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(57) Abrege/Abstract:
The Invention relates to a vacuum mixing system for the mixing of polymethylmethacrylate bone cement comprising at least one
cartridge (4) having an evacuatable internal space (5) for the mixing of the bone cement, whereby the internal space (5) comprises
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(57) Abrege(suite)/Abstract(continued):
a cylindrical swept volume, a mixing element (12) that is arranged In the internal space (5) of th

and can be operated from outside the vacuum mixing system In order to mix the content in tr

(4), and a dispensing plunger (2) having a cylindrical external circumference whose first base surface borders a base surface of th
Internal space (5) of the cartridge (4) and which can be or is locked to the cartridge (4) in detachable manner and which, In tr
detached state, is mobile in the cylindrical region of the internal space (5) of the cartridge (4), whereby a gas-permeable ar
particle-impermeable feedthrough (1) Is arranged In the dispensing plunger (2) or a feedthrough (1) I1s formed between th

dispensing plunger (2) and the internal wall of the internal space (5), whereby the feedthrough
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e cartridge (4) such as to be mobile
e Internal space (5) of the cartridge
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(1) extends from an opening in tr

Jacket surface of the dispensing plunger (2) to an opening in the first base surface of the dispensing plunger (2). The invention also
relates to a method for the mixing of polymethylmethacrylate bone cement in a cartridge (4) of a vacuum mixing system.
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Abstract

The invention relates to a vacuum mixing system for the mixing of
polymethylmethacrylate bone cement comprising at least one cartridge (4) having an
evacuatable internal space (5) for the mixing of the bone cement, whereby the
internal space (5) comprises a cylindrical swept volume, a mixing element (12) that is
arranged in the internal space (5) of the cartridge (4) such as to be mobile and can be
operated from outside the vacuum mixing system in order to mix the content in the
internal space (5) of the cartridge (4), and a dispensing plunger (2) having a
cylindrical external circumference whose first base surface borders a base surface of
the internal space (5) of the cartridge (4) and which can be or Is locked to the
cartridge (4) in detachable manner and which, in the detached state, is mobile in the
cylindrical region of the internal space (5) of the cartridge (4), whereby a gas-
permeable and particle-impermeable feedthrough (1) is arranged in the dispensing
plunger (2) or a feedthrough (1) is formed between the dispensing plunger (2) and the
internal wall of the internal space (5), whereby the feedthrough (1) extends from an
opening in the jacket surface of the dispensing plunger (2) to an opening in the first

base surface of the dispensing plunger (2).

The invention also relates to a method for the mixing of polymethylmethacrylate bone

cement in a cartridge (4) of a vacuum mixing system.
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VACUUM MIXING SYSTEM AND METHOD FOR THE MIXING OF
POLYMETHYLMETHACRYLATE BONE CEMENT

Description

The iInvention relates to a vacuum mixing system for the mixing of
polymethylmethacrylate bone cement (PMMA cement) from two starting components,

In particular for the mixing of a medical bone cement, and for storage of the starting

components.

The invention further relates to a method for the mixing of polymethylmethacrylate

bone cement.

Accordingly, the subject matter of the invention is a vacuum mixing system for the
storage, mixing, and, if applicable, dispensing of polymethylmethacrylate bone

cement.

Polymethylmethacrylate (PMMA) bone cements are based on the pioneering work of
Sir Charnley. PMMA bone cements consist of a liquid monomer component and a
powder component. The monomer component generally contains the monomer,
methylmethacrylate, and an activator (N,N-dimethyl-p-toluidine) dissolved therein.
The powder component, which is also referred to as bone cement powder, comprises
one or more polymers, a radiopaquer, and the initiator dibenzoylperoxide. The
polymers of the powder component are produced on the basis of methylmethacrylate
and comonomers, such as styrene, methylacrylate or similar monomers by means of
polymerisation, preferably by suspension polymerisation. During the mixing of powder
component and monomer component, swelling of the polymers of the powder
component In the methylmethacrylate generates a dough that can be shaped
plastically and is the actual bone cement. During the mixing of powder component
and monomer component, the activator, N,N-dimethyl-p-toluidine, reacts with

dibenzoylperoxide while forming radicals. The radicals thus formed trigger the radical

polymerisation of the methylmethacrylate. Upon advancing polymerisation of the

methylmethacrylate, the viscosity of the cement dough increases until the cement

dough solidifies.
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Methylmethacrylate is the monomer used most commonly in polymethylimethacrylate
bone cements. Redox initiator systems usually consist of peroxides, accelerators and,
If applicable, suitable reducing agents. Radicals are formed only if all ingredients of
the redox Initiator systems act in concert. For this reason, the ingredients of the redox
Initiator system in the separate starting components are arranged appropriately such
that these cannot trigger a radical polymerisation. The starting components are stable
during storage provided their composition is adequate. Only when the two starting
components are mixed to produce a cement dough, the ingredients of the redox
Initiator system, previously stored separately in the two pastes, liquids or powders
react with each other forming radicals which trigger the radical polymerisation of the
at least one monomer. The radical polymerisation then leads to the formation of

polymers while consuming the monomer, whereby the cement dough is cured.

PMMA bone cements can be mixed by mixing the cement powder and the monomer
liquid In suitable mixing beakers with the aid of spatulas. One disadvantage of said
procedure Is that air inclusions may be present in the cement dough thus formed and
can cause destabilisation of the bone cement later on. For this reason, it is preferred
to mix bone cement powder and monomer liquid in vacuum mixing systems, since
mixing in a vacuum removes air inclusions from the cement dough to a large extent
and thus achieves optimal cement quality. Bone cements mixed in a vacuum have
clearly reduced porosity and thus show improved mechanical properties. A large
number of vacuum cementing systems have been disclosed of which the following
shall be listed for exemplary purposes: US6,033,105A, US 5,624,184 A,
US 4,671,263 A, US 4,973,168 A, US 5,100,241 A, WO 99/67015 A1,
EP 1 020 167 A2, US 5,586,821 A, EP 1016 452 A2, DE 36 40 279 A1,
WO 94/26403 A1, EP 1 005 901 A2, US 5,344,232 A. An external vacuum pump is

connected in the vacuum cementing systems thus specified to generate the negative

pressure.

Cementing systems, in which both the cement powder and the monomer liquid are
already packed in separate compartments of the mixing systems and are mixed with

each other in the cementing system only right before application of the cement, are a
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development of cementing technology. Said full-prepacked mixing systems were
proposed through EP 0692 229 A1, DE 102009 031 178 B3, US 5,997,544 A

US 6,709,149 B1, DE 698 12 726 T2, and US 5,588,745 A. Patent
DE 10 2009 031 178 B3 discloses a closed vacuum mixing system having a two-part
dispensing plunger for closure of a cement cartridge. A combination of a gas-
permeable sterilisation plunger and a gas-impermeable sealing plunger is used in this
context. This principle of a closed vacuum mixing system is implemented in the
closed cementing system, PALACOS® PRO, made and distributed by Heraeus
Medical GmbH.

Accordingly, it is the object of the invention to overcome the disadvantages of the
prior art. In particular, a closed vacuum mixing system of a simple design and
Inexpensive to manufacture for polymethylmethacrylate bone cement and a method
for the mixing of the two component bone cement in a vacuum are to be provided. An
alternative solution shall be provided as well this context. Preferably, the vacuum
mixing system is to have as few mobile parts as possible. In particular, the dispensing
plunger is to have a simple design as well. The vacuum mixing system shall be easy

and intuitive to operate.

