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INJECTION DEVICE AND A REUSABLE PART THEREFOR

This invention relates to injection devices.

Injection devices are devices that are suitable for administering an injection solution into a
human or animal body.

In terms of this invention, injection devices are preferably devices that have a syringe and
an injection needle that is coupled in a fluidic manner to the syringe, also called a cannu-
la, which can be inserted into the body, in particular into the tissue and/or vessels thereof,
and by means of which the injection solution can be administered through the cannula in-
to the body.

In terms of this invention, in general an at least essentially liquid substance that can be in-
jected is defined as an injection solution. In terms of this invention, the term “injection so-
lution” is preferably to be defined broadly and also covers suspensions and other liquid
substances that are suitable for injection and, preferably, contain a pharmaceutically ef-
fective active ingredient.

This invention relates in particular to injection devices in the form of so-called auto-
injectors. In terms of this invention, auto-injectors are preferably injection devices for in-
jection of an injection solution into a human or animal body, which bring about the injec-
tion of the injection solution automatically or semi-automatically by means of an automa-
tism. In particular, a trigger mechanism is provided that triggers the automatic injection
when activated by having an auto-injector be placed on a body part, by actuating a trig-
ger, or the like.

By triggering an auto-injector, the injection solution is dispensed fully- or semi-
automatically and can thus be inserted fully- or semi-automatically into the body. In par-
ticular, both an insertion of an injection needle and a subsequent dispensing of the injec-
tion solution through the injection needle into the body can be carried out fully- or semi-
automatically. Preferably, the auto-injector can be put ahead of time into a trigger-ready
state or has to be moved in this state, so that the triggering can take place. This can be
done by removing a mechanical safety device such as a protective cap or in another way.

Examples of auto-injectors and possible designs of a trigger mechanism that make the
described triggering possible are described in EP 2 745 866 B1 and EP 3 590 568 A1.
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In addition, this invention preferably relates to injection devices that have a single-use part
for dispensing the injection solution or form the latter. In terms of this invention, a single-
use part, also called a disposable part, is preferably a system that is designed for only
one-time, non-permanent use or cannot be filled up without use of force and/or cannot be
used multiple times.

The single-use part is preferably an auto-injector. In particular, in terms of this invention,
the single-use part is an auto-injector that is designed for one-time use or as a disposable
part. In particular, the auto-injector contains a syringe that cannot be filled up.

In addition, this invention relates to those injection devices in which a sensor for acquiring
a signal is provided, with which an indicator can be determined that represents a state of
the single-use part that is associated with the injection and/or a change in state of the sin-
gle-use part in a process for dispensing the injection solution with the single-use part.

The sensor is preferably designed and/or arranged for direct or indirect acquisition of a fill
level of the injection solution.

In terms of this invention, preferably a system that directly acquires the signal or is de-
signed to do so is referred to as a sensor. In particular, in terms of this invention, the sen-
sor is (only) one or more electrically merely passive system(s), in particular formed by one
or more electrodes, coil windings, one or more lighting outlets and/or inlets, Hall probes,
and/or other passive electrical components for acquiring the signal.

WO 2017/050781 A1 relates to a supplementary device in the form of an overhousing, in-
to which an auto-injector with a dispensing device can be inserted and which has a ca-
pacitive sensor. The sensor has opposite plate electrodes, between which the dispensing
device is arranged in the form of a syringe, which forms a part of a dielectric layer of the
capacitive sensor, so that the dispensing of the contents of the dispensing device can be
detected. As an alternative, a Hall sensor is described, with which magnetic fields of the
moving parts of the dispensing device can be detected.

The supplementary device according to the state of the art must encompass the housing
of the auto-injector, so that the sensor of the supplementary device can be influenced by
the dispensing device. The resulting combination that consists of the supplementary de-
vice and the auto-injector, thus, is bulky and therefore has proven to be impractical.
Moreover, the user has to exercise special care when arranging the supplementary de-
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vice around the auto-injector in order to ensure the correct position of the housing and au-
to-injector with respect to one another and consequently to avoid measuring errors. The
long distance between the sensor and the dispensing device based on this design creates
greater susceptibility to interference due to possible introduction of disturbances such as
noise. Finally, the sensor in the supplementary device may be subject to wear and tear
when it has to be pushed along a short distance from the auto-injector in order to be able
to influence the dispensing device in its position of use.

An obiject of this invention is therefore to indicate a solution in which a state or a change
in state of an injection device can be detected, wherein the injection device is more com-
pact and/or the detection is more reliable.

This object is achieved by an injection device according to Claim 1 or a reusable part for
this purpose according to Claim 15. Advantageous further developments are the subject
matter of the dependent claims.

According to a first aspect of this invention, the injection device has a multi-use reusable
part in addition to the single-use part.

In terms of this invention, a reusable part preferably can be used multiple times in such a
way that it can be coupled in succession to multiple, different single-use parts and in each
case can serve its function, in particular can receive and/or evaluate the signal from the
respective single-use part.

The reusable part has electronics. In terms of this invention, electronics are preferably a
component that has an electric circuit, an (off-grid) power supply — in particular a battery,
a storage battery, or a condenser — a processor, a storage device, and/or an output sys-
tem for issuing an output, in particular a result of the evaluation of the signal that prefera-
bly originates from the single-use part or the sensor thereof.

Alternatively or additionally, the reusable part can have one or more sensors. In particular,
the reusable part can have one or more sensors for direct or indirect acquisition of the
state or the change in state of the injection device, for supporting the acquisition of the
state or the change in state of the injection device by the sensor of the single-use part, for
verification of the acquisition of the state or the change in state of the injection device by
the sensor of the single-use part, and/or for a plausibility check of the acquisition of the
state or the change in state of the injection device by the sensor of the single-use part.
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The single-use part and the reusable part can be coupled to one another in such a way
that the single-use part and the reusable part are held to one another in a detachable
manner, and a signal connection is produced between the single-use part and the reusa-
ble part. The signal can be transferred from the single-use part to the reusable part via the
signal connection. By means of the signal, the indicator that represents the state that is
associated with the injection and/or the change in state of the single-use part in the pro-
cess of dispensing the injection solution with the single-use part can be determined.

The single-use part and the reusable part are preferably produced separately from one
another or can be separated from one another. The single-use part can preferably also be
used separately from the reusable part or without the reusable part, in particular as an au-
to-injector. The sensor is, however, preferably inoperable without the reusable part.

In terms of this invention, a state of the single-use part that is associated with the injection
is preferably a variable property that relates directly to the dispensing of the injection solu-
tion, in particular usability for injection, or a parameter or a piece of information that corre-
sponds in this respect via the dispensed or dispensable volume of the injection solution.

In terms of this invention, a change in state of the single-use part in the process for dis-
pensing the injection solution is preferably a property of the single-use part that changes
during the injection process, which property is characteristic of an injection process, for
example by a movement of the piston or another part due to the continuous injection or a
change or change in rate of the dispensed or dispensable volume of the injection solution
or a parameter that corresponds thereto.

Especially preferably, the indicator represents or is thus a piece of information regarding
the ability to dispense the injection solution and/or regarding the course of the dispensing
of the injection solution.

