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(57) Abrégée/Abstract:
The present invention relates to a device for producing a hardenable mass, preferably bone substitute and/or bone reinforcing

material or bone cement or similar material. A mixing container (3) has a mixing space (4) in which at least one powder and at least
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(57) Abrege(suite)/Abstract(continued):
one liquid component (5, 6) are mixed to provide the hardenable mass (2). A piston means (/) Is provided In the mixing space (4) of

the mixing container (3). At least one means (8) which Is rotatable relative to the mixing container (3) cooperates with the piston
means (/) for, In a retaining position (P1), retaining said piston means (/) relative to the mixing container (3) and, by rotation to a
release position (P2), releasing the piston means (/) such that said piston means can move In a direction (U) towards at least one
opening (49) through which said mass (2) can pass out of the mixing space (4). The rotatable means (8) Is provided such that it In
its release position (P2) can follow the piston means (/) in the mixing space (4) in the direction (U) towards said opening (49).
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(54) Title: DEVICE FOR PRODUCING A HARDENABLE MASS

(57) Abstract: The present invention relates to a device for producing a
63 /\_// 13 hardenable mass, preferably bone substitute and/or bone reinforcing mate-
. \ rial or bone cement or similar material. A mixing container (3) has amixing

space (4) in which at least one powder and at least one liquid component

X -- = (5, 6) are mixed to provide the hardenable mass (2). A piston means (7)
"‘-” 7 is provided in the mixing space (4) of the mixing container (3). At least
\ '/ / J‘ 45 one means (&) which is rotatable relative to the mixing container (3) coop-

/ erates with the piston means (7) for, in a retaining position (P1), retaining
/ said piston means (7) relative to the mixing container (3) and, by rotation
59T, é yan 45b to a release position (P2), releasing the piston means (7) such that said pis-
A ( 452 ton means can move in a direction (U) towards at least one opening (49)
: : through which said mass (2) can pass out of the mixing space (4). The ro-
S~ o 25 tatable means (8) is provided such that it in its release position (P2) can
follow the piston means (7) in the mixing space (4) in the direction (U) to-

Yl wards said opening (49).
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Device for producing a hardenable mass.

The present invention relates to a device for producing a hardenable mass, preferably a
bone substitute and/or bone reinforcing material or bone cement or a similar material, whe-
rein a mixing container has a mixing space in which at least one powder and at least one
liquid component are mixed to provide the hardenable mass. A piston means is provided in
the mixing space of the mixing container, which piston means can be retained relative to the
mixing container and be released such that it can move in relation thereto in a direction to-
wards at least one opening through which mixed mass can pass out of the mixing container,
wherein at least one means which is rotatable relative to the mixing container cooperates
with the piston means for, in a retaining position, retaining said piston means relative to the
mixing container and, by rotation o a release position, releasing the piston means such that
said piston means can move towards the opening.

Osteoporosis is rapidly increasing, particularly in the industrialized countries. One reckons
that about 50% of all women will suffer from fractures due to osteoporosis. The major part of
these fractures are found on older people and lead to increased mortality, invalidity and hu-
ge social costs. Vertebroplasty is a percutaneous injection of bone cement into a vertebra in
order to alleviate pain in a compression fracture caused by osteoporosis. Vertebroplasty was
performed for the first time in France in 1984 and ten years later in the USA. Kyphoplasty
means balloon expansion in a collapsed vertebra for, if possible, reducing the risk for further
collapse of the vertebra and provide a cavity which is filled with bone cement. Kyphoplasty
is regarded as experimental in Europe, but has recently been approved by the FDA for treat-
ment of pathological fractures together with polymeric bone cements. The drawback with
kyphoplasty is that this method requires general anaesthesia. Vertebroplasty however, can
be performed in a surgery in fluoroscopy while administering sedatives and analgesics. Both
methods give satisfactory pain relief in more than 75% of the cases. Early treatment of verie-
bra compression with vertebroplasty is still discussed even if satisfactory pain relietf can be
provided. It is recommended to wait at least six weeks before vertebroplasty is performed.
While waiting, pain killing treatment is tested. Early treatment with vertebroplasty however,
can be considered if there is a risk for complications causing immobilization or if the pain
is severe. A principal object with vertebroplasty is except pain relief to prevent further col-