Said vacuum mixing system is to contain a cement cartridge, in which the cement
powder Is stored, as well as a separate reservoir container in which the monomer
liquid Is present. Accordingly, the monomer liquid is stored separate from the cement
powder. Any contact of the medical users with said components shall be excluded
before and after the mixing of the two cement components, i.e. the cement powder
and the monomer liquid. Therefore, the reservoir container must be opened and the
monomer must be transferred in a closed system. The cement powder must not
contact the medical user either. During an ethylene oxide sterilization of the vacuum
mixing system, it is inevitable that the ethylene oxide penetrates into and then exits
from the cement powder present in the cement cartridge. The cartridge must have an
opening to the ambient atmosphere with a large gas exchange surface for said gas
exchange. However, this cement powder must not exit from the cement cartridge

during this process. This means that the vacuum mixing system must be designed
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appropriately such that a gas exchange is feasible with no cement powder exiting.
Moreover, it must be possible to close the cement cartridge during the mixing process
In vacuum-tight manner. It is therefore the object of the invention to provide a vacuum
mixing device which reconciles the contradiction that exists between the maximal gas
permeability of the cement cartridge for gas exchange during the ethylene oxide
sterilization and concurrent prevention of the exit of cement powder as well as the
vacuum tightness of the cement cartridge during the mixing process. The vacuum
mixing system to be developed shall be made, if possible, from common

thermoplastic materials by means of injection moulding and thus shall be suitable for

single-use applications.

Moreover, a device that is inexpensive to manufacture and working reliably for the
mixing of a medical cement and, if applicable, for storage of the starting components,
and a method for the mixing of the bone cement is to be devised, in which a simple

manual operation can be used to mix the starting components, if possible without air

Inclusions arising in the cement dough.

The main component of the polymethylmethacrylate bone cement shall be a powder
and the second component shall be present in the form of a liquid. Preferably, it shall
be possible to store the two starting components of the bone cement separate from

each other in the vacuum mixing system and to combine them safely through the use

of the device.

The objects of the invention are met by a vacuum mixing system for the mixing of
polymethylmethacrylate bone cement comprising at least one cartridge having an
evacuatable internal space for the mixing of the bone cement, whereby the internal
space comprises a cylindrical swept volume, a mixing element that is arranged in the
Internal space of the cartridge such as to be mobile and can be operated from outside
the vacuum mixing system in order to mix the content in the internal space of the
cartridge, and a dispensing plunger having a cylindrical external circumference whose
first base surface borders a base surface of the internal space of the cartridge and
which can be or is locked to the cartridge in detachable manner and which, in the

detached state, is mobile in the cylindrical region of the internal space of the
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cartridge, whereby a gas-permeable and particle-impermeable feedthrough is
arranged in the dispensing plunger or a feedthrough is formed between the
dispensing plunger and the internal wall of the internal space, whereby the
feedthrough extends from an opening in the jacket surface of the dispensing plunger

to an opening In the first base surface of the dispensing plunger.

A cylinder in the scope of the present invention and according to general definition is
a body bounded by two parallel, planar, congruent surfaces (base surface and cover
surface) and a jacket surface and/or cylinder surface, whereby the jacket surface is
formed by parallel straight lines. This means that the cylinder is generated through
shifting a planar surface along a straight line that is not positioned in said plane. The

height of the cylinder is given by the distance between the two planes, in which base

surface and cover surface are situated.

If the straight lines are perpendicular to base surface and cover surface, the structure
Is called a straight cylinder. The straight cylindrical geometry of the internal space is
preferred according to the invention, but particularly preferably relates only to one or
more partial region(s) of the entire internal space of the cartridge. Accordingly in the
scope of the present invention, a straight circular cylinder simply is a special case of

cylindrical geometry though it is a particularly preferred symmetry as it is particularly

easy to produce.

A cylindrical external circumference of the dispensing plunger presently shall be
understood to mean that the dispensing plunger, at least a section there are,
comprises a cylindrical circumference that forms the maximum radial extension with
respect to the dispensing plunger relative to the cylindrical geometry of the cylindrical
section. Regions of the dispensing plunger can just as well be of a shape different
from cylindrical shape, in particular at least one sealing ring, at least one snap-in
means or opposite snap-in means, and a wiper lip can be present in addition to the
opening in the jacket surface. Preferably, the dispensing plunger seals the cylindrical
swept volume, except for the feedthrough and a vacuum connector, by means of the

cylindrical external circumference when the cylindrical external circumference is

arranged inside the swept volume.
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If a feedthrough is formed between the dispensing plunger and the internal wall of the
iInternal space, a groove bordering the feedthrough can be provided, for example, in
the cylinder jacket of the dispensing plunger and/or in the internal wall of the internal
space. In this context, the feedthrough refers to the dispensing plunger touching
against the internal walls of the internal space. The feedthrough in the openings can
therefore also be defined by the regions on which the dispensing plunger does not
touch against the internal walls of the internal space, which can also be defined, for
example, by a depression, a furrow or groove in the otherwise cylindrical internal wall
of the cartridge. However, the feedthrough is preferred to be arranged in the

dispensing piunger.

Presently, negative pressure shall be understood to mean a pressure related to the

ambient atmosphere that is less than the ambient atmospheric pressure.

The bone cement is particularly preferred to be a PMMA bone cement. Preferably, the
polymethylmethacrylate bone cement (PMMA bone cement) is mixed and/or can be
produced from at least two components. Particularly preferably, one component IS

liquid and the other component is powdered.

The cylindrical region of the sweat volume of ihe dispensing plunger can also have
depressions, such as a notch, or projections, such as a spring or a circumferential
ring, arranged on it such that the cylindrical symmetry can be disrupted regionally. As
a result, a snap-in mechanism for snap-means can be implemented on the dispensing
plunger in the cylindrical region. The same applies accordingly to the cylindrical

external circumference of the dispensing plunger.

Preferably, the vacuum mixing system is provided to be gas-tigh't with respect to the

outside and/or can be sealed to be gas-tight.

A refinement of the invention proposes that the dispensing plunger comprises at least
one circumferential seal that seals the internal space of the cartridge with respect to
the outside, whereby it is preferred to have at least one circumferential seal arranged

between a second base surface of the dispensing plunger, which is situated opposite
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from the first base surface of dispensing plunger, and the opening in the jacket

surface of the dispensing plunger.

As a result, the vacuum stability of the internal space i1s improved. This allows the

negative pressure or vacuum in the internal space to be maintained for longer periods

of time.

A variant of an embodiment of the present invention can provide one of the jacket
surfaces of the cartridge wall of the cartridge to comprise an opening, which overlaps
with the opening in the jacket surface of the dispensing plunger while the dispensing
plunger iIs In an opened position, and by means of which the internal space is or can

be connected Iin gas-permeable manner to the surroundings of the vacuum mixing

system.

As a result, the dispensing plunger can be inserted deep and stable into the cartridge.
This allows better stability of the vacuum mixing system to be attained and the

dispensing plunger does not become lodged as easily can be designed to be

somewhat shorter.

In this context, the invention can provide a closure element to be arranged on the
external wall of the cartridge by means of which the opening in the wall of the
cartridge can be closed, preferably a closure element to be arranged on the external

wall of the cartridge that can be shifted in axial direction of the cartridge.

As a result, the opening of the cartridge will does not need to be closed by the
dispensing plunger or at least not by the dispensing plunger alone. Moreover, the
closure element arranged on the outside of the cartridge wall shuts by itself upon the
action of the vacuum in the interior of the internal space and thus seals the opening of
the cartridge wall. Alternatively, the dispensing plunger can be twisted and/or shifted
appropriately with respect to the opening of the cartridge wall such that the

feedthrough no longer overlaps with the opening in the cartridge wall and thus the

feedthrough is and/or can be closed in or on the dispensing plunger.

The embodiment having a closure element on the external wall of the cartridge can

be provided such that the closure element is a circumferential cuff that touches, to fit,
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against the external wall of the cartridge and can be shifted in axial direction of the
cartridge in order to cover and thus close the opening in the wall of the cartridge,
whereby, preferably, at least one handle part is fastened on the cuff and is provided

for manual shifting of the cuff on the external wall of the cartridge.

