.

As already described, it can be easily implemented in such a way that the spindle transmits both
a rotary motion and a translatory motion to the instrument.

In this regard, the spindle device constitutes an independent inventive subject matter.

The instrument advancing apparatus is suitable for a wide variety of applications. For example,
the instrument advancing apparatus can be fastened directly to a positioning arm, in particular a
positioning arm as described in DE 20 2020 107 591 U1. Alternatively, the positioning device
can be fastened indirectly to the positioning arm. In this case, a fine positioning device, such as
known from US 2021 001 556 4 Al, can be arranged between the positioning arm and the
instrument advancing apparatus. Further alternatively, the instrument advancing apparatus may
be used only with the fine positioning apparatus and without a positioning arm. In principle, the
instrument advancing apparatus is not limited to any of the applications shown herein, but may
be used in other environments and with connectors.

An independent inventive subject matter is provided by a force conversion device for an
instrument advancing device. The force conversion device comprises: a spindle device having at
least one thread; and at least one, preferably two, guide members guidable in the at least one
thread and configured to be connectable or connected to a motor, in particular a linear motor.

Preferably, the spindle device is one of the spindle devices described above, so that all aspects are
transferable here. In particular, the spindle device has two counter-rotating threads. Preferably,
the guide member is one of the guide members described above, so that all aspects are transferable
here as well. The linear motor may, for example, be a stepper motor or piezo motor.
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Another independent inventive subject matter is provided by a sterile instrument holding device.
The sterile instrument holding device has a plurality of disposable articles and a plurality of
reusable articles configured to be separable from each other by means of a sterile film, wherein
at least some of the reusable articles have fastening units having rounded corners and edges, and
at least some of the disposable articles have counter units having rounded corners and edges that
are releasably engageable with the fastening units.

This allows the sterile film to be disposed non-destructively for separation between the disposable
articles and the reusable articles. The instrument holding device may be one of the aforementioned
instrument advancing devices, so that all aspects are transferable here. The disposable articles and
the reusable articles may be any of the aforementioned components. In particular, the disposable
articles may be holding means, instruments or the spindle. The reusable items may be the
remaining part of the instrument advancing apparatus, in particular the motors and axis bodies.

Thus, all of the more expensive components, such as motors, axis bodies or, for example, the
control system, can be located behind the sterile film or cover. The few and simply designed
disposable items can be manufactured inexpensively, replaced and fastened to the fastening means
with the sterile film interposed.

A further independent inventive subject matter relates to a measuring system for monitoring an
instrument advancing device. In this regard, the measuring system may comprise at least one first
position sensor arranged on a first motor and at least one second position sensor arranged on a
second motor, wherein the first motor is connected or connectable to a first holding means for
holding and/or moving a first instrument, and wherein the second motor is connected or
connectable to a second holding means for holding and/or moving the first instrument or a second
instrument.

The instrument advancing device may be one of the aforementioned instrument advancing
devices, so that all aspects are transferable here.

By means of the at least two position sensors, the relative movements of the motors with respect
to each other and thus of the instruments can be measured. The sensors may be Hall sensors,
magnets, optical markers or RFID chips, for example. Furthermore, it is conceivable that further
sensors are arranged on the instrument advancing apparatus which, for example, measure
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deformation of the instruments. In particular, strain gauges can be arranged on the instrument

advancing apparatus for this purpose. Furthermore, gyro sensors may also be provided.

The sensors may in particular be optical markers that can be detected by means of a camera. The

camera can be configured as an inside-out system or as an outside-in system.

Further advantageous embodiments and combinations of features of the invention result from the

following detailed description and the entirety of the patent claims.

Brief description of the drawings

The drawings used to explain the embodiments show:

Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. 6

Fig. 7

Fig. 8

a perspective view of an instrument advancing apparatus according to the
invention, which is attached to a positioning arm for treating a patient;

a perspective view of an instrument advancing apparatus according to the
invention in a dual motor design;

a perspective view of an instrument advancing apparatus according to the
invention in a three-motor design;

a perspective view of an instrument advancing apparatus in a single motor design;

a perspective view of an instrument advancing apparatus according to the
invention from the rear;

a perspective view of the instrument advancing apparatus according to the
invention mounted on a fine positioning device, wherein the fine positioning
device is mounted on a positioning arm;

a perspective view of the instrument advancing apparatus according to the
invention, which is directly attachable to a positioning arm;

a perspective view of another instrument advancing apparatus according to the
invention with forceps as the first instrument;
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