30 lapse of vertebra. For identifying fractures, MR can be used besides common X-ray, said
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MR also showing oedema in the bone marrow and fracture gaps in the vertebra.
Vertebroplasty is performed with the patient lying on his or her stomach or on the side

during intraveneous sedation and pain relief and under control by a physician. During ad-

ditional local anesthesia, a needle is inserted intc a mandrine in the vertebra during fluoro-

5 scopy via a transpedicular or posteolateral inlet. The needle shall be positioned in the cent-
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re line, preferably in the fore or anterior part of the vertebra. Then, injection of cement is

carried through. Another needie is often necessary for symmedfric filling of the vertebra. The
injection of cement is carefully supervised via TV-fluoroscopy and if leakage occurs outside
the limits of the veriebra, the injection is interrupted. The required volume for adequate pain
relief is small, about 2-3 ml. If larger volumes are used, the risk increases that cement will
leak out, as is the risk that bone marrow will spread info the circulation system during injec-
tion. The injection requires technical knowledge and fraining. Almost all substantial compli-
cations deperid on leakage of cement to the spinal canal or through the injection site. In mo-
re than 20% there is an asymptomatic leakage of cement into paraspinal soft paris or the
lumbar venous system. | |

Devices for producing and discharging masses for the abovementioned and similar pur-
poses are aiready knowri from US 4676655, GB 2239818, WO 2004/026377, WO 99/65597,
EP 0657208 and WO 2004/002615. Prior art devices according to these publications how-
ever, are no simple devices permitting simple handling in connection with vertebroplasty or
similar.

The object of the present invention is to provide a simple device permitting simple

handling in connection with vertebroplasty and similar.

The significance of using a device permitting utterly simple handling during, inter alia,
vertebroplasty and which relieves the surgeon from several {echnical measures for moving
cement from e.g. mixing in a bowl to a smaller syringe, is of the utmost importance. Simple
handling regarding mixing as well as discharge of cement, is imporiant. Closed systems
are, if polymethylmethacrylate shall be used, necessary for hygienic reasons in order not
to release monomer into the surrounding air. The possibility of having prepacked systems

30 permitting sterilization together with closed transfer to smaller syringes for improved cont-

rol during injection, is obvious. Today, we have no simple and efficient mixing and dischar-
ge equipment complying with these demands. The equipment must be able to manage mi-
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xing of polymeric as well as ceramic materials in well-balanced volumes and to stop the in-
jection if leakage occurs. The invention comprises in this regard a number of novelties.

The invention will be further described below with reference to the accompanying

drawings, in which

fig. 1 is a longitudinal section through the device according to the invention during a
miXing step;

fig. 2 is an enlarged sectional view of a part of the device of fig. 1 and shows a mixing
means interconnected with a discharge means;

fig. 3 is a section through the device of fig. 1 during a discharge step;

fig. 4 is a perspective view of a bracket forming part of the device of fig. 1;

fig. 5 is a perspective view of a discharge piston forming part of the device of fig. 1;

fig. 6 is a perspective view of a rotary-movement preventing member forming part of the
device of fig. 1;

fig. 7 is a perspective view of a rotatable means forming part of the device of fig. 1;

fig. 8 is a side view of a screw mechanism for use at the device of fig. 1;

fig. 9 illustrates a part of the device of fig. 1 containing a powder component and during
injection of a liquid component;

fig. 10 illustrates a part of the device of fig. 1 connected to a distributor device;

fig. 11 is a perspective view of the distributor device of fig. 10; and

fig. 12 illustrates the device of fig. 1 during use in connection with vertebroplasty.