The cuff does not have to be fully circumferential, but can be interrupted, that means
it can have an axial discontinuity. For this purpose, the cuff can be provided as a ring
segment or tube segment that surrounds the external wall of the cartridge by at least
50%, preferably by at least 60%, particularly preferably by at least 75%. Preferably,

the internal diameter of the cuff is the same or smaller than the external diameter of

the cartridge. This embodiment is particularly easy and inexpensive to implement.

An alternative embodiment of the present invention can provide the dispensing
plunger, in a first lockable position, to project from the cartridge such that the opening
In the jacket surface of the dispensing plunger is open, and can provide the
dispensing plunger, in a second lockable position, to be arranged deeper in the
iInternal space of the cartridge such that the opening in the jacket surface of the

dispensing plunger is closed by the internal wall of the cartridge.

Said embodiment is advantageous in that the cartridge wall can be made without an

opening.

In this context, the invention can provide a circumferential sealing element to be
arranged between the opening in the jacket surface of the dispensing plunger and the
second base surface of the dispensing plunger, which is situated opposite from the

first base surface of the dispensing plunger.

As a resulit, sealing of the internal space of the cartridge in the various positions of the

dispensing plunger is ensured.

Preferred embodiments of the invention can be characterised in that a gas-permeable
particle filter, in particular a pore filter, is arranged in the feedthrough and/or at the
opening to the feedthrough in the jacket surface of the dispensing plunger and/or at
the opening to the feedthrough in the first base surface of the dispensing plunger,

whereby the gas-permeable particle filter is preferred to be impermeable for particles
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having a diameter of more than 1 um, particularly preferably for particles having a

diameter of more than 5 um.

This ensures that the cement powder from the internal space of the cartridge remains
In the internal space, whereas gases can be evacuated from the internal space and

other gases, such as, for example, ethylene oxide can be filled into it.

According to a refinement, the present invention proposes the dispensing plunger to

be gas-tight on its side that points from the interior of the cartridge, except for a

vacuum feedthrough.

The vacuum feedthrough can then be used to draw a vacuum in the inside of the

cartridge once the feedthrough has been closed.

Moreover, the invention can provide the dispensing plunger to comprise, on the first

base surface, a gas-permeable pore disk that is supported by ribbing. This allows the

pore disk to be stabilised mechanically.

According to a further embodiment, the invention can provide that the dispensing
plunger can be pushed axially into the cartridge in order to dispense a bone cement
dough, that has been mixed from a bone cement powder and a monomer liquid,
through a dispensing opening on an end of the cartridge opposite from the dispensing
plunger, whereby the dispensing plunger preferably can be pushed axially into the

cartridge after detaching a locking mechanism.

This ensures that the dispensing plunger can be used for its actual purpose, namely
the dispensing of the cement dough from the cartridge, after the sterilisation of the

content of the internal space and after the mixing of the bone cement components in

d vacuum.

The invention also proposes that a dispensing opening of the cartridge comprises a

connecting means, in particular a connecting thread.

A connecting thread in the form of an internal thread or external thread is particularly
suitable as connecting means. The connecting thread can be used, on the one hand,

to close an application tube and, on the other hand, to fasten the cartridge on a base

or a base element.
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Preferably, the invention can just as well provide the mixing element to be arranged
on a rod that Is guided through a gas-tight passage into the interior of the cartridge,
and the mixing element to be mobile by pushing it in and out of the cartridge and by
rotating it in the cartridge, whereby the rod is preferred to comprise a predetermined
breakage site at which the rod can be broken off near the passage once it has been

pulled out of the cartridge.

With the rod being passed through, the mixing element is particularly easy to operate
from outside. Preferably, the rod is guided through a gas-tight passage in the

dispensing plunger into the inside of the cartridge.

Preferred embodiments can be characterized in that the vacuum mixing system
comprises a reservoir container for monomer liquid, in particular comprises a glass
container for monomer liquid, in that the cartridge contains a cement powder,
whereby an opening element for opening of the reservoir container is provided, and

the cartridge is or can be connected via a conduit to the opened reservoir container.

The term "opening element” shall be understood to mean devices, which, when
actuated, can cause the reservoir container of the monomer liquid to be opened.
Exemplary opening devices a specified in DE 10 2010 026 497 B4 and DE 10 2010
026 496 B4.

It iIs a crucial advantage of glass ampoules, as reservoir containers, that these are
fully diffusion-proof and therefore impermeable for the monomer liquid. As a result,
the monomer liquid can be stored for several years at temperature without any

losses.

In this context the invention can provide the vacuum mixing system to comprise a
base element, whereby the base element stores the cartridge, the reservoir container,

and the opening element.

The base element and/or the base integrates cartridge and further components the
can be connected to the cartridge. Moreover, the base element can be used to set-up

the vacuum mixing system in stable manner.
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In this context, the invention can provide the base element to comprise a coupling

means for a non-positive fit- and/or positive fit-like connection to the cartridge, in

particular to the connecting means on the dispensing opening of the cartridge.

This allows a stable and tight connection of the cartridge to the base element to be

detained.

The invention can just as well provide a valve element controlling and/or triggering the

outflow of the monomer liquid from the reservoir container into the cartridge to be

arranged in the conduilit.

By this means, the monomer and/or the second cement component can be prevented
from inadvertently and prematurely mixing, which might lead to chemical curing of the

cement in the cartridge and ensuing blockage of the vacuum mixing system.

Vacuum mixing systems according to the invention characterised in that a snap-in
means is provided on the cartridge and at least one opposite snap-in means is
provided on the dispensing plunger, whereby the dispensing plunger is detachably
locked to the snap-in means in the cartridge in one position or is detachably locked in
at least two positions, whereby the feedthrough is opened in a first locked position

and is closed in gas-tight manner in a second locked position.

As a result, it can be insured that the snap in dispensing plunger is not inadvertently
move In response to the effect of the vacuum. When the dispensing plunger is
detached, the dispensing plunger can be moved in targeted manner by the vacuum.
When the dispensing plunger is locked in the second position or the feedthrough is
closed by the closure element, the vacuum can be used (through the vacuum
connector in the dispensing plunger) to aspirate the monomer liquid and/or the
second liguid cement component into the cartridge such that it can be mixed therein

with the cement powder inside the cartridge by means of the mixing element.

The underlying objects of the invention are also met by a method for the mixing of
polymethylmethacrylate bone cement in a cartridge of a vacuum mixing system, in
particular of a vacuum mixing system according to the invention, in which an internal

space of a cartridge that is closed by a dispensing plunger is opened by a gas-
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permeable feedthrough in the dispensing plunger, whereby gas is evacuated from the
internal space and the internal space is filed with a sterilising gas, whereby
subsequently the feedthrough is closed by shifting the dispensing plunger or is closed
by operating a closure element on the external circumference of the cartridge,
followed by evacuating the internal space through a vacuum feedthrough and

followed by mixing starting components of the bone cement with a mixing element in

the internal space of the cartridge in a vacuum.

In this context, the invention can provide the dispensing plunger to be locked to the
cartridge after the insertion of dispensing plunger into the cartridge and/or the
dispensing plunger to be locked after the shifting of the dispensing plunger such that
it iIs not drawn into the cartridge in response to the effect of the negative pressure,
and the locking to be detached after the bone cement is mixed and the mixed bone
cement dough to be expelled from the cartridge by propelling the dispensing plunger

In the internal space of the cartridge through an opposite dispensing opening.

Moreover, the invention can provide the internal space of the cartridge to contain a
cement powder, a monomer liquid to be supplied into the internal space of the
cartridge, preferably to be aspirated into the internal space of the cartridge by the

negative pressure, and the monomer liquid to be mixed with the cement powder in be

evacuated internal space of the cartridge.