In an advantageous way, it is provided that the signal, with which the indicator can be de-
termined or which forms the indicator, can be transferred via the coupling between the
single-use part and the reusable part. In particular, it is provided that the signal is gener-
ated in the single-use part or with the single-use part and is transferred to the reusable
part, whereupon the reusable part can acquire and/or process the signal with the electron-
ics, so that preferably the indicator can be formed and even more preferably can be out-
put.
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In this aspect, the invention offers the advantage that the potentially valuable electronics
of the reusable part can be used multiple times, while the single-use part is set up to gen-
erate the signal in a reliable way.

Alternatively or additionally, it is not necessary and preferably not provided that the reus-
able part encompasses the single-use part in the area of the components that are instru-
mental for the injection in order to generate a signal with a sensor that is provided in the
reusable part. In particular, the reusable part is designed as an extension of the single-
use part. This allows for an extremely compact structural form.

The signal generation by the single-use part also has the advantage that a sensor that is
necessary for this purpose is or can be arranged in the single-use part in immediate prox-
imity to components involved in the dispensing of the injection solution, which improves
the quality, in particular the signal-to-noise ratio, of the signal and thus, in the case of its
evaluation, also the reliability of the indicator or the output.

According to another aspect of this invention, which can be realized independently, the
single-use part has a cylinder for taking up the injection solution and a piston that can
move in the cylinder for dispensing the injection solution.

In terms of this invention, a cylinder is preferably a part that forms a hollow cylinder,
wherein injection solution can be taken up in the hollow cylinder. The cylinder preferably
has an outlet through which the injection solution can be dispensed or is dispensed by
moving the piston in the direction of the outlet. In terms of this invention, a piston is pref-
erably a part that permanently rests snugly against the hollow cylinder inside wall that is
mounted to move in the hollow cylinder, so that its movement changes, in particular re-
duces, the volume of the hollow cylinder that is between the piston and an outlet of the
cylinder.

The combination of the cylinder with the piston is preferably a cylinder-piston unit, in par-
ticular a syringe. Accordingly, an injection needle (cannula) can be connected or is con-
nectable to the outlet of the cylinder. Also, a discharge of the injection solution through the
injection needle can be achieved by moving the piston in the cylinder.

The sensor is preferably arranged securely, permanently, inseparably, and/or immovably
on or relative to the cylinder.
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As a result of the sensor being provided as part of the single-use part securely, perma-
nently, inseparably, and/or immovably relative to the cylinder, and even more preferably
being arranged squarely, directly, or in any case directly adjacent to the cylinder, a signal
of good quality or with a low signal-to-noise ratio can be generated. As a result, the signal
enables an especially reliable determination of the indicator.

Also, corresponding to the nature of the single-use part, it is preferably provided that the
sensor or the part of the sensor that is integrated into the single-use part preferably se-
curely or inseparably from the latter is disposed of with the single-use part after use. This
offers the advantage that components that are subject to some wear and tear are ex-
changed when another single-use part is coupled to the reusable part.

The signal preferably corresponds to a position or movement of the piston that accompa-
nies the dispensing of the injection solution and that can be detected by the sensor, an-
other movement that accompanies the dispensing of the injection solution and that can be
detected with the sensor, and/or to a volume or a change in volume of the injection solu-
tion that can be detected with the sensor. In particular, the signal has corresponding in-
formation/signal parts.

While the single-use part preferably has the sensor that is designed and arranged for ac-
quiring the signal, the electronics for evaluating the signal and, even more preferably, also
an interface, an emitter, a detector, or the like for acquiring the signal (exclusively) are in-
tegrated into the reusable part or are formed by the reusable part.

In turn, the reusable part can preferably be used multiple times, so that the electronics in-
cluding some electronic components that are assigned to the sensor — such as an inter-
face, an emitter, a detector, or the like - can be used multiple times.

The reusable part can be made especially compact, for example as a housing extension.
The reusable part is preferably designed without - or without the necessity for - encom-
passing the single-use part and/or in such a way that the sensor is integrated into the sin-
gle-use part to be able to be coupled to the single-use part.

Moreover, it is especially preferred that the reusable part only, in particular slightly, ex-
tends beyond the single-use part. The reusable part can thus represent a (at least essen-
tially exclusive) housing extension of the single-use part. In particular, the reusable part
forms a housing extension for the housing of the single-use part, wherein the diameter
and/or peripheral surfaces of the single-use part and the reusable part in the area of a
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contact point between the single-use part and the reusable part deviates less than 30% or
20%, in particular less than 10% or 5%.

In this regard, the reusable part can have a circumferential wall, which aligns with a cir-
cumferential wall of the single-use part, when the single-use part and the reusable part
are coupled. This preferably has the effect that even in the case of a reusable part that is
coupled to the single-use part, the injection device - as a whole and in any case in the ar-
ea of the transition from the single-use part to the reusable part - forms or enables an at
least essentially continuous or interruption-free housing interface or silhouette.

Another aspect of this invention, which can also be realized independently, relates to an
injection device with the single-use part and a multi-use reusable part that has electronics,
wherein the single-use part and the reusable part can be coupled to one another, and the
reusable part has a reporting system for detecting the single-use part.

In terms of this invention, a reporting system is preferably a system for detecting a pres-
ence of a single-use part that is coupled or can be coupled to the reusable part and/or for
reading out information that is stored or can be stored on or at the single-use part, prefer-
ably identification, in particular an indicator that clearly identifies an individual or a group
such as a batch or a type of single-use parts.

In an aspect that can also be realized independently, this invention accordingly relates to
a system with one or more single-use parts, which in each case can have such infor-
mation, and at least one reusable part with a reporting device for reading out this infor-
mation in the event of, by, or after coupling with the respective single-use part.

The single-use part can have or can store the information for example in the form of an
RFID emitter, barcodes including QR codes and the like, and/or on an electronic storage
device, in particular a flash storage device.

The reporting device can be a reader for the information, preferably a wireless reader,
RFID reader, barcode reader, or the like.

Alternatively or additionally, the reporting device can be coupled with a (hard-wired) inter-
face to the single-use part and/or can be coupled to an interface for transferring the sig-
nal, and via this interface, the information can be read out from the single-use part or can
be designed to do so.
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Alternatively or additionally, the reporting device can detect and/or report the presence of
a single-use part, wherein an identification of the single-use part does not necessarily
have to take place. For this purpose, the reporting device can have or can form a position
sensor and/or approach sensor, a switch, an optical sensor, a Hall sensor, or the like, with
which an approach and/or coupling of the reusable part to a single-use part can be de-
tected.

Alternatively or additionally, the reporting device can detect a start-up, a beginning of an
application, a coupling of the single-use part to the reusable part, preferably by detection
of a relative movement of the single-use part to the reusable part and/or by detection of a
contact pressure of the single-use part on the reusable part or vice versa. For this pur-
pose, a movement in an axial direction can be possible or detectable in the single-use
part. In particular, the reusable part can move relative to the single-use part or the reusa-
ble part together or coupled to a part of the single-use part in the axial direction, and/or
such an axial movement or a pressure, in order to bring it about, can be detected by the
reporting device. A sensor for detecting the coupling, the relative movement, axial move-
ment, and/or the pressure can be provided in the reusable part, alternatively or additional-
ly, however, also in the single-use part.

The reusable part, in particular the reporting device, can be designed for detecting a use
of the injection device, in particular for detecting a triggering or a start of injection and op-
tionally for signaling or producing an output that represents the triggering or the start of in-
jection or is based thereon. The detection of the triggering or the start of injection can be
used or combined with the signal, with which the indicator can be determined. In particu-
lar, the signal is processed together with or with allowance for the detection of the trigger-
ing or the start of injection, or the indicator is determined in this respect.