11

12 a

16

17

17

a perspective view of a further instrument advancing apparatus according to the
invention with an injection needle as the first instrument.

a perspective view of an instrument advancing apparatus according to the
invention with a third motor in a lower position;

a perspective view of an instrument advancing apparatus according to the
invention with a third motor in an upper position;

perspective view of an instrument advancing apparatus according to the invention
with a first and second motor in a spaced apart position;

a perspective view of an instrument advancing apparatus according to the
invention, with a first and a second motor in a close together position;

a perspective view of an instrument advancing apparatus according to the
invention with a first, second and third motor in an upper position;

a perspective view of an instrument advancing apparatus according to the
invention with a first, second and third motor in a lower position;

a detailed view of the first motor on the first axis body;

a detail view of a spindle device of an instrument advancing apparatus according
to the invention;

a detailed view of a spindle device of an instrument advancing apparatus
according to the invention with holding means shown in section;

a perspective view of an instrument advancing apparatus according to the
invention with holding means separate from the instrument advancing apparatus
and a sterile film;

a perspective view of an instrument advancing apparatus according to the
invention with holding means separate from the instrument advancing apparatus
and without sterile foil; and
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Fig. 21 a perspective view of an instrument advancing apparatus according to the
invention with a sensor system.

Generally, the same parts are provided with the same reference signs in the figures.

Implementation of the invention

Fig. 1 shows a perspective view of an instrument advancing apparatus 100 according to the
invention for advancing a first instrument 210 when treating a patient 300. Exemplarily, the
instrument advancing apparatus 100 is attached to a positioning arm 400, the arm elements of
which - as described in detail in DE 20 2020 107 591 U1 - are configured in a pincer-like manner
and the three joints of which can be centrally locked or released by means of a rotary handle

engaging the central joint.

Fig. 2 shows a perspective view of the instrument advancing apparatus 100 according to the
invention in a dual-motor embodiment. In the embodiment shown, the instrument advancing
apparatus 100 is attached to a fine positioning apparatus 500, as an example.

The instrument advancing apparatus 100 shown in Fig. 2 is configured to translationally and/or
rotationally drive the first instrument 210. Here, the first instrument 210 is exemplarily a probe
having a probe head at a leading end 211.

The instrument advancing apparatus 100 comprises a guide device 110 having a first axis body
111 and a second axis body 112. Both axis bodies 111 and 112 extend in a translational driving
direction of the first instrument 210.

A motor 120, 130 is arranged on each of the two axis bodies 111 and 112. More specifically, a
first motor 120 is arranged on the first axis body 111 to be movable relative to the first axis body
111, and a second motor 130 is arranged on the second axis body 112 to be movable relative to
the second axis body 112.

The first motor 120 is connected to a first holding means 125 for holding and/or moving the first
instrument 210. The second motor 130 is connected to a second holding means 135 for holding
and/or moving the first instrument 210. As can be further seen in Fig. 2, both the first holding
means 125 and the second holding means 135 are connected to a spindle device 150. Thus, by
moving the motors 120 and 130, it is possible not only to move the first instrument 210 in a
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translational direction, but also to move it in a rotational direction. The movement sequence of
each motor will be described in more detail later with reference to Figures 8-14.

An instrument stabilizing device 115 for stabilizing a leading end of the first instrument 210 is
disposed at a leading end of the guide device 110. Thus, the first instrument 210 can be stabilized
close to a skin entry point of the patient 300.

Fig. 3 shows a perspective view of the instrument advancing apparatus 100 of the invention in a
three-motor embodiment. In the embodiment shown, the instrument advancing apparatus 100 is
again exemplarily attached to a fine positioning apparatus 500.

Unlike the instrument advancing apparatus 100 shown in Fig. 2, the instrument advancing
apparatus 100 shown in Fig. 3 drives a first instrument 210 and a second instrument 220. The first
instrument 210 is a needle-shaped instrument 210a and the second instrument 220 is a tube-shaped
instrument 220a. The needle-shaped instrument 210a is guided within the tube-shaped instrument
220a to be securely insertable into a body cavity of a patient 300. The needle-shaped instrument
210a exits a leading end 221 of the tubular instrument 220b.