The invention I1s based on the surprising finding that, having a feedthrough in or on

the dispensing plunger, which is connected to an opening in the jacket surface of the
working plunger and with an opening in the first base surface of the cylindrical

dispensing plunger oriented at the internal space, allows the internal space of a
cartridge for the mixing of bone cement to be made accessible from outside for an
evacuation and a sterilization by a gas (such as ethylene oxide), and, concurrently,
the option to close the feedthrough allows to make the internal space evacuatable
through an additional vacuum feedthrough at ambient monomer pressure such that
the content can be mixed in response to the effect of a vacuum. The opening to the
internal space can be sealed simply by shifting or twisting the dispensing plunger or

by means of a closure element on the external wall of the cartridge. As a result, the
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vacuum mixing system according to the invention is particularly easy to use and

operate, whereby the design is easy to implement and inexpensive to realise.

A closed vacuum mixing system according to the invention is composed, for example,
of a cement cartridge, in which a mixing element is arranged, whereby the mixing
element can be axially moved by means of an actuation rod that is guided out on a
first cement cartridge end, and the first cement cartridge end is closed by a cylinder-
shaped dispensing plunger. The vacuum mixing system is characterised in that

a) at least one opening in the cartridge wall is arranged at the first cement

cartridge end;
b) a closure element is arranged on the external wall of the cement cartridge that

can be shifted and has a length in axial direction at least equal to the axial length of

the at least one opening in the cartridge wall, and

C) the dispensing plunger possesses at least one opening in the cylinder-shaped

jacket surface.

The cement cartridge is a cartridge that is well-suited for storing a cement component

and for mixing a cement dough.

The opening in the cartridge wall can be provided to be circular, elliptical or
rectangular. Besides, any regular or irregular-shaped openings are well-suited as

well.

The shiftable closure element is provided as a hollow cylinder or as a hollow cylinder
having an axial discontinuity, whereby the hollow cylinder has an internal diameter
that is equal to or smaller than the external diameter of the cement cartridge. The
closure element in the non-closed state can be arranged below the at least one
opening In the jacket surface of the cement cartridge. In this state, ethylene oxide can
flow through the opening into the interior of the cement cartridge and exit again once
the sterilization is completed. When the closure element is being pushed axially over
the at least one opening such that said one opening is fully covered, the internal

space of the cement cartridge is closed in gas-tight manner.
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The vacuum mixing system according to the invention can be characterised, for
example, in that the cylinder-shaped dispensing plunger
a) IS provided to be gas-tight on its top;
b) possesses a vacuum connector on the top;
C) possesses a gas-permeable pore disk on the bottom that is supported by a
ribbing;
d) an internal space that is formed by the gas-tight top, the ribbing of the pore
disk, and the internal cylindrical jacket surface;
e) the vacuum connector is connected to the internal space in gas-permeable
manner; and in that
f) at least one opening is arranged on the jacket surface and has an axial length
that is smaller than or equal to the distance between the gas-tight top and the ribbing,
whereby the at least one opening is connected, in gas-permeable manner, to the pore

disk via the internal space.

Preferably, the dispensing plunger of the vacuum mixing system is detachably
arranged in the cement cartridge in appropriate manner such that the at least one
opening of the cylindrical jacket surface of the dispensing plunger overlaps with the at
least one opening of the cements cartridge wall at least partly. As a result, during the
sterilisation with ethylene oxide, the gas can enter into the interior of the cement
cartridge through the overlapping openings. After completion of the sterilization, the
remaining ethylene oxide can exit from the cement cartridge through these
overlapping openings. In this context, the large surface of the facilitates the exiting of

the gas.

It is essential for the function of a vacuum mixing system having a shiftable closure
element that the closure element fully covers the at least one opening in the cement

cartridge wall after the shift onto the first cement cartridge end. As a result, the
Internal space of cement cartridge is closed in gas-tight manner. Accordingly, upon
application of the vacuum to the vacuum connector on the top of the dispensing
plunger, a vacuum can be generated in the internal space of the cement cartridge

without any air being able to flow into the cement cartridge from outside. The vacuum
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In the interior of the cement cartridge aspirates the closure element onto the cement

cartridge. As a result, the closure element is pressed against the external wall of the
cement cartridge and the gas-tight seal is reinforced. Accordingly, as an alternative,
the closure element can be arranged on the outside the cartridge such that it can
rotate, whereby the closure element, in a first position, leaves the opening open and,

In @ second, rotated position, closes the opening.

It Is advantageous that the rod and/or the actuation rod for the mixing element
comprises a predetermined breakage site. Preferably, the actuation rod is guided
through a gas-tight feedthrough in the dispensing plunger such that it can rotate and
Is axially mobile in longitudinal direction. Said predetermined breakage site is
arranged appropriately such that the mixing element touches against the bottom of
the dispensing plunger after the actuation rod is pulled upwards out of the cartridge in
the direction of the dispensing plunger, and the actuation rod can be broken off right
at the upper edge of the dispensing plunger. As a result, it is easy to use the pestles
of common manually operated dispensing devices to move the dispensing plunger

axially in the direction of the cartridge head, whereby the cement dough is extruded

from the opposite dispensing opening.

An exemplary vacuum mixing system according to the invention is composed of a
reservoir container for the monomer liquid, a cement cartridge filled with cement

powder, an opening element for opening the reservoir container, and a base element,

whereby the cement cartridge, the reservoir container, and the opening element are

stored Iin the base element. This means that the base element connects the cement

cartridge, the reservoir container, and the opening element to each other.

For this purpose, the base element of the vacuum mixing system according to the
iInvention advantageously contains a coupling means for a non-positive fit-like and/or

positive fit-like connection to the cement cartridge, in particular to the dispensing
opening of the cement cartridge. The coupling means of the base element can be
provided, for example, as a cylinder having an external thread. The dispensing
opening of the cement cartridge can contain an internal thread such that the cement

cartridge can be screwed onto the external thread of the cylinder of the base element.
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As a result, the cement cartridge can be connected to the base element in liquid-tight

manner. In turn, the base element can contain an injection nozzle for introducing the

monomer liquid into the cement powder that is stored in the cement cartridge.

Preferably, a conduit means and/or a conduit is arranged in the base element of the
vacuum mixing system according to the invention. The conduit means connects the

reservoir container into the cement cartridge in appropriate manner such that the

monomer liquid can flow through the conduit means into the reservoir container after
the reservoir container is opened by actuating the opening element. Preferably, the
monomer liquid is aspirated from the reservoir container through the conduit means

into the cement cartridge by the effect of a vacuum.

Similar designs, such as the bevelling of the region of the base surface of the

dispensing plunger facing the internal space or placing a pore filtering of the opening

In the cartridge wall, are more elaborate and/or less favourable to implement, but still

implement the present invention.

Further exemplary embodiments of the invention shall be illustrated in the following

on the basis of ten figures, though without limiting the scope of the invention. In the

figures:

Figure 1: shows a perspective external view of a vacuum mixing system according to

the invention with open feedthrough;

Figure 2: shows a perspective partial sectional view of the vacuum mixing system

according to Figure 1 with open feedthrough;

Figure 3: shows a cross-sectional view of the vacuum mixing system according to

Figures 1 and 2 with open feedthrough;

Figure 4: shows a cross-sectional view of a detail of the vacuum mixing system

according to Figures 1, 2 and 3 with closed feedthrough;

Figure 5: shows a perspective external view of an alternative vacuum mixing system

according to the invention with open feedthrough;
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Figure 6: shows a perspective partial sectional view of the vacuum mixing system

according to Figure 5 with open feedthrough;

Figure 7: shows a cross-sectional view of the vacuum mixing system according to

Figures 5 and 6 with open feedthrough;

Figure 8: shows a cross-sectional view of a detail of the vacuum mixing system

according to Figures 5 to 7 with open feedthrough;

Figure 9: shows a lateral partial sectional view of the vacuum mixing system

according to Figures 5 to 8 with closed feedthrough; and

Figure 10: shows a perspective partial sectional view of the vacuum mixing system

according to Figures 5 to 9 with closed feedthrough.