The reporting device can be designed for switching the reusable part on and off. In partic-
ular, the reusable part is designed to switch the reusable part on when coupling with a
single-use part is detected or to switch the reporting device off when the loss of coupling
with the single-use part is detected. In this regard, the terms “switching on” or “switching
off” preferably cover the wakeup or activation from an energy-efficient mode (standby
mode).

Another aspect of this invention, which can also be realized independently, relates to a
reusable part for an injection device according to one of the preceding aspects. The reus-
able part can be used multiple times and has electronics. Also, the reusable part can be
coupled to the single-use part that has the sensor, so that the single-use part and the re-
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usable part are held to one another in a detachable manner, and the signal connection
between the single-use part and the reusable part is produced, via which the signal can
be transferred from the single-use part to the reusable part and can be evaluated by the
electronics of the single-use part. Alternatively or additionally, the reusable part has a re-
porting system for detecting the single-use part of the injection device.

Additional aspects, advantages, and properties of this invention follow from the claims
and from the description below of preferred embodiments based on the drawing. Here:

Fig. 1 shows a schematic view of an injection device according to the proposed
solution;

Fig. 2 shows a schematic longitudinal section of the injection device according to the
proposed solution;

Fig. 3 shows a sectional schematic view of the single-use part of the injection
device according to the proposed solution with a capacitive sensor;

Fig. 4 shows a sectional schematic view of the single-use part of the injection
device according to the proposed solution with an inductive sensor;

Fig. 5 shows a sectional schematic view of the single-use part of the injection
device according to the proposed solution with an optical sensor; and

Fig.6  shows a cutaway of an injection device according to the proposed solution with a
reusable part removed from the single-use part.

Below, reference numbers that are the same or that correspond to one another are used
for the same or similar parts, wherein parts with the same and similar reference numbers
can have the same or similar properties and advantages even if a description is not re-
peated.

In Fig. 1, an injection device 1 according to the proposed solution is depicted schematical-
ly. The injection device 1 preferably has a single-use part 2 for dispensing an injection so-
lution 3. In Fig. 1, the injection solution 3 is indicated by dotting.

The injection device 1, and in particular the single-use part 2, preferably has a so-called
auto-injector or forms the latter. With respect to the basic properties of auto-injectors, at



10

15

20

25

30

35

WO 2021/170690 PCT/EP2021/054624

10
this point, reference can be made to the explanations in the general description section
and to the above-mentioned prior art relating to the previously-known auto-injectors.

In the illustrative example, the single-use part has a window 4, through which the injection
solution 3 can be seen. The window 4 is optional, so that the single-use part 2 or the in-
jection device 1 can be produced even without such a window 4.

Moreover, the injection device 1 according to Fig. 1 has a protective cap 5, which closes
the single-use part 2 and/or secures against accidental actuation or triggering. The pro-
tective cap 5 is not necessarily provided, however. A safety device against accidental
triggering can also be otherwise provided and/or another closure is provided.

In Fig. 2, a greatly simplified, schematic longitudinal section of the injection device 1 ac-
cording to the proposed solution is depicted.

The injection device 1 according to the proposed solution has a sensor 6 for acquiring a
signal 7, indicated with a zigzag line or an arrow in the illustrative example according to
Fig. 1.

The signal 7 is preferably suitable for ensuring that an indicator 8 can be determined with
the latter, wherein the indicator 8 represents a state or a change in state of the single-use
part 2 in a process for dispensing the injection solution 3.

Accordingly, the signal 7 preferably has information that corresponds to the state or the
change in state, so that the indicator 8 can be determined.

The state is in particular information on the fill level, the trigger-readiness, or quite gener-
ally the usability of the single-use part 2 for injection of the injection solution 3 and/or a
value or parameter that corresponds thereto, such as, for example, a piston position,
which corresponds to the residual volume of the injection solution 3 in the cylinder 11. The
change in state is preferably information regarding the change of such a state.

In principle, the indicator 8 can be formed by the signal 7 or can be derived directly from
the signal 7, for example by conversion. The determination of the indicator 8, however,
preferably requires a processing of the signal 7, in particular (digital) signal processing or
evaluation. In this regard, in particular a comparison with a reference or threshold value or
other criterion can be carried out.
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The injection device 1 preferably has a multi-use reusable part 10 that has electronics 9.
The reusable part 10 is preferably a separate reusable module that can be separated
from the single-use part 2.

The single-use part 2 and the reusable part 10 can be coupled to one another in such a
way that the single-use part 2 and the reusable part 10 are held to one another in a de-
tachable manner and, preferably simultaneously and/or by this coupling, a signal connec-
tion S can be produced or is produced between the single-use part 2 and the reusable
part 10, via which the signal 7 can be transferred from the single-use part 2 to the reusa-
ble part 10.

The reusable part 10 preferably has a housing 35, in which the electronics 9 are accom-
modated. In the illustrative example, the housing 35 has a handle 36. The latter is option-
al, however, and is not necessary if a part of the housing 35 acts as a handle section.

Especially preferably, the housing 35 of the reusable part 10 represents a removable (ax-
ial) extension of a housing 13 of the single-use part 2. To this end, the housings 13, 35 in
each case can have at least essentially cylindrical side walls, which have a radius that is
at least essentially the same or similar and/or align with one another when the single-use
part 2 is coupled to the reusable part 10, so that the reusable part 10 only extends the
single-use part 2, without the single-use part 2 having to be inserted into the reusable part
10.

Since components for automatic injection of the single-use part 2 can be produced pref-
erably in principle like auto-injectors known from the state of the art, more detailed dis-
cussion below will focus only on parts thereof that are potentially relevant for this inven-
tion.

The single-use part 2 preferably has a cylinder 11 for taking up the injection solution 3
and a piston 11A that can be moved in the cylinder 11 for dispensing the injection solution
3.

The piston 11A is also called a plunger, so that the terms “piston 11A” and “plunger” are
interchangeable in terms of this invention. The piston 11A can have a drive 12C or a part
thereof or be formed herewith.

The piston 11A is preferably suitable for pressurizing the injection solution 3 in a cylindri-
cal inside space 11C formed by a cylinder wall 11B of the cylinder 11, so that the injection
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solution 3 is dispensed, in particular by an injection needle 11D, which can be coupled
accordingly to an outlet 11E of the cylinder 11.

The sensor 6 is preferably arranged, in particular directly, permanently, and/or insepara-
bly, at or on the cylinder 11 — in particular at, on, and/or directly adjacent to an outer side
of the cylinder wall 11B of the cylinder 11 that bounds a cylindrical inside space 11C for
taking up the injection solution 3.

The sensor 6 is preferably designed, arranged, and/or is suitable for detecting a move-
ment of the piston 11A that accompanies the dispensing of the injection solution 3 and/or
(in another way) the dispensing of the injection solution 3. This is preferably done by form-
ing and/or acquiring the signal 7, by information regarding the movement of the piston
11A that accompanies the dispensing of the injection solution 3 and/or information that
represents (in another way) the dispensing of the injection solution 3 being converted into
the signal 7 or being added to the signal 7.

As a result, the signal 7 can contain information that corresponds to the dispensing of the
injection solution 3 or movement of the piston 11A. Thus, the signal 7 is suitable in that
the indicator 8 can be determined from the latter.

Also, an injection mechanism 12 can be provided that is suitable for moving the piston
11A inside the cylinder 11 during activation, so that the injection solution 3 that is taken up
and/or can be taken up in the cylindrical inside space 11C is pressurized and dispensed
through an outlet 11E of the cylinder 11.