The device 1 illustrated in the drawings is adapted for producing a hardenable mass 2
such as bone substitute and/or bone reinforcing material or bone cement or similar material.
This mass 2 shall be fed and/or sucked out of the device 1 and comprises a mixing container
3 of e.q. cylindrical shape. The mixing container 3 defines a mixing space 4 in which at least
one powder component 5 and at least one liquid component 6 are mixed to produce the har-
denable mass 2.

In the mixing space 4 there is provided a piston means 7 which is adapted to be retained
relative to the mixing container 3 during a mixing step and thereafter released such that it
can move in the mixing space 4 relative to the mixing container 3. In order to release the

30 piston means 7 there is provided a rotatable means 8 which in a retaining position P1 re-

tains the piston means 7 relative to the mixing container 3 and which by rotation from the
retaining position P1 to a release position P2 can be released relative to the mixing contai-
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ner 3, whereby the piston means 7 can move in the mixing space 4. The piston means 7

and the rotatable means 8 are preferably directly or indirectly interconnected.
The device 1 preferably but not necessarily comprises a mixing means 9 which Is provi-

ded for mixing the powder and liquid components 5, 6 with each other until the hardenable

5 mass 2 has been produced. Then, the mass 2 can be stirred with the mixing means 9 if this
is appropriate or necessary. The mixing means 9 may comprise an elongated member 10,
e.g. a hollow or solid rod, which extends into the mixing space 4 and which at an inner end
within the mixing space 4 has a mixing disc 11 with axial holes 12 passing through said disc.
At an outer end outside the mixing space 4, the elongated member 10 is provided with an

10 operating handle 13 for operating the mixing means 9.

The mixing/stirring can be carried through in a known manner by moving the mixing
means 9 back and forth in the mixing space 4 and preferably also rotating it relative to said
mixing space 4. ,

The piston means 7 preferably has an axial hole 14 extending therethrough and by

15 means of which the elongated member 10 of the mixing means 9 extends into the mixing
space 4. The elongated member 10'cooperates with the piston means 7 through one or more
sealing rings 15 or similar, such that a sealing is provided between said members. The elon-
gated member 10 and the hole 14 of the piston means 7 are adapted o each other such
that said elongated member 10 can be moved and rotated relative to the piston means 7.

20 At least one outer sealing 16 or similar is provided on the piston means 7 for cooperation
with the inner side of the mixing container 3 such that a sealing is defined between the pis-
ton means 7 and said inner side. The outer sealing ring 16 is preferably designed such that

it removes mass 2 which deposits on the inner side of the mixing container 3 when it moves
in the mixing space 4.

29 The piston means 7 may also have an opening 17 with at least one filter 18. The opening
17 is adapted to let out gases from the mixing space 4 and the filter 18 is adapted to prevent
the components 5 and/or 6 and the mixed mass 2 from forcing its way out of the mixing spa-

ce 4 through the opening 17.
A rotary-movement preventing member 19 is provided on the piston means 7. This mem-
30 ber 19 is annular and includes two axially provided hook portions 20, 21 which can be inser-
ted into grooves 22, 23 in the piston means 7 and hooked onto two shoulders 7a, 7b thereon

in a radial direction. By means of this positioning, the rotary-movement preventing member
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19 is attached to the piston means 7 and can not rotate relative to said means.

The rotary-movement preventing member 19 further includes an axially provided flange
24 which is adapted to cooperate with a bracket 25 in order to prevent rotation of the rotary-
-movement preventing member 19 and thus, the piston means 7, relative to the bracket 25

5 such that the mixing means 9 is rotated relative to the piston means 7 for mixing of the pow-

der and liquid components 5, 6. The bracket 25 has a cylindrical member 27 with a hole 28
into which the rotatable means 8 can be inserted and through which said rotatable means
can move when it is set in a release position P2. The cylindrical member 27 of the bracket
25 may have an annular snap-in portion 29 which can be threaded into one or more locking

10 portions 30 which are located at the inner side of the mixing container 3 and which allow the

15

20

25

30

bracket 25 to be attached to the mixing container 3 by a shap-in closure. Alternatively or in
combination with said snap-in portion 29, the bracket 25 may have a number of radially pro-
jecting members 33, 34 which can be attached to a radially outwards directed tlange 35 on 1
the mixing container 3 by a snap-in closure such that the bracket 25 can not rotate relative
to said container.