Openings, feedthroughs, internal spaces, and free spaces, i.e. non-physical parts that
are defined by a surrounding shape only a marked by arrows as reference arrows in
Figures 1 to 10, whereas all physical components and features of the vacuum mixing

systems according to Figures 1 to 10 are identified by reference lines that end at the

corresponding components and/or features.

Figures 1 to 3 show a first exemplary embodiment of the present invention and/or a
first vacuum mixing system according to the invention, in which a feedthrough 12
through a largely cylindrical dispensing plunger 2 is open, and Figure 4 shows the
same exemplary embodiment of the present invention and/or the first vacuum mixing
system according to the invention, in which the feedthrough 1 through the dispensing
plunger 2 is closed. In this context, Figure 1 shows a perspective external view,
Figure 2 shows a perspective partial sectional view, Figure 3 shows a cross-sectional
view, and Figure 4 shows a cross-sectional view of a detail of the vacuum mixing

system according to the invention.

The vacuum mixing system comprises a largely tube-shaped cartridge 4 having an
Internal space 5. The internal space $ contains a cement powder (not shown) for
producing a cement dough from two components. The cartridge 4 is closed on the
front side (on the bottom in Figures 1 to 3 and not shown in Figure 4) by means of a

plate 6, in which an opening having an internal thread 8 is provided. A baseplate (not
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shown) and/or a base (not shown) or a dispensing tube (not shown) for application of
the ready-mixed cement dough can be mounted to the internal thread 8. Via the
baseplate and/or the base, a second liquid container (not shown) containing a liquid
monomer as second liquid component of the bone cement Is connected to the
cartridge 4 by means of a conduit (not shown). For this purpose, the conduit merges
Into a socket on the baseplate and/or base, whereby an external thread is provided
on the socket thread such that the cartridge 4 can be or is screwed onto the socket by
means of the internal thread 8 such that the conduit from the liquid reservoir can be or
IS connected via the conduit to the cartridge 4 in pressure-tight manner. A vacuum
mixing system having a base of this type and/or a baseplate of this type, a conduit of
this type, a socket of this type, and a liquid reservoir of this type is known, for
example from DE 10 2009 031 178 B3 and/or US 8,757,866 B2, such that reference
shall be made to these patents for any details. For the discussion in the following, it
shall be presumed that the front side of the cartridge 4 is initially closed towards the
outside by the cartridge 4 being screwed onto a base of this type and/or a baseplate

of this type of the vacuum mixing system by means of the internal thread 8.

The cartridge 4 is closed on the rear side (towards the top in Figures 1 to 4) by means
of the dispensing plunger 2. A feedthrough in the dispensing plunger 2 has a rod 10
extend through it that ends on the front side in the internal space 5 of the cartridge 4
in a mixing element 12 that comprises four mixing vanes that extend radially in the
direction of the wall of the cartridge 4. The rod 10 ends, on the rear side (on the top in
Figures 1 to 3 and not shown in Figure 4), in a handle 14 by means of which the rod
10 can be moved by hand. The rod 10 can be rotated about its axis and is stored in
axial direction (shiftable in longitudinal direction) in the dispensing plunger 2. For this
purpose, two bearing rings 16, 18 are provided in the dispensing plunger 2 and touch

into the fit on the rod 10 and support the rod 10 as in a bearing.

The lower bearing ring 18 also serves to seal the internal space 5 in order to prevent
powder or cement dough from exiting from the internal space 5. Moreover, in order to
seal the internal space 5 in gas-tight and pressure-tight manner, a seal 20 in the form

of an O-ring made of rubber is provided.
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Since the rod 10 can be rotated by hand and shifted axially, the content of the internal

space S5 can be mixed manually by means of the mixing element 12.

The feedthrough 1 through the dispensing plunger 2 is covered on the front side of
the dispensing plunger 2 by means of a pore disk 22. The pore disk 22 prevents the

cement powder from entering into the feedthrough 1 and/or the cement powder from

exiting from the vacuum mixing system.

The external circumference of the dispensing plunger 2 has a circumferential seal 24
provided on it in the form of an O ring made of rubber by means of which the
Intervening space between the dispensing plunger 2 and the internal wall of the
cartridge 4 is sealed and to allow the internal space 5 to be closed with respect to the
outside in gas-tight and pressure-tight manner, when the dispensing plunger 2 is

pushed and/or inserted deeply enough into the cartridge 4, as is shown, for example,

in Figure 4.

The dispensing plunger 2 comprises, on the front side, a circumferential wiper lip 26
by means of which, upon dispensation of a ready-mixed bone cement from the
Internal space 5§ through the opening in the plate 6 by means of the dispensing
plunger 2, all of the cement dough is propelled towards the front without any cement
dough being squeezed from the internal space 5 past the wiper lip 26. The wiper lip
26 is deformed for this purpose. In this context, the wiper lip 26 does not project into
the wall of the cartridge 4, as shown in Figure 4, but is deformed accordingly with
respect to its original shape that is shown in Figure 4. Due to the elastic force arising
In the process, the internal space 5 is sealed by the wiper lip 26. The same sealing

principle, with respect to the rod 10 in this case, is also used for the lower bearing ring
18.

In the dispensing plunger 2, the rod 10 is guided through a sleeve 28 of the
dispensing plunger 2. Four struts 30 extend radially, as part of the dispensing plunger

2, from the sleeve 28 in the direction of the external circumference of the dispensing

- plunger 2. The struts 30 serve for mechanical stabilisation and shaping of the

dispensing plunger 2 and for positioning of the pore disk 22. The dispensing plunger 2

Is closed on the rear side between the openings in the jacket surface of the
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dispensing plunger 2 for the feedthrough 1 and the rear-side end of the dispensing
plunger 2 (on the top in figures 1 to 4) by a plate 32. The plate 32 is part of the

dispensing plunger 2 and both are provided as a single part.

The vacuum feedthrough 34 that merges into a vacuum connector 36 in the form of a

socket 36 is provided on the plate 32. A hose (not shown) can be plugged onto the

vacuum connector 36 and can be connected to a vacuum source (not shown).

A circumferential spring 38 in the form of a ring 38 is provided in the internal
circumference of the cartridge 4 and is provided as snap-in means 38 for locking the
dispensing plunger 2 in the cartridge 4. Two circumferential grooves 40, 42 and/or
circumferential recesses 40, 42 are provided in the dispensing plunger 2 as opposite
snap-in means 40, 42 such that the dispensing plunger 2 can be locked in two
different positions with respect to its mobility in longitudinal direction in the cartridge 4.
Instead of the system consisting of groove 40, 42 and spring 38, other locking means

that can, for example, be deformed by hand and are thus easier to detach can be

provided just as well without limiting the invention in any way or shape.

Initially, the bone cement powder is filled into the cartridge 4 that is closed on the front
plate 6. For this purpose, the dispensing plunger 2 is not yet inserted into the
cartridge 4 Initially. Subsequently, the dispensing plunger 2 is plugged into the
cartridge 4 until the spring 38 locks to the lower groove 40. Said first locked position
of the dispensing plunger to is shown in Figures 1 to 3. The entire cartridge 4 and/or
the entire vacuum mixing system can be disinfected and/or sterilised in a chamber
through the open feedthrough 1 by evacuating the air from the surroundings of the
cartridge 4 and/or of the vacuum mixing system and by filling the surroundings of the

cartridge 4 and/or of the vacuum mixing system with ethylene oxide.