In principle, the injection device 1 can be operated manually, in particular by manual
movement of the piston 11A. In the preferred case that the injection device 1 is an auto-
injector, preferably a triggering system 12A that activates the injection mechanism 12 dur-
ing triggering is provided.

In this regard, a triggering part 12B can be provided in order to actuate the triggering sys-
tem 12A. The triggering part 12B can in principle be a button, switch, or the like. In the il-
lustrative example, the triggering part 12B is formed by a mechanism that causes trigger-
ing of the triggering system 12A during positioning of the injection device 1 or the single-
use part 2.
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In addition, a drive 12C can be provided, in particular a tension element or having a ten-
sion element, such as a spring, which drives the piston 11A when the triggering system
12A is triggered.

Finally, in the illustrative example, the housing 13 of the single-use part 2 is indicated,
which housing in this invention preferably accommodates at least the cylinder 11, the pis-
ton 11A, the sensor 6, and, preferably, the injection mechanism 12.

The housing 13 is made preferably elongated or pipe-like, as is known in principle from
auto-injectors, in particular pencil-shaped auto-injectors, also called pens.

The sensor 6 is preferably designed for generating the signal 7, which as a result prefera-
bly contains information regarding a continuous injection with the single-use part 2, re-
garding a primary usefulness or uselessness of the single-use part 2 for executing an in-
jection, regarding trigger-readiness of the single-use part 2, and/or regarding deficient
trigger-readiness of the single-use part 2 for injection.

As schematically indicated in Fig. 2, the sensor 6 or the single-use part 2 can have at
least one line 14 preferably along the cylinder 11 and/or routed through the housing 13,
via which the signal 7 is routed or directed. The line 14 can be connected via a connection
15 to the reusable part 10 or to a connector 27 for producing the signal connection S with
the reusable part 10.

In the illustrative example, two or more lines 14 are provided, wherein the signal 7 is rout-
ed at least over one of these lines 14.

In principle, at least two signal transmission lines 14 can also be provided, and/or the sig-
nal 7 can be transmitted via two or more lines 14, in particular differentially.

Quite especially preferably, at least two lines 14 that connect or couple the sensor 6 or
one or various connections 15 of the sensor 6 are provided. The sensor 6 and in any case
a part of the line(s) 14 is/are preferably produced by or in the single-use part 2 or ar-
ranged (securely, permanently/integrally/in one piece).

The line(s) 14 can be designed for conducting electric current or electrical signals 7. Al-
ternatively or additionally, the latter, in particular when the sensor 6 is optical, are de-
signed as optical wave guides, also called optical cable, optical fibre, light wave guide or
fibre optical cable.
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The line(s) 14, in particular in the form of one or more optical wave guides, can be inte-
grated (securely or permanently) in an especially advantageous way into the housing 13
or a component of the single-use part 2.

In this regard, the line(s) 14 is/are preferably formed by a or with a light-conducting or
transparent plastic, which is integrated into the housing 13 or into another component of
the single-use part 2, preferably also otherwise formed from a plastic, or is formed with
the latter. In this regard, the line(s) 14 can be formed by a light-conducting, in particular
injection-molded, plastic.

For example, it is possible in an advantageous way to integrate light-conducting plastic as
line 14 by means of an (in particular two-component) injection-molding method into the
housing 13, preferably consisting of plastic, and/or other component of the single-use part
2 or to fasten it thereby.

The sensor(s) 6 is/are preferably designed for optical, acoustic, capacitive, inductive,
and/or impedance-measurement-based acquisition of the signal 7.

In Fig. 2, a general, in particular capacitive, sensor 6 is indicated by way of example. In
this regard, Fig. 3 shows a sectional schematic view of the cylinder 11 with the piston 11A
and one or more capacitive sensor(s) 6.

In the illustrative example according to Fig. 3, the sensor 6 is designed for capacitive ac-
quisition of the signal 7. For this purpose, two or more electrodes 19 can be provided that
form a capacitor (a condenser, in particular plate condenser), whose capacity value de-
pends on the position of the piston or the fill level and/or the dispensing of the injection
solution 3.

Accordingly, the signal 7 for this purpose can represent corresponding capacitive proper-
ties of the capacitive sensor 6.

In the illustrative example, the sensor 6 has electrodes 19 on different, opposite, sides of
the cylinder 11, so that the electrical/dielectrical properties of the cylinder 11 between
these electrodes 9 depend on the position of the piston 11A and/or on the fill level of the
cylinder 11 with the injection solution 3. In this way, the capacity value of the capacitive
sensor 6 that is formed with the electrodes 19 preferably corresponds to the fill level of the
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injection solution 3 in the cylinder 11 and/or a position of the piston 11A as a state or to a
change of the latter as a change in state.

Optionally, multiple capacitive sensors 6 or a capacitive sensor 6 can be provided with
multiple electrode pairs 19, as indicated in broken lines in Fig. 3, which are arranged dis-
tributed preferably along the cylinder 11 or the piston path during the injection process. In
this way, accuracy can be improved.

In Fig. 4, an inductive sensor 6 is provided, in particular in the form of a — or having a —
coil 20. This can be designed to bring about an inductive coupling with the injection solu-
tion 3 and/or the piston 11A, so that the electrical properties or parameters of the coil 20,
in particular those that represent their electrical quality, depend on the position of the pis-
ton 11A or the fill level of the injection solution 3 in the cylinder 11. This makes it possible
to acquire the signal 7, which is generated or varied in this regard preferably by the
change in properties of the coil 20 and as a result is suitable for determining the indicator
8.

The piston 11A or a drive for the latter or part thereof can be formed from a ferromagnetic
material, magnetizable material, or material that can be magnetically detected in another
way or can have the latter. Alternatively or additionally, the piston 11A or the drive for the
latter or a part thereof can be formed from an electrically-conductive or semi-conductive
material or can have the latter.

The sensor 6 is preferably designed to form the signal 7, based on this material and, pref-
erably, the movement of the material in the course of the dispensing of the injection solu-
tion. The inductivity and/or quality of the inductive sensor 6 or the coil 20 can vary from
the position of the piston 11A based on the material, in particular in such a way or so that
the position of the piston 11A is in a direct connection with the inductivity and/or quality of
the coil 20. The signal 7 preferably corresponds to this inductivity and/or quality of the coil
20 or represents the latter. Accordingly, the indicator 8 can be determined by evaluating
the signal 7 based on the inductivity that varies with the change in position of the piston
11A and/or quality of the coil 20.

Alternatively or additionally, the sensor 6 can be designed for impedance-based acquisi-
tion of the signal 7. For this purpose, one or more of the previously-described sensors 6,
in particular an inductive and/or a capacitive sensor 6, can be used or combined in order
to determine the signal 7 that depends on the fill level of the injection solution 3 and/or the
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position of the piston 11A based on the impedance property of the cylinder 11, the piston
position, and/or the fill level of the injection solution 3.

In particular, a signal 7 can be acquired that enables to determine the fill level of the injec-
tion solution 3 or the position of the piston 11A in particular by damping (signal losses
varying due to conversion of signal energy in heat, eddy-current losses or the like) and/or
based on phase relationships to a reference or between current and voltage and/or of
phase changes of the signal 7.

In the illustrative example, the coil 20 is arranged, in particular wound, around the cylinder
11. It is understood that this is effective, but not necessary, and alternatively or additional-
ly, a coil 20 can also be provided adjacent to the cylinder 11.