[n turn, the guide device 110 includes two axis bodies 111 and 112 and the instrument stabilizing
device 115. The two motors 120 and 130 are used to move the first, tubular, instrument 210a. In
this regard, the two holding means 125 and 135 are again connected to the spindle device 150 so
that the tubular instrument 210a can be driven translationally and rotationally.

In addition to the embodiment shown in Fig. 2, the guide device 110 shown in Fig. 3 has a third
motor 140. The third motor 140 is configured to be movable on and relative to the first axis body
111. However, it would also be conceivable for this to be arranged on the second axis body 112
or another axis body not shown.

The third motor 140 is configured with a third holding means 145 for holding and moving the
second, tubular, instrument 220a. Thus, the second instrument 220 can be moved independently
of the first instrument 210.

Fig. 4 shows a perspective view of the instrument advancing apparatus 100 in a single motor
version. Here, the guide device 110 comprises only the first axis body 111 and the first motor
120, which is movable along the first axis body 111. Accordingly, only a first instrument 210 is
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fastened to the first motor 110 by means of the first holding means 125. Again, the instrument
stabilizing device 115 is arranged to stabilize the first instrument 210.

Fig. 5 shows a perspective view of the instrument advancing apparatus 100 according to the
invention from a rear view. Here, further exemplary details of the instrument advancing apparatus
100 can be seen. For example, the instrument advancing apparatus 100 may include an
accumulator 181 to provide power to at least the motors 120, 130 and 140. Further, the instrument
advancing apparatus 100 may include a receiver 182 by means of which the motors 120, 130, and
140 are configured to be operable wirelessly. In Fig. 5, the accumulator 181 and the receiver 182
are exemplarily arranged on the fine positioning device 500 by omitting a cover arranged on the
housing thereof. Therefore, cables 129, 139, and 149 are configured toward the first, second, and
third motors 120, 130, and 140, respectively. For example, the accumulator 181 and/or the
receiver 182 could also be arranged on the guide device 110. Then, accordingly, an embodiment
with fewer or no cables would be conceivable.

Fig. 6 and Fig. 7 show perspective views of the instrument advancing apparatus 100 according to
the invention in various installation situations. In Fig. 6, the instrument advancing apparatus 100
is attached to the fine positioning device 500. The fine positioning device 500, in turn, is
exemplarily attached to the positioning arm 400, the three joints of which can be centrally locked
or released by means of a ratchet engaging the middle joint. In Fig. 7, on the other hand, the
instrument advancing apparatus 100 is directly attachable to the positioning arm 400. For this
purpose, the instrument advancing apparatus 100 has, by way of example, two fastening elements
119. The two fastening elements 119 are configured in the form of pins and can be inserted into
corresponding recesses of an adapter on the positioning arm 400.

Figures 8 and 9 show perspective views of different instrument advancing apparatuses 100
according to the invention, which differ in particular by their instruments. In Fig. 8, the first
instrument 210 is forceps and in Fig. 9, the first instrument 210 is an injection needle. It is also
apparent in Figs. 8 and 9 that, depending on the application, the third motor 140 may be arranged
above (Fig. 8) or below (Fig.9) the other two motors 120 and 130.

Figures 10 to 15 show perspective views of instrument advancing apparatuses 100 according to
the invention with their motors 120, 130 and 140 in different positions. By means of these figures,
the movements of the motors 120, 130 and 140 can be shown particularly well.
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In Fig. 10, the third motor 140 that moves the tubular instrument 220a is in a lower position.
When the third motor 140 is moved upward along the first axis body 111, the tubular instrument
220a moves upward together with the third motor 140. For example, the leading end 211 of the
needle-shaped instrument 210a can be exposed. The upward position of the third motor 140 is
shown in Fig. 11. The motors 120 and 130 are not moved from Fig. 10 to Fig. 11.

In the perspective views of the instrument advancing apparatus 100 according to the invention
shown in Figs. 12 and 13, the rotating movement of the first instrument 210 is shown. For this
purpose, the first motor 120 and the second motor 130 move towards each other from their spaced
apart position in Fig. 12 to their close together position in Fig. 13. The first holding means 125
and the second holding means 135 are operatively connected to the spindle 150. If the two holding
means 125 and 135 are moved in different directions, as subsequently shown in Fig. 12 and Fig.
13, this causes rotation of the spindle 150, which in turn causes rotation of the first instrument
210. Moving only one of the motors 120 and 130 would also cause such rotation of the first
instrument 210. The third motor 140 does not move from Fig. 12 to Fig. 13.