Subsequently, the dispensing plunger 2 is pushed more deeply into the cartridge 4
until the spring 38 engages the upper group 42 and the dispensing plunger 2 is
locked in a second position. The second locked position of the dispensing plunger 2
In the cartridge 4 is shown in Figure 4. The internal wall of the cartridge 4 closes the

openings In the cylinder jacket of the dispensing plunger to twitch the passages 1 in

the second position. The seal 24 closes the internal space 5, except for the vacuum
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feedthrough 36, in pressure-tight and gas-tight manner by the seal 24 touching

against the internal walls of the cartridge 4.

A hose connected to a vacuum source is then connected to the vacuum connector
34. The air is drawn from the internal space 5 through the vacuum feedthrough 36.
5 The pore disk 22 prevents powder from advancing from the internal space 5 into the
vacuum system. Since the internal space 5 is pressure-tight, except for the conduit
connected to the plate 6 and/or the internal thread 8 and the liquid container, the
internal space 5 is being evacuated. The conduit and the liquid reservoir of the
vacuum mixing system are closed towards the outside in gas-tight and pressure-tight
10 manner. The monomer is aspirated from the liquid reservoir through the conduit into

the Internal space 5. It is mixed with the cement powder in this location.

The cement powder can be mixed by hand with the monomer liquid in a vacuum by
means of the mixing element 12 in the internal space 5 by rotating and pushing the
rod 10 in and pulling it out. After the mixing took place, the cartridge 4 is unscrewed
15 from the base and/or baseplate and a dispensing tube (not shown) is screwed onto
the internal thread 8. The dispensing tube can contain a static mixer. The rod 10 can
be pulled out of the internal space 5 all the way to the stop such that the mixing
element 12 touches against the front side of the dispensing plunger 2. The rod 10 can
be broken off at a predetermined breakage site (not shown) by means of the handle
20 14. Subsequently, the cartridge 4 can be inserted into an extrusion device (not

shown) for propelling the dispensing plunger 2 in the cartridge 4, or the dispensing
plunger 2 is propelled by means of a pestle (not shown). For example, the dispensing
plunger 2 can be uniocked from its second position and the dispensing plunger 2 is
propelled in the cartridge 4 by the vacuum that is still being applied, since no vacuum,

25  but rather ambient pressure, is now being applied outside the cartridge 4.

Propelling the dispensing plunger 2 causes the cement dough to be driven from the

internal space 4 of the cartridge 4 and to be applied by means of the dispensing tube.

All parts of the vacuum mixing system are manufactured from plastics by injection
moulding, whereby the seals 20, 24 preferably consists of rubber or another elastic

30 plastic material.
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Figures 5 to 8 show a second, alternative exemplary embodiment of the present
Invention and/or a second vacuum mixing system according to the invention, in which
a feedthrough 101 through a largely cylindrical dispensing plunger 102 is open, and
Figures 9 and 10 show the same alternative exemplary embodiment of the present
iInvention and/or the second vacuum mixing system according to the invention, in
which the feedthrough 101 through the dispensing plunger 102 is closed. In this
context Figure 5 shows a perspective external view, Figure 6 shows a perspective
partial sectional view, Figure 7 shows a cross-sectional view, Figure 8 shows a cross-
sectional view of a detail, Figure 9 shows a lateral partial sectional view, and

capitalize 10 shows a perspective partial sectional view of the vacuum mixing system.

The design of this alternative embodiment is essentially similar to the design of the

first exemplary embodiment.

The vacuum mixing system comprises a largely tube-shaped cartridge 104 having an
Internal space 105. The internal space 105 contains a cement powder (not shown) for
producing a cement dough from two components. The cartridge 104 is closed on the
front side (on the bottom in Figures 5 to 7 and 9 and not shown in Figure 8) by means
of a plate 106, in which an opening having an internal thread 108 is provided. A
baseplate (not shown) and/or a base (not shown) or a dispensing tube (not shown) for
application of the ready-mixed cement dough can be mounted to the internal thread
108. Via the baseplate and/or the base, a second liquid container (not shown)
containing a liquid monomer as second liquid component of the bone cement is
connected to the cartridge 104 by means of a conduit (not shown). For this purpose,
the conduit merges into a socket on the baseplate and/or base, whereby an external
thread Is provided on the socket thread such that the cartridge 104 can be or is
screwed onto the socket by means of the internal thread 108 such that the conduit
from the liquid reservoir can be or is connected via the conduit to the cartridge 104 in

pressure-tight manner. A vacuum mixing system having a base of this type and/or a

baseplate of this type, a conduit of this type, a socket of this type, and a liquid
reservoir of this type is known, for example from DE 10 2009 031 178 B3 and/or

US 8,757,866 B2, such that reference shall be made to these patents for any details.
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For the discussion in the following, it shall be presumed that the front side of the

cartridge 104 is initially closed towards the outside by the cartridge 104 being
screwed onto a base of this type and/or a baseplate of this type of the vacuum mixing

system by means of the internal thread 108.

The cartridge 104 is closed on the rear side (towards the top in Figures 5 to 10) by
means of the dispensing plunger 102. A feedthrough in the dispensing plunger 102
has a rod 110 extend through it that ends on the front side in the internal space 105 of
the cartridge 104 in a mixing element 112 that comprises four mixing vanes that
extend radially in the direction of the wall of the cartridge 104. The rod 110 ends, on
the rear side (on the top in Figures 5 to 7 and 9 and 10, and not shown in Figure 8), in
a handle 114 by means of which the rod 110 can be moved by hand. The rod 110 can
be rotated about its axis and is stored in axial direction (shiftable in longitudinal
direction) in the dispensing plunger 102. For this purpose, two bearing rings 116, 118
are provided in the dispensing plunger 102 and touch into the fit on the rod 110 and

support the rod 110 as in a bearing.

The lower bearing ring 118 also serves to seal the internal space 105 in order to
prevent powder or cement dough from exiting from the internal space 105. Moreover,
In order to seal the internal space 105 in gas-tight and pressure-tight manner, a seal

120 in the form of an O-ring made of rubber is provided.

Since the rod 110 can be rotated by hand and shifted axially, the content of the

internal space 105 can be mixed manually by means of the mixing element 112.

The feedthrough 101 through the dispensing plunger 102 is covered on the front side
of the dispensing plunger 102 by means of a pore disk 122. The pore disk 122
prevents the cement powder from entering into the feedthrough 101 and/or the

cement powder from exiting from the vacuum mixing system.

The external circumference of the dispensing plunger 102 has a circumferential seal
124 provided on it in the form of an O ring made of rubber by means of which the
intervening space between the dispensing plunger 102 and the internal wall of the

cartridge 104 is sealed and to allow the internal space 105 to be closed with respect
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to the outside in gas-tight and pressure-tight manner, when the dispensing plunger

102 is pushed and/or inserted into the cartridge 104, as is shown in Figures 5 to 10.

The dispensing plunger 102 comprises, on the front side, a circumferential wiper lip
126 by means of which, upon dispensation of a ready-mixed bone cement from the
internal space 105 through the opening in the plate 106 by means of the dispensing
plunger 102, all of the cement dough is propelled towards the front without any
cement dough being squeezed from the internal space 105 past the wiper lip 126.
The wiper lip 126 is deformed for this purpose. The wiper lip 126 is deformed from its
original shape accordingly. Due to the elastic force arising In the process, the internal
space 105 is sealed by the wiper lip 126. The same sealing principle, with respect to

the rod 110 in this case, Is also used for the lower bearing ring 118.

In the dispensing plunger 102, the rod 110 is guided through a sleeve 128 of the
dispensing plunger 102. Four struts 130 of the dispensing plunger 102 extend radially

from the sleeve 128 in the direction of the external circumference of the dispensing
plunger 102. The struts 130 serve for mechanical stabilisation and shaping of the
dispensing plunger 102 and for positioning of the pore disk 122. The dispensing
plunger 102 is closed on the rear side between the openings in the jacket surface of
the dispensing plunger 102 for the feedthrough 101 and the rear-side end of the
dispensing plunger 102 (on the top in figures 5 to 10) by a plate 132. The plate 132 is
part of the dispensing plunger 102 and both are provided as a single part.