When the coil 20 is arranged around the cylinder 11, the windings forming them cover
preferably less than 50%, preferably less than 40% or 30%, in particular less than 20% or
10%, of the window 4.

If the sensor 6 is embodied as a coil 20 or is designed in another way for determining
magnetic properties, the latter can detect in particular the magnetic permeability of the
content that is located in the cylinder 11. This is further changed preferably by dispensing
the injection solution 3 from the inside space 11C of the cylinder 11 and/or the movement
of the piston 11A that corresponds thereto, so that the signal 7 can be picked up with the
sensor 6 and can be evaluated if necessary with the reusable part 10.

Alternatively or additionally to the coil 20, the sensor 6 can have a Hall probe 21 or can be
made in this way. A Hall probe 21 is suitable for picking up static magnetic fields. For this
purpose, the piston 11A can have a magnet 22, as indicated in Fig. 2, or can be formed
by a magnet 22 or magnetic material. In this way, a signal 7 that corresponds to the posi-
tion of the piston 11A can be generated by means of the Hall probe 21 as a magnetic field
sensor, from which signal in turn the indicator 8 can be determined.

The sensor 6 is optical in an especially preferred variant of the injection device 1 accord-
ing to the proposed solution. The sensor 6 is thus preferably designed for optical acquisi-

tion of the signal 7. An example of this is shown in Fig. 5.

In this case, the signal 7 is preferably optical, and/or the line(s) 14 is/are optical lines 14.



10

15

20

25

30

35

WO 2021/170690 PCT/EP2021/054624

17
The signal 7 is correspondingly optical (light) and contains optical information, in particular
by modulation of the light intensity, and/or wavelength, by which the indicator 8 can be de-
termined, if necessary.

This can be done in such a way that with the optical sensor 6, a fill level of the cylinder 11
or a change in fill level is optically detected or can be detected directly or indirectly via a
position or movement of the piston 11A.

As shown in Fig. 5 by way of example, for this purpose, the sensor 6 can have or form
one or more light gates 16, by which at least one position of the piston 11A can be deter-
mined.

This can be done in such a way that at least one of the light gates 16 monitors an optical
path 17 through the injection solution 3 and/or in principle optical transmission properties
of the cylinder — in particular as a function of the position of the piston 11A.

In this embodiment, the line(s) 14 is/are preferably one or more optical (wave) guides or
light wave guides, in particular glass fiber(s) or polymer optical fiber(s). In this way, an op-
tical acquisition and transfer of the signal 7 can be carried out economically and reliably.
In this regard, electrical components are preferably provided exclusively in the reusable
part 10. The single-use part 2, however, is preferably free of electrical components, in any
case for generating, transferring, and/or evaluating the signal 7.

The line(s) 14 preferably connect(s) the sensor(s) 6 inside the single-use part 2. The opti-
cal sensor 6 is preferably formed by or with open ends of the lines 14 in the form of opti-
calllight wave guides, by which one or more light gates 16 can be produced.

In Fig. 5, one or more optical paths 17, which (in each case) is/are monitored by a light
gate 16, is/are drawn in as broken lines. With an interruption or release of the optical path
17/one of the optical paths 17, the optical sensor 6 can accordingly generate a signal 7
that corresponds thereto.

In this case, the signal 7 can be optical in nature, i.e., a light signal. In addition, it can be
provided that as a function of a fill level of the injection solution 3 in the cylinder 11 or a
position of the piston 11A, the signal 7 has light or not or is brighter or darker.

In principle, multiple sensors 6 can be provided, which in each case are designed for
generating a signal 7 or a part thereof.
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As also indicated in Fig. 5, multiple light gates 16 can be provided at various positions, in
particular along the cylinder 11 or the path of the piston 11A with ongoing dispensing of
the injection solution 3. In this way, various positions of the piston 11A can be detected or
monitored with various light gates 16.

In particular, multiple light gates 16 with corresponding optical paths 17 are provided dis-
tributed at various positions of the cylinder 11 along its cylindrical axis 24 in order to de-
tect various positions of the piston 11A or various fill levels of the injection solution 3.

In this case, as also in comparable cases, the signal 7 can also have multiple partial sig-
nals. A number of lines 14 can be provided corresponding to the number of light gates 16
that in each case route a partial signal.

Alternatively or additionally, multiple light gates 16 or partial signals of the signal 7 that
correspond thereto can be brought together. In this case, the signal 7 can have partial
signals of the various light gates 16 that can be differentiated, in particular based on vary-
ing light intensity and/or based on various wavelengths of the respective light gates 16. In
this case, multiple parts of the signal 7 that correspond to partial sensors — in particular in
each case to a light gate 16 — can optionally be routed over the same line 14.

For example, it can be provided that the light gates 16 have various color filters or operate
or are fed with light of various colors. In this case, a common light-supplying line 14
and/or a common line 14 that routes the signal 7 can be sufficient.

In addition, it can be provided that sensors 6 of various measuring principles can be com-
bined with one another, in particular in order to improve reliability.

For example, at least one electric sensor 6, which can detect, for example, a change in
capacity, a change in inductivity, or the like, can be combined with at least one optical
sensor 6, in particular with one or more light gates 16, which detects/detect, for example,
in addition the start of injection and/or the end of injection or the start of the movement of
the piston 11A or the reaching of an end position with the piston 11A.

Alternatively or additionally, an acoustic sensor 6 can be provided, in particular a sound
sensor 18, such as a microphone, vibration sensor, solid borne sound sensor, or the like.
With the sound sensor 18, a signal 7 can be generated, which signal picks up oscillations
— in particular of the cylinder 11 — generated by movement of the piston 11A or dispensing
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of the injection solution 3 and converts into the signal 7, which accordingly represents
these oscillations.

With reference to Fig. 1, it was already mentioned above that the single-use part 2 prefer-
ably has the window 4, through which an optical detection of the injection solution 3
and/or of the piston 11A is enabled (in particular by a user), and namely especially prefer-
ably along a visual axis 23.

It is preferred that the sensor 6 is provided outside of the window 4 or the visual axis 23.
In this way, the sensor 6 does not prevent the view through the window 4 to the injection
solution 3 or the piston 11A.

A sensor axis 25 runs preferably crosswise, in particular perpendicular, to the visual axis
23 and preferably to a cylindrical axis 24 of the cylinder 11. In this way, the signal 7 can
be generated without the sensor 6 impairing the function of the window(s) 4.

In this regard, preferably an axis that runs in the center through the window 4 and is per-
pendicular to the cylindrical axis 24 of the cylinder 11 is defined as a visual axis 23. In the
case of two opposite windows 4, the visual axis 23 preferably extends in the center
through both windows 4. A cylindrical axis 24 is preferably defined as the axis of sym-
metry of the cylinder 11 or the axis along which the piston 11A can move in the cylinder
11.

The sensor 6 can be provided or arranged for monitoring the injection solution 3, its fill
level, or the position of the piston 11A along the sensor axis 25.

In the case of an optical sensor 6 in the form of one or more light gate(s) 16, the sensor
axis 25 preferably corresponds to the optical path(s) 17 monitored by the light gate(s) 16.
In the case of a capacitive sensor 6, the sensor axis 25 preferably corresponds to the axis
through the midpoint of the electrodes 19 or through the midpoints or centers of gravity of
the surfaces of the latter that face the cylinder 11.