Figures 14 and 15 show simultaneous movement of all three motors 120, 130 and 140. Here,
motors 120, 130, and 140 are in an upper position in Fig. 14. When the motors 120, 130 and 140
are moved downward, they are in the lower position shown in Fig. 15. In this case, the first
instrument 210 and the second instrument 220 are moved down together.

Fig. 16 shows a detailed view of the first motor 120 without a housing on the first axis body 111.
In particular, the first motor 120 is configured to move along the axis body 111. For this purpose,
the axis body 111 is inserted through the motor 120 or the first motor 120 is arranged around the
axis body 111 so that the axis body 111 protrudes from an upper side of the first motor 120 and
from a lower side of the first motor 120. As shown, the axis body 111 is preferably configured as
a square axis. Sensors may be configured along the axis body 111 to determine the position of the
motor 120 relative to the axis body 111, or vice versa. The first motor 120 is preferably a
piezomotor, the operation of which is shown in detail on the website
https://piezomotor.com/ftechnology/ or in the youtube film that can be viewed there
https://www.youtube.com/watch?v=7iHL4ZCk CK c&t=18s.

Figs. 17 and 18 show detailed views of the spindle device 150 with (Fig. 17) and without (Fig.
18) holding means 125, 135. The spindle device 150 is configured as a hollow body, in particular
a hollow cylinder, with a cavity 153 in which the first instrument 210 can be arranged and fixed.
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For fixing the first instrument 210, a fixing device 155 can be used, as shown in Fig. 18. The
fixing device 155 is configured, for example, as a fixing screw and is fastened in a threaded hole
154.

The spindle device 150 has two threads 151 and 152. In this case, one thread 151 is configured in
an upper region, in particular an upper half, of the spindle device 150 and the other thread 152 is
configured in a lower region, in particular a lower half, of the spindle device 150. The two threads
151 and 152 are configured to be counter-rotating.

As can be seen in Fig. 18, the first holding means 125 has a guide member 126 and the second
holding means 135 has another guide member 136. Here, the guide member 126 is guided in the
thread 151 and the other guide member 136 is guided in the other thread 152. As can be seen in
Fig. 18, the guide members 126, 136 can be configured in the shape of a pin. Particularly
preferably, as shown in Fig. 18, each of the holding means 125, 135 has two opposite, in particular
pin-shaped, guide members 126, 136, between which the spindle device 150 is arranged.

By means of the two counter-rotating threads 151, 152, it is easily possible to transmit both a
rotary motion and a translatory motion through the spindle device 150. If the two holding means
125 and 135 are moved in different directions, the spindle device 150 rotates. If the two holding
means 125, 135 are moved at the same speed in the same direction, the spindle device 150 does
not rotate but moves translationally.

Fig. 19 shows a perspective view of the instrument advancing apparatus 100 according to the
invention with holding means 125, 135, 145 separate from the instrument advancing apparatus
100, with instrument stabilizing means 115 separate from the instrument advancing apparatus
100, with spindle 150 separate from the instrument advancing apparatus 100, and with instruments
210 and 220 separate from the instrument advancing apparatus 100. The elements separate from
the instrument advancing apparatus 100, in particular the spindle device 150 and the holding
means 125, 135 and 145, are preferably configured as disposables.

Between the separated elements, in particular the spindle device 150 and the holding means 125,
135 and 145, on one side and the remaining part of the instrument advancing apparatus 100, in
particular the motors 120, 130 and 140, on the other side, a sterile foil 160 is arrangeable. Thus,
the remaining part of the instrument advancing apparatus 100 can be easily separated in a sterile
manner by means of the foil 160. When the parts arranged outside the foil 160 are configured as
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disposable, a simple sterile concept can be achieved. All more expensive components, such as
motors 120, 130 and 140, axis bodies 111, 112 or, for example, a controller are arranged behind
the sterile film 160.

To ensure non-destructive clamping of the sterile film 160, both the holding means 125, 135 and
145 and the motors 120, 125 and 135 are configured accordingly. This is illustrated in more detail
with reference to Fig. 19 and Fig. 20, in particular using the first motor 120 as an example.