The vacuum feedthrough 134 that merges into a vacuum connector 136 in the form of
a socket 136 is provided on the plate 132. A hose (not shown) can be plugged onto

the vacuum connector 136 and can be connected to a vacuum source (not shown).

A circumferential spring 138 in the form of a ring 138 Is provided in the internal
circumference of the cartridge 104 and is provided as snap-in means 138 for locking
the dispensing plunger 102 in the cartridge 104. A circumferential groove 140 and/or
a circumferential recess 140 is provided in the dispensing plunger 102 as opposite
snap-in means 140 such that the dispensing plunger 102 can be locked with respect

to its mobility in longitudinal direction in the cartridge 104. Instead of the system

consisting of groove 140 and spring 138, other locking means that can, for example,
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be deformed by hand and are thus easier to detach can be provided just as well

without limiting the invention in any way or shape.

At least one opening 143 Is provided in the wall of the cartridge 104 and, in the
position of the dispensing plunger 102 shown in Figures 4 to 10, overlaps with the
5 opening In the jacket surface the dispensing plunger 102 that leads to the
feedthrough 101 through the dispensing plunger 102. A ring-shaped cuff 144 is
provided as closure element 144 on the external circumference of the cartridge 104.
Said cuff 144 has an internal circumference that is equal in size or slightly smaller
than the external circumference of the cartridge 104 such that the cuff 144 fits on the
10 cartridge 104. By means of projections 146 or handles 146, the cuff 144 can be

moved along the cylinder axis of the cartridge 104 and can thus close the openings

143 In the wall of the cartridge 104.

Initially, the bone cement powder is filled into the cartridge 104 that is closed on the
front plate 106. For this purpose, the dispensing plunger 102 is not yet inserted into
15 the cartridge 104 initially. Subsequently, the dispensing plunger 102 is plugged into
the cartridge 104 until the spring 138 locks to the groove 140. In this context, the cuff
144 does not cover the opening 143 and/or openings 143. Said opened position is
shown In Figures 5 to 8. The entire cartridge 104 and/or the entire vacuum mixing
system can be disinfected and/or sterilised in a chamber through the open
20 feedthrough 101 and the opened opening 143 by evacuating the air from the
surroundings of the cartridge 104 and/or of the vacuum mixing system and by filling

the surroundings of the cartridge 104 and/or of the vacuum mixing system with

ethylene oxide.

Subsequently, the cuff 144 is pushed over the opening 143. The cuff 144 closes the
25 openings 143 or the opening 143 in the walls of the cartridge 104 towards the
feedthroughs 101. The seal 124 closes the internal space 105, except for the vacuum

feedthrough 136, in pressure-tight and gas-tight manner by the seal 124 touching

against the internal walls of the cartridge 104.

A hose connected to a vacuum source is then connected to the vacuum connector

30 134. The air is drawn from the internal space 105 through the vacuum feedthrough
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136. The pore disk 122 prevents powder from advancing from the internal space 105
into the vacuum system. Since the internal space 105 Is pressure-tight, except for the
conduit connected to the plate 106 and/or the internal thread 108 and the liquid
container, the internal space 105 is being evacuated. Due to the vacuum in the
internal space 1095, the cuff 144 is pushed onto the opening 143 and/or Is being
aspirated and the opening 143 is effectively closed by this means. The conduit and
the liquid reservoir of the vacuum mixing system are closed towards the outside in
gas-tight and pressure-tight manner. The monomer is aspirated from the liquid

reservoir through the conduit into the internal space 105. It is mixed with the cement

powder in this location.

The cement powder can be mixed by hand with the monomer liquid in a vacuum by
means of the mixing element 112 in the internal space 105 by rotating and pushing
the rod 110 in and pulling it out. After the mixing took place, the cartridge 104 is
unscrewed from the base and/or baseplate and a dispensing tube (not shown) is
screwed onto the internal thread 108. The dispensing tube can contain a static mixer.
The rod 110 can be pulled out of the internal space 105 all the way to the stop such
that the mixing element 112 touches against the front side of the dispensing plunger
102. The rod 110 can be broken off at a predetermined breakage site (not shown) by
means of the handle 114. Subsequently, the cartridge 104 can be inserted into an
extrusion device (not shown) for propelling the dispensing plunger 102 in the cartridge
104, or the dispensing plunger 102 is propelled by means of a pestle (not shown). For
example, the dispensing plunger 102 can be unlocked from its locked position and the
dispensing plunger 2 is propelled in the cartridge 104 by the vacuum that is still being

applied, since no vacuum, but rather ambient pressure, is now being applied outside
the cartridge 104.

Propelling the dispensing plunger 102 causes the cement dough to be driven from the

internal space 105 of the cartridge 104 and to be applied by means of the dispensing

tube.
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All parts of the vacuum mixing system are manufactured from plastics by injection

mouiding, whereby the seals 120, 124 preferably consists of rubber or another elastic

plastic material.

The features of the invention disclosed in the preceding description and in the claims,
figures, and exemplary embodiments, can be essential for the implementation of the

various embodiments of the invention both alone and in any combination.

List of reference numbers

1, 101 Feedthrough

2, 102 Dispensing plunger

4, 104 Cartridge

5, 105 Internal space of the cartridge
6, 106 Plate

8, 108 Internal thread

10, 110 Rod

12, 112 Mixing element

14, 114 Handle

16, 116 Bearing / bearing ring
18, 118 Bearing / bearing ring
20, 120 Seal / O-ring

22, 122 Pore disk

24,124 Seal / O-ring

26, 126 Wiper lip

28, 128 Sleeve

30, 130 Strut

32, 132 Plate

34, 134 Vacuum connector / socket

36, 136 Vacuum feedthrough



38, 138
40, 140
42

143
144
146
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Spring
Groove / recess
Groove / recess
Opening in the cartridge wall
Closure element / cuff

Projection / handle
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Claims

Vacuum mixing system for the mixing of polymethylmethacrylate bone cement,
comprising

at least one cartridge (4, 104) having an evacuatable internal space (5, 105)
for the mixing of the bone cement, whereby the internal space (5, 105)
comprises a cylindrical swept volume,

a mixing element (12, 112) that is arranged in the internal space (5, 105) of the
cartridge (4, 104) such as to be mobile and can be operated from outside the
vacuum mixing system in order to mix the content in the internal space (5, 105)
of the cartridge (4, 104), and

a dispensing plunger (2, 102) having a cylindrical external circumference
whose first base surface borders a base surface of the internal space (5, 105)
of the cartridge (4, 104) and which can be or is locked to the cartridge (4, 104)
In detachable manner and which, in the detached state, is mobile in the
cylindrical region of the internal space (5, 105) of the cartridge (4, 104),
whereby a gas-permeable and particle-impermeable feedthrough (1, 101) is
arranged in the dispensing plunger (2, 102) or a feedthrough (1, 101) is formed
between the dispensing plunger (2, 102) and the internal wall of the internal
space (5, 105), whereby the feedthrough (1, 101) extends from an opening in
the jacket surface of the dispensing plunger (2, 102) to an opening in the first

base surface of the dispensing plunger (2, 102).

Vacuum mixing system according to claim 1, characterised in that

the dispensing plunger (2, 102) comprises at least one circumferential seal (20,
120) that seals the internal space (5, 105) of the cartridge (4, 104) with respect
to the outside, whereby it is preferred to have at least one circumferential seal
(20, 120) arranged between a second base surface of the dispensing plunger

(2, 102), which is situated opposite from the first base surface of dispensing
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plunger (2, 102), and the opening in the jacket surface of the dispensing
plunger (2, 102).