Referring to Fig. 2, the reusable part 10 has an evaluation system 26 for receiving and/or
evaluating the signal 7.

The evaluation system 26 can support a digital signal processing of the signal 7, for ex-
ample by a processor, storage device, and/or corresponding routines that are filed in the
storage device and can be executed by the processor. In this way, the signal 7 can be
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evaluated; in particular the state or the change in state can be determined, in particular
can be calculated from the signal 7.

The evaluation system 26 can form an oscillating circuit with the sensor 6. The resonance
frequency of such an oscillating circuit can be evaluated and used for determining the in-
dicator 8. In this case, the signal 7 is preferably formed by the current and/or the voltage
or by a (phase) relationship of the latter with respect to one another, which depend on the
state or the change in state. In particular, a capacitive sensor 6 can be supplemented by
an inductivity or inductive sensor 6 by a capacitor with respect to the oscillating circuit.

The evaluation system 26 is preferably designed for monitoring the injection process. In
particular, the electronics 9 can detect with the evaluation system 26 a continuous injec-
tion, a primary usefulness or uselessness for this purpose, trigger-readiness, and/or defi-
cient trigger-readiness of the single-use part 2 and can optionally omit the dispensing de-
vice 29.

Alternatively or additionally, the injection device 1 according to the proposed solution,
preferably the electronics 9, in particular the evaluation system 26, is designed for auto-
matic detection of a beginning of injection and/or an end of injection. This can be done in
particular by the evaluation of the signal 7 or the detection of the position of the piston
11A.

Fig. 6 shows a cutaway of an injection device 1 according to the proposed solution with
the reusable part 10 removed from the single-use part 2.

For the purpose of evaluation or output, the signal 7 is preferably coupled by the single-
use part 2 to the reusable part 10.

The single-use part 2 and the reusable part 10 preferably have one or more mutually
complementary connectors 27. The connectors 27 are preferably designed to generate
the signal connection S during or by the coupling of the single-use part 2 to the reusable
part 10. Via the signal connection S, the signal 7 can be transferred between the single-
use part 2 and the reusable part 10, or the signal 7 is transferred between the single-use
part 2 and the reusable part 10, in particular from the single-use part 2 to the reusable
part 10.

Especially preferably, the signal connection S is an optical and/or electrical signal connec-
tion S. Accordingly, in the case of the single-use part 2 coupling with the reusable part 10,
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the connectors 27 can generate the optical and/or electrical signal connection S between
the latter, so that an optical or light-based and/or electrical signal 7 can be transferred
from the single-use part 2 to the reusable part 10. The connectors 27 can thus be or have
or form one or more optical and/or electrical interfaces for light transfer between the sin-
gle-use part 2 and the reusable part 10.

As already mentioned in connection with Fig. 5, the signal 7 in this illustrative example is
preferably an optical signal 7, in particular thus light, which is preferably varied (automati-
cally) as a function of the state or the change in state of the single-use part 2 in the pro-
cess for dispensing the injection solution 3. In particular, this is done by changes such as
movements in the single-use part 2, which can be converted by the sensor 6 into corre-
spondingly changing light intensities of the signal 7.

Accordingly, the signal connection S preferably in this case is an optical signal connection
S or the coupling is an optical coupling of the single-use part 2 to the reusable part 10.
For this purpose, the connector 27 forms an optical interface or has such a one.

The electronics 9 of the reusable part 10 in this case preferably have a receiver, in partic-
ular an electro-optical receiver 31, which is suitable to convert light-based or optical sig-
nals 7 into electrical signals 7, which correspond to the light-based or optical signals 7.

Preferably, alternatively or additionally, the reusable part 10 has a preferably optical emit-
ter 32. Via the connectors 27 or the signal connection S, the emitter 32 of the reusable
part 10 can supply the sensor 6 of the single-use part 2 preferably with light. In the illus-
trative example according to Fig. 5 in combination with the schematic representation of
Fig. 2, the emitter 32 can be a light source, such as a light-emitting diode (LED).

The emitter 32 can, for example, supply a light gate 16 with light, while the portion of the
light that reaches the receiver 31 through the light gate 16 (as optical signal 7) and op-
tionally can be converted into an electrical signal 7, provides information regarding the
state or the change in state, in particular with respect to the position of the piston 11A or
with respect to the residual volume of available injection solution 3.

The optical signal 7 that is converted into an electrical signal 7 can be analyzed below by
the evaluation system 26 in order to determine the state or the change in state of the sin-
gle-use part 2.
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The signal 7 or light for forming the signal 7 can be routed starting from the emitter 32
along the housing 13 with or through the housing 13 of the single-use part 2.

The line(s) 14 can bring about a light emission and light inflow to the cylinder 11 that is
preferably formed by a glass body or is generally translucent.

In addition, preferably multiple lines 14, in particular at least two lines 14, even more pref-
erably on opposite sides of the cylinder 11, are connected via the optical path 17, which is
preferably provided so that the properties of the optical path 17 depend on the state
and/or the change in state, so that the (optical) signal 7 can be generated. In this way,
one or more light gate(s) 16 can be formed.

The line(s) 14 can be integrated into the housing 13 of the single-use part 2; in particular,
they can be formed by light-wave-conducting structures in the housing 13, which are rout-
ed from the cylinder 11 to the connectors 27 or via the connectors 27 to the receiver 31
and/or emitter 32.

When multiple sensors 6 are provided, which in each case are designed for generating a
signal 7 or a partial signal thereof, the connector 27 can accordingly be designed for cou-
pling multiple (partial) signals 7 from the single-use part 2 to the reusable part 10, and/or
the electronics 9, in particular the evaluation system 26, can be designed for evaluating
corresponding (partial) signals 7.

If at least one optical sensor 6 as well as a sensor 6 are made based on an electrical op-
erating principle — in particular capacitive or inductive — combined in the single-use part 2,
the connector 27 is accordingly preferably designed for generating a signal connection S,
which enables both a transfer of optical and electrical signals 7 from the single-use part 2
to the reusable part 10.

Alternatively or additionally, it is provided that the single-use part 2 and the reusable part
10 have mutually complementary fastening means 28 for reversible mechanical holding of
the single-use part 2 and the reusable part 10 together.

In the illustrative example, fastening means 28 are provided both on the single-use part 2
and on the reusable part 10, wherein the fastening means 28 are formed and arranged in
a complementary manner to one another in such a way that the reversible holding of the
reusable part 10 on the single-use part 2 is enabled.
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Quite especially preferably, the fastening means 28 are designed for temporary magnetic
holding of the reusable part 10 on the single-use part 2. For this purpose, the single-use
part 2 and the reusable part 10 can have magnets or ferromagnetic materials that corre-
spond to one another, which enables the latter to adhere to one another magnetically. In
particular, mutually complementary magnets are integrated as fastening means 28 into
the single-use part 2 and the reusable part 10. This is indicated in broken lines by way of
example in Fig. 6 and depicted schematically in cross-section in Fig. 2.

The fastening means 28 are preferably designed to preset a specific position of the sin-
gle-use part 2 and the reusable part 10 with respect to one another during coupling of the
latter. In particular, the fastening means 28 can specify a position, in particular a rotational
position, of the single-use part 2 to the reusable part 10. This position or rotational posi-
tion is preferably provided in such a way that the signal connection S is reliably produced
when the single-use part 2 is coupled to the reusable part 10.