Each motor 120, 130, 140 has a first part of a fastening means 121, 131, 141, namely a fastening
unit 122, 132, 142 for releasably fastening the respective holding means 125, 135, 145. As can be
seen in Fig. 19, the fastening unit 122 may be configured as part of a housing 123 of the motor
120. This is true for each of the motors 120, 130 and 140.

The fastening units 122, 132 and 142 are configured to interact with complementary shaped
counter units 127, 137 and 147 configured as a second part of the fastening means 121, 131, 141.
These counter units 127, 137 and 147 are arranged on the holding means 125, 135 and 145 and
are well seen in Fig. 20.

In this example, the fastening unit 122, 132 and 142 is a receptacle. The counter unit 127, 137
and 147 are shaped bodies complementary to the respective fastening unit 122, 132 and 142.
Representative of all fastening units 122, 132 and 142, fastening unit 122 is adapted to receive
counter unit 127. For this purpose, the counter unit 127 is configured to slide into the fastening
unit 122 from one side, in this case from above. A push button 124 can act as a latching means to
ensure secure retention of the counter unit 127 in the fastening unit 122. By actuating the push
button 124, the counter unit 127 can be easily released from the fastening unit 122 again.
Preferably, the fastening units 122, 132 and 142 are all configured in the same way. Thus, all
counter units 127, 137 and 147 are also preferably configured the same. In this way, costs can be
saved by using identical parts. As can be seen in Figs. 19 and 20, the instrument stabilizing device
115 can also be fastened to the guide device 110 by means of a corresponding fastening means
116. The fastening means 116 is here preferably constructed in the same way as the fastening
means 121, 131, 141 described above.

As can be seen on closer look at the fastening means 121, 131, 141 and 116, the respective
fastening units 122, 132, 142 and counter units 127, 137 and 147 have rounded corners and edges
161. This is exemplified in Fig. 20 in the case of counter unit 127. This allows the sterile film 160
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to be clamped non-destructively between the fastening units 122, 132, 142 and the counter units
127,137 and 147.

Fig. 21 shows a perspective view of the instrument advancing apparatus 100 according to the
invention with a sensor system. Preferably, a sensor 171, 172 and 173 is assigned to each motor
120, 130 and 140. In particular, a first sensor 171 is arranged at the first motor 120, a second
sensor 172 is arranged at the second motor 130, and a third sensor 173 is arranged at the third
motor 140. The sensors 171, 172, 173 shown are exemplary optical markers that can be detected
by means of a camera 175. In particular, the sensor system is an inside-out system in which the
camera 175 observes from within the system. Alternatively, an outside-in approach would also be
conceivable, in which the camera 175 is arranged outside the system and observes the system
from outside.

In particular, the camera 175 can be used to detect the relative positions and thus the movements
of the motors 120, 130 and 140 with respect to each other. The embodiment using camera 175
and optical markers is purely exemplary. Alternatively, the sensors 171, 172, 173 could be Hall
sensors and magnets or RFID chips, for example.

Particularly preferably, the sensor system is configured redundantly, i.e. comprises a second
sensor arrangement in addition to the first sensor arrangement shown. The second sensor
arrangement is furthermore preferably based on a principle different from the first sensor
arrangement. For example, the second sensor arrangement may be Hall sensors and magnets or
RFID chips.

It should be noted that the features of the invention described with reference to individual
embodiments or variants, such as the type and design of the individual components and their
precise dimensioning and spatial arrangement, may also be present in other embodiments, except
where otherwise indicated or where it is self-evident for technical reasons. Moreover, of such
features of individual embodiments described in combination, not necessarily all features must
always be realized in a respective embodiment.
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Claims

1.

An instrument advancing apparatus (100) for translationally and/or rotationally driving at
least one first instrument (210), the instrument advancing apparatus (100) comprising:

a guide device (110) having at least one first axis body (111) extending in a translational
driving direction of the at least one first instrument (210);

at least one first motor (120) configured to be motor-driven along the first axis body (111);
and

at least one second motor (130) configured to be motor-driven along the first axis body (111)
or along a second axis body (112) of the guide device (110), the second axis body (112)
being aligned parallel to the first axis body (111),

wherein the first motor (120) is connected or connectable to a first holding means (125) for
holding and/or moving the first instrument (210), and

wherein the second motor (130) is connected or connectable to a second holding means (135)
for holding and/or moving the first instrument (210) or a second instrument (220).