The rotatable means 8 has a through hole 8a through which the elongated member 10
of the mixing means 9 extends such that said elongated member 10 is movable relative to
the rotatable means 8 and vice versa.

The rotatable means 8 has a first flange 36 or a corresponding member which in relation
to the direction U extends radially outwards from the rotatable means 8 towards a discharge
opening 49 through which the mass 2 shall pass out of the mixing container 3. Said first
flange 36 surrounds a part of the periphery of the rotatable means 8.

The hole 28 of the bracket 25 has a second flange 31a or a corresponding second mem-
ber which relative to the direction U is directed radially into the hole 28. This second flange
31a extends along a part of the periphery of the hole 28. A section 31b or a corresponding
third part of the hole 28 lacks said flange 31a and is designed such that the first flange 36
of the rotatable means 8 can pass therethrough, whereby the entire rotatable means 8 can
be brought to pass through the hole 28 when the first flange 36 and the section 31b coope-
rate.

When the rotatable means 8 is set in the retaining position P1 (fig. 1), then the first and
second flanges 36 and 31a cooperate and prevent the rotatable means 8 from moving re-
lative to the bracket 25 in direction U, while the mixing means 9 can move and be brought
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to perform mixing movements for mixing the powder and liquid components in the mixing
space 4.

The rotatable means 8 can be brought to its release position P2 (fig. 2) by rotating it 180"
relative to the bracket 25 from its retaining position P1 and this rotary movement can be li-
mited by bringing the first flange 36 thereof to engage or abut a rotary stop 32. Thereby, the
first flange 36 of the rotary means 8 will be disengaged from the cooperation with the second
flange 31a of the bracket 25 and it can instead cooperate with the section 31b of the bracket
25 such that the rotatable means 8 and thus, the piston means 7, can move and be displa-
ced in direction U in relation thereto and thus, relative to the mixing container 3.

The piston means 7 is prevented from rotating relative to the bracket 25 by the flange 24
of the rotary-movement preventing member 19 engaging or gripping preferably into the sec-
tion 31b of the bracket 25 when the rotatable means 8 retains the piston means 7 at the
bracket 25.

The rotatable means 8 cooperates preferably with a coupling device 37 which is provided
to interconnect the piston means 7 and the elongated member 10 of the mixing means 9
such that the piston means 7 (and the rotatable means 8 provided thereby) can be displa-
ced in axial direction U relative to the mixing container 3 by means of the mixing means 9
for discharge of mixed mass 2 from the mixing space 4. The coupling device 37 is located
between the rotatable means 8 and the piston means 7 and it is preferably provided to be
operated by the rotatable means 8 such that it connects the piston means 7 to the elonga-
ted member 10 while simultaneously the rotatable means 8 is rotated from its retaining po-
sition P1 to its release position P2. To this end, the coupling device 37 may comprise a
coupling means 38, e.g. a washer, which is threaded onto the elongated member 10 and
which is located between the piston means 7 and the rotatable means 8. The piston means
7 has a support member 39 which is axially directed towards the rotatable means 8 and lo-
cated on one side of the elongated member 10, while there is a free space 40 on the other
side of the elongated member 10. The rotatable means 8 has an axially directed bore 41,
the rear parts of which are provided with a helical spring 42 or a similar resilient element
and the fore parts with a pin 43 which projects out of the bore 41.

When the rotatable means 8 is set in its retaining position P