Alternatively or additionally, the fastening means 28 can prevent coupling or fastening of
the reusable part 10 on the single-use part 2 when deviating from the position or rotational
position. For example, the fastening means 28 can repel one another, particularly if they
are magnetic.

The preset value of the position can be specified by polar-opposite magnets at positions
of the single-use part 2 and the reusable part 10 that correspond to one another.

“Rotational position” of the single-use part 2 and the reusable part 10 with respect to one
another is preferably a position in which central axes, in particular cylindrical axes of at
least essentially cylinder-like or cylindrical housings 13, 35 of the single-use part 2 and
the reusable part 10, are arranged coaxially to one another and rotation of the single-use
part 2 and the reusable part 10 result in rotational positions of the single-use part 2 to the
reusable part 10 that are different with respect to one another. In this context, it is prefer-
ably provided that coupling be made possible only at one, two, or specific preset rotational
positions with respect to one another and be blocked or prevented at other rotational posi-
tions.

Orienting the reusable part 10 to the single-use part 2, in particular a rotational position of
the latter with respect to one another, is preferably alternatively or additionally preset by
the structural form of the sections or surfaces of the single-use part 2 and the reusable
part 10 that are adjacent to one another after coupling has taken place.
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In the illustrative example, this is preferably carried out by means of mutually complemen-
tary projections and indentations of the single-use part 2 and the reusable part 10 in the
area of the connectors 27. In particular, the surfaces to which the reusable part 10 and
the single-use part 2 are adjacent after coupling are curved, so that coupling is possible
only in one or certain orientations of the reusable part 10 to the single-use part 2.

Alternatively or additionally, the single-use part 2 has an at least essentially concave
shape or surface, while the reusable part 10 has an at least essentially convex shape, re-
flected thereto, or vice versa, which are adjacent after or by the coupling. In this or anoth-
er way, a rotation of the reusable part 10 to the single-use part 2 — in particular in a posi-
tive manner — can be blocked after coupling.

By ensuring that the position or location of the single-use part 2 and the reusable part 10
is a preset value with respect to one another during coupling, a reliable production of the
signal connection S can be ensured.

The single-use part 2 can be brought to engagement or engaged specifically with the re-
usable part 10 in the area of the connector 27; however, the latter otherwise preferably
only lie axially behind one another and/or beside one another.

The reusable part 10, in particular the electronics 9, preferably has an output system 29
for generating an output 30, wherein the output 30 is preferably perceptible to a human
sense, for example optically, acoustically, and/or tactilely.

The electronics 9, in particular the output system 29, can have a radio interface, in par-
ticular antennae, and, preferably, can be set up for conveying the indicator 8 by radio.

The output system 29 can have a display, one or more LEDs, a loudspeaker, and/or one
or more (unbalance) motors, or can be made in this way. A (unbalance) motor is in partic-
ular the drive of a vibration alarm for generating a tactile or haptic output 30 that is per-
ceptible to a user.

The output 30 can be the indicator 8, can correspond to the indicator 8, can represent the
indicator 8, or can be derived from the indicator 8.

In the illustrative example, an optical output 30 is indicated. For example, the output 30
can represent a status of the injection device 1, in particular that of the single-use part 2,
via color coding — such as “green” for trigger-ready or “red” for non-trigger-ready or not to
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be used — and/or via a position of the output 30. The output 30 is preferably based on the
measurement with the sensor 6, evaluation of the signal 7, and/or determination of the in-
dicator 8 on this basis.

In principle, the operation of the window 4 can be replaced by the output 30 by means of
the reusable part 10, so that the window 4 can be omitted. The window 4 is preferably
provided in addition, however, in order also to enable an optical monitoring of the state or
change in state.

As indicated by way of example in Fig. 2, the reusable part 10 can have a reporting sys-
tem for reporting the presence and/or for identification of a (specific) single-use part 2.

For identification of a specific single-use part 2, the (respective) single-use part 2 can
have an identifier 35, such as an RFID transponder, barcode, or the like. In this case, the
reporting system 33 can preferably read out the identifier 34 and based on the identifier
34 can determine and optionally output in particular properties of the single-use part 2.
The output 30 in this case can be carried out by means of the electronics 9, in particular
via the output system 29.

The reusable part 10 preferably has at least essentially completely the electronics 9. In
particular, it is preferably provided that the evaluation system 26 as well as possible emit-
ters 32 and/or receivers 31 and/or an energy store 37 exclusively form part of the reusa-
ble part 10.

The electronics 9 or the evaluation system 26 has preferably all of the components that
are necessary for processing the signal 7. The electronics 9 or evaluation system 26 can
be designed for data storage and/or data processing.

The single-use part 2, however, preferably has the sensor 6 that is exclusively required
for receiving the signal 7, i.e., in particular no (semiconductor) components, no integrated
circuits, no active light sources, no active emitters, and/or no active receivers. The latter
can accordingly advantageously be used multiple times because of the preferred integra-
tion into the reusable part 10. However, the components that are provided in the single-
use part 2, in particular the preferably electrically passive or purely optical sensor 7, in
most cases require very little in the way of valuable resources, and the preferably fixed
and non-reusable integration of the latter into the single-use part 2 is therefore in practice
not disadvantageous.
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The electronics 9 can optionally and preferably in addition have one or more other sen-
sors, in particular for a (ambient) temperature, a (relative) humidity, (ambient) light (inten-
sity), or the like. Parameters that are measured herewith can be taken into consideration
when the signal 7 is evaluated and/or output with the output system.

In another aspect of this invention, the sensor 6 or the signal 7 is used alternatively or ad-
ditionally for determining a temperature of the single-use part 2, the cylinder 11, and/or —
preferably indirectly — the injection solution 3. In particular, this is an optical sensor 6. The
latter can have a dye that, as a function of temperature, changes its absorption properties
and/or transmission properties for electromagnetic waves, in particular light. In particular,
this is a thermochromic dye. The dye is preferably arranged so that the signal 7 is affect-
ed by its absorption properties and/or transmission properties. By acquiring the signal 7,
the temperature or a parameter corresponding thereto can be determined accordingly. In
particular, the dye is provided in direct contact with the cylinder 11 or as part of it, in par-
ticular as part of the cylinder wall 11B or of the material that forms the latter.

Individual aspects of this invention can be implemented in various combinations and can
be advantageous in each case based on the combination, even if the latter is not explicitly
explained.
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12A Triggering system
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12C Drive
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Reference Symbol List:

17 Optical path
18 Sound sensor
19 Electrode

20 Coil

21 Hall probe

22 Magnet

23 Visual axis

24 Cylindrical axis
25 Sensor axis

26 Evaluation system

27 soor

28 Fastening means

29 Output system
30 Output
31 Receiver
32 Emitter

33 Reporting system

34 Identifier

35 Housing

36 Handle

37 Energy store

S Signal connection
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Claims:

1. Injection device (1), in particular auto-injector, with a single-use part (2) for dispens-
ing an injection solution (3), wherein the injection device (1) has a sensor (6) for acquiring
a signal (7), with which an indicator (8) can be determined, which represents a state of the
single-use part (2) that is associated with the injection and/or a change in state of the sin-
gle-use part (2) in a process for dispensing the injection solution (3) with the single-use
part (2),

characterized in that

the injection device (1) has a multi-use reusable part (10) that has electronics (9), wherein
the single-use part (2) and the reusable part (10) can be coupled to one another in such a
way that the single-use part (2) and the reusable part (10) are held to one another in a de-
tachable manner, and a signal connection (S) is produced between the single-use part (2)
and the reusable part (10), via which the signal (7) can be transferred from the single-use
part (2) to the reusable part (10); and/or

the single-use part (2) has a cylinder (11) for taking up the injection solution (3) and a pis-
ton (11A) that can move in the cylinder (11) for dispensing the injection solution (3),
wherein the sensor (6) is arranged securely, permanently, inseparably, and/or immovably
at or on the cylinder (11); and/or

the injection device (1) has a multi-use reusable part (10) that has electronics (9), wherein
the single-use part (2) and the reusable part (10) can be coupled to one another, and the
reusable part (10) has a reporting system (33) for detecting the single-use part (2).