The instrument advancing apparatus (100) according to claim 1,

characterized in that the instrument advancing apparatus (100) comprises at least a third
motor (140) configured to be motor-driven along the first axis body (111), along the second
axis body (112), or along a third axis body of the guide device (110), the third axis body
being aligned parallel to the first axis body (111) and the second axis body (112).

The instrument advancing apparatus (100) according to claim 2,

characterized in that the third motor (140) comprises a third holding means (145) for holding
and/or moving the first instrument (210) or the second instrument (220).
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The instrument advancing apparatus (100) according to any one of the preceding claims,

characterized in that the motors (120, 130, 140) are configured as piezo motors.

The instrument advancing apparatus (100) according to any one of the preceding claims,

characterized in that the instrument advancing apparatus (100) comprises a spindle device
(150) for rotationally moving the first instrument (210), the spindle device (150) being
operatively connected to at least one of the holding means (125, 135, 145).

The instrument advancing apparatus (100) according to claim 5,

characterized in that the spindle device (150) is configured to interact with the first holding
means (125) and the second holding means (135).

The instrument advancing apparatus (100) according to claim 5 or 6,

characterized in that the spindle device (150) is configured as a hollow body and has at least
onethread (151, 152), wherein the first instrument (210) can be arranged and fixed in a cavity
(153) of the hollow body.

The instrument advancing apparatus (100) according to at least one of claims 5to 7,

wherein the spindle device (150) has two, in particular counter-rotating, threads (151, 152).

The instrument advancing apparatus (100) according to claim 7 or 8,

characterized in that the first holding means (125) and/or the second holding means (135)
has a guide member (126, 136) which can be guided in the at least one thread (151, 152).
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The instrument advancing apparatus (100) according to any one of the preceding claims,

characterized in that the motors (120, 130, 140) each comprise fastening means (121, 131,
141) for releasably fastening the respective holding means (125, 135, 145).

The instrument advancing apparatus (100) according to claim 10,

characterized in that the fastening means (121, 131, 141) each comprise a fastening unit (122,
132, 142) for interacting with a complementarily shaped counter unit (127, 137, 147) of the
respective holding means (125, 135, 145).

The instrument advancing apparatus (100) according to any one of the preceding claims,

characterized in that the first instrument (210) and/or the second instrument (220) are medical
instruments (210a, 220a).

The instrument advancing apparatus (100) according to any one of the preceding claims,

characterized in that the first instrument (210) is a needle-shaped instrument (210a) and the
second instrument (220) is a tube-shaped instrument (220a), wherein the first instrument
(210) can be passed through the second instrument (220).

The instrument advancing apparatus (100) according to any one of the preceding claims,

characterized in that the guide device (110) comprises an instrument stabilizing device (115)
for stabilizing a leading end (211, 221) of the first instrument (210) and or the second
instrument (220).
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15. The use of a double-threaded spindle device (150), in an instrument advancing apparatus
(100),

for converting a translatory movement of a holding means (125, 135, 145) of the instrument
advancing apparatus (100) into a rotary movement in such a way that an instrument (210,

5 220), in particular a medical instrument (210a, 220a), can be rotated by means of the spindle
device (150).

CA 03219166 2023-11-15
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Abstract

The invention relates to an instrument advancing apparatus (100) for translationally and/or
rotationally driving at least one first instrument (210), the instrument advancing apparatus (100)
comprising: a guide device (110) having at least one first axis body (111) extending in a
translational driving direction of the at least one first instrument (210); at least one first motor
(120) configured to be motor-driven along the first axis body (111); and at least one second motor
(130) being motor-driven along said first axis body (111) or along a second axis body (112) which
is aligned parallel to said first axis body (111), wherein said first motor (120) is connected or
connectable to a first holding means (125) for holding and/or moving said first instrument (210),
and wherein said second motor (130) is connected or connectable to a second holding means (135)
for holding and/or moving said first instrument (210) or a second instrument (220).

Furthermore, the invention relates to the use of a spindle device (150) with double threads, in an
instrument advancing apparatus (100).

(Fig. 3)
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