Vacuum mixing system according to claim 1 or 2, characterised in that

one of the jacket surfaces of the cartridge wall of the cartridge (4, 104)
comprises an opening (143), which overlaps with the opening in the jacket
surface of the dispensing plunger (2, 102) while the dispensing plunger (2,
102) 1s In an opened position, and by means of which the internal space (5,
105) 1s or can be connected in gas-permeable manner to the surroundings of

the vacuum mixing system.

Vacuum mixing system according to claim 3, characterised in that

a closure element (144) is arranged on the external wall of the cartridge (4,
104) by means of which the opening (143) in the wall of the cartridge (4, 104)
can be closed, preferably a closure element (144) is arranged on the external

wall of the cartridge (4, 104) that can be shifted in axial direction of the
cartridge (4, 104).

Vacuum mixing system according to claim 4, characterised in that
the closure element (144) is a circumferential cuff (144) that touches, to fit,
against the external wall of the cartridge (4, 104) and can be shifted in axial

direction of the cartridge (4, 104) in order to cover and thus close the opening
(143) in the wall of the cartridge (4, 104), whereby, preferably, at least one
handle part (146) is fastened on the cuff (144) and is provided for manual
shifting of the cuff (144) on the external wall of the cartridge (4, 104).

Vacuum mixing system according to any one of the claims 1 or 2,
characterised in that

the dispensing plunger (2, 102), in a first lockable position, projects from the
cartridge (4, 104) such that the opening in the jacket surface of the dispensing
plunger (2, 102) is open, and in that the dispensing plunger (2, 102), in a
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second lockable position, is arranged deeper in the internal space (5, 105) of
the cartridge (4, 104) such that the opening In the jacket surface of the
dispensing plunger (2, 102) is closed by the internal wall of the cartridge (4,
104).

Vacuum mixing system according to claim 6, characterised in that

a circumferential sealing element (20, 120) is arranged between the opening in
the jacket surface of the dispensing plunger (2, 102) and the second base
surface of the dispensing plunger (2, 102), which is situated opposite from the

first base surface of the dispensing plunger (2, 102).

Vacuum mixing system according to any one of the preceding claims,
characterised in that

a gas-permeable particle filter (22, 122), in particular a pore filter (22, 122), is
arranged in the feedthrough (1, 101) and/or at the opening to the feedthrough
(1, 101) in the jacket surface of the dispensing plunger (2, 102) and/or at the
opening to the feedthrough (1, 101) in the first base surface of the dispensing
plunger (2, 102), whereby the gas-permeable particle filter (22, 122) is
preferred to be impermeable for particles having a diameter of more than 1 um,

particularly preferably for particles having a diameter of more than 5 ym.

Vacuum mixing system according to any one of the preceding claims,
characterised in that

the dispensing plunger (2, 102) is gas-tight on its side that points from the
Interior of the cartridge (4, 104), except for a vacuum feedthrough (36, 136).

Vacuum mixing system according to any one of the preceding claims,

characterised in that

the dispensing plunger (2, 102) comprises, on the first base surface, a gas-

permeable pore disk (22, 122) that is supported by ribbing.
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Vacuum mixing system according to any one of the preceding claims,
characterised in that

the dispensing plunger (2, 102) can be pushed axially into the cartridge (4,
104) in order to dispense a bone cement dough, that has been mixed from a
bone cement powder and a monomer liquid, through a dispensing opening on
an end of the cartridge (4, 104) opposite from the dispensing piunger (2, 102),
whereby the dispensing plunger (2, 102) preferably can be pushed axially into

the cartridge (4, 104) after detaching a locking mechanism.

Vacuum mixing system according to any one of the preceding claims,

characterised in that
a dispensing opening of the cartridge (4, 104) comprises a connecting means

(8, 108), In particular a connecting thread.

Vacuum mixing system according to any one of the preceding claims,
characterised in that

the mixing element (12, 112) is arranged on a rod (10, 110) that is guided
through a gas-tight passage into the interior of the cartridge (4, 104), and the
mixing element (12, 112) is mobile by pushing it in and out of the cartridge (4,
104) and by rotating it in the cartridge (4, 104), whereby the rod (10, 110) is
preferred to comprise a predetermined breakage site at which the rod (10, 110)
can be broken off near the passage once it has been pulled out of the cartridge
(4, 104).

Vacuum mixing system according to any one of the preceding claims,
characterised in that

the vacuum mixing system comprises a reservoir container for monomer liquid,
iIn particular comprises a glass container for monomer liquid, in that the
cartridge (4, 104) contains a cement powder, whereby an opening element for
opening of the reservoir container is provided, and the cartridge (4, 104) is or

can be connected via a conduit to the opened reservoir container.
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Vacuum mixing system according to claim 14, characterised In that
the vacuum mixing system comprises a base element, whereby the base
element stores the cartridge (4, 104), the reservoir container, and the opening

element.

Vacuum mixing system according to claim 15, characterised in that
the base element comprises a coupling means for a non-positive fit- and/or
positive fit-like connection to the cartridge (4, 104), in particular to the

connecting means (8, 108) on the dispensing opening of the cartridge (4, 104).

Vacuum mixing system according to any one of the claims 14 to 16,

characterised in that

a valve element controlling and/or triggering the outflow of the monomer liquid
from the reservoir container into the cartridge (4, 104) is arranged In the

conduit.

Vacuum mixing system according to any one of the claims 14 to 16,
characterised in that

a snap-in means (38, 138) is provided on the cartridge (4, 104) and at least
one opposite snap-in means (40, 42, 140) is provided on the dispensing
plunger (2, 102), whereby the dispensing plunger (2, 102) is detachably locked
to the snap-in means (38, 138) In the. cartridge (4, 104) in one position or is
detachably locked in at least two positions, whereby the feedthrough (1, 101) is
opened In a first locked position and is closed in gas-tight manner in a second

locked position.

Method for the mixing of polymethylmethacrylate bone cement in an internal
space of a cartridge (4, 104) of a vacuum mixing system, in particular of a
vacuum mixing system according to any one of the preceding claims,

characterised in that
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an Iinternal space (5, 105) of a cartridge (4, 104) that is closed by a dispensing
plunger (2, 102) is opened by a gas-permeable feedthrough (1, 101) in or on
the dispensing plunger (2, 102), whereby gas is evacuated from the internal
space (5, 105) and the internal space (5, 105) is filled with a sterilising gas,
whereby subsequently the feedthrough (1, 101) is closed by shifting the
dispensing plunger (2, 102) or is closed by operating a closure element (144)
on the external circumference of the cartridge (4, 104), followed by evacuating
the internal space (5, 105) through a vacuum feedthrough (36, 136) and
followed by mixing starting components of the bone cement with a mixing
element (12, 112) in the internal space (5, 105) of the cartridge (4, 104) in a

vacuum.

Method according to claim 19, characterised in that

the dispensing plunger (2, 102) is locked to the cartridge (4, 104) after the
insertion of dispensing plunger (2, 102) into the cartridge (4, 104) and/or the
dispensing plunger (2, 102) is locked after the shifting of the dispensing
plunger (2, 102) such that it is not drawn into the cartridge (4, 104) in response
to the effect of the negative pressure, and the locking is detached after the
bone cement is mixed and the mixed bone cement dough is expelled from the
cartridge (4, 104) by propelling the dispensing plunger (2, 102) in the internal
space (5, 105) of the cartridge (4, 104) through an opposite dispensing

opening.

Method according to claim 19 or 20, characterised in that

the internal space (5, 105) of the cartridge (4, 104) contains a cement powder,
a monomer liquid Is guided into the internal space (5, 105) of the cartridge (4,
104), preferably by the negative pressure in the internal space (5, 105) of the
cartridge (4, 104), and the monomer liquid is mixed with the cement powder in

the evacuated interior space (5, 105) of the cartridge (4, 104).
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