2. Injection device according to Claim 1, characterized in that the sensor (6) is designed
for optical, acoustic, capacitive, inductive, Hall-effect-based, and/or impedance-
measurement-based acquisition of the signal (7).

3. Injection device according to Claim 1 or 2, characterized in that the sensor (6) has a
line (14) that is routed along the cylinder (11) and/or in the single-use part (2), via which
the signal (7) can be transferred.

4. Injection device according to one of the preceding claims, characterized in that the
sensor (6) has or forms one or more light gates (16), by which at least one position of the
piston (11A) can be determined.
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5. Injection device according to one of the preceding claims, characterized in that the
single-use part (2) has at least one window (4), which enables an optical detection of the
injection solution (3) and/or of the piston (11A) in the cylinder (11) along a visual axis (23),
and wherein the sensor (6) is provided outside of the window (4) and/or the visual axis
(23), in particular at one or more positions on a sensor axis (25), which runs crosswise to
the visual axis (23) and, preferably, to a cylindrical axis (24) of the cylinder (11).

6. Injection device according to one of the preceding claims, characterized in that the
reusable part (10) has an evaluation system (26) for determining the indicator (8) by eval-
uating the signal (7).

7. Injection device according to one of the preceding claims, characterized in that only
when the coupling of the single-use part (2) with the reusable part (10) has been estab-
lished is the injection device (1) suitable for determining the indicator (8) from the signal

(7).

8. Injection device according to one of the preceding claims, characterized in that the
single-use part (2) and the reusable part (10) have mutually complementary connectors
(27) that during the coupling bring about the signal connection (S) between the single-use
part (2) and the reusable part (10) for transferring the signal (7).

9. Injection device according to Claim 8, characterized in that the connectors (27) ena-
ble and/or establish an optical signal connection (S), preferably wherein at least one opti-
cal line (14) runs without interruption from one of the connectors (27) to the optical sensor
(6) of the single-use part (2).

10. Injection device according to one of the preceding claims, characterized in that the
single-use part (2) and the reusable part (10) have mutually complementary fastening
means (28) for reversible mechanical holding of the single-use part (2) and the reusable
part (10) together.

11. Injection device according to Claim 10, characterized in that the fastening means (28)
bring about the mechanical holding at least essentially magnetically.

12. Injection device according to Claim 10 or 11, characterized in that the single-use part
(2) and the reusable part (10) have mutually complementary fastening means (28) for re-
versible mechanical holding of the single-use part (2) and the reusable part (10) together,
the fastening means (28) are designed for temporary magnetic holding of the reusable
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part (10) on the single-use part (2), the single-use part (2) and the reusable part (10) can
have magnets or ferromagnetic materials that correspond to one another, which enables
the latter to adhere to one another magnetically.

13. Injection device according to any one of Claims 10 to 12, characterized in that mutu-
ally complementary magnets are integrated as fastening means (28) into the single-use
part (2) and the reusable part (10) such that the position of the single-use part (2) and the
reusable part (10) relative to one another can be specified by opposite magnets at posi-
tions of the single-use part (2) and the reusable part (10) that correspond to one another.

14. Injection device according to any one of Claims 10 to 13, characterized in that the
fastening means (28) are designed to preset a specific position of the single-use part (2)
and the reusable part (10) with respect to one another during coupling of the latter, where-
in, the fastening means (28) specify a position of the single-use part (2) to the reusable
part (10) in such a way that the signal connection (S) is reliably produced when the single-
use part (2) is coupled to the reusable part (10).

15. Injection device according to one of the preceding claims, characterized in that an
output system (29) is designed for direct or indirect output of the indicator (8), preferably
for generating a particularly optical, acoustic, and/or tactile output (30) that is perceptible
to a human sense.

16. Injection device according to one of the preceding claims, characterized in that the
signal (7) is optical, in that the sensor (6) is designed for generating the optical signal (7),
in that the optical signal (7) can be transferred exclusively optically to the reusable part
(10), and the reusable part (10) has an electro-optical receiver (31) for converting the op-
tical signal (7) into an electrical signal (7), which corresponds to the optical signal (7), so
that the indicator (8) can be determined by evaluating the electrical signal (7) with the
electronics (9) of the reusable part (10).

17. Injection device according to one of the preceding claims, characterized in that the
reporting system (33) of the reusable part (10) is designed to detect an approach of the
single-use part (2) and/or to read out an identifier (34) from the single-use part (2).

18. Injection device according to one of the preceding claims, characterized in that the
sensor (6) is optical and realized by or with open ends of the lines (14), the lines (14) be-
ing realized as optical wave guides, by which one or more light gates (16) is or are real-
ized.
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19. Injection device according to claim 18, characterized in that at least one of the light
gates (16) is configured to monitor an optical path (17) through the cylinder (11) to enable
detecting changes in optical transmission properties as a function of the position of the
piston (11A).

20. Injection device according to claim 18 or 19, characterized in that multiple light gates
(16) are provided at various positions along the cylinder (11) or the path of the piston
(11A) with ongoing dispensing of the injection solution (3) such that multiple positions of
the piston (11A) can be detected or monitored with multiple light gates (16).

21. Injection device according to one of the preceding claims, characterized in that the
line (14) or lines (14) is/are realized by a or with a light-conducting or transparent plastic,
which is integrated into a housing (13) or into another component of the single-use part

(2).

22. Injection device according to claim 21, characterized in that the line (14) or lines (14)
is/are realized by light-wave-conducting structures in the housing (13), which are routed
from the cylinder (11) to the connectors (27) and/or via the connectors (27) to the receiver
(31) and/or emitter (32).

23. Injection device according to one of the preceding claims, characterized in that the
line (14) or lines (14) is/are made from light-conducting plastic being integrated by means
of two-component injection-molding into the housing (13) and/or other component of the
single-use part (2) or to fastened thereby.

24. Injection device according to one of the preceding claims, characterized in that the
signal (7) is optical in nature, wherein as a function of a fill level of the injection solution
(3) in the cylinder (11) or a position of the piston (11A), the signal (7) has light or not or is
brighter or darker.

25. Reusable part (10) for an injection device according to one of the preceding claims,
characterized in that
reusable part (10) can be used multiple times and has electronics (9),

wherein the reusable part (10) can be coupled to a single-use part (2) that has a sensor
(6) in such a way that the single-use part (2) and the reusable part (10) are held to one
another in a detachable manner, and a signal connection (S) is produced between the
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single-use part (2) and the reusable part (10), via which a signal (7) can be transferred
from the single-use part (2) to the reusable part (10) and can be evaluated by the elec-
tronics (9) of the single-use part (2); and/or

wherein the reusable part (10) can be coupled to a single-use part (2) of the injection de-
vice (1), and the reusable part has a reporting system (33) for detecting the single-use
part (2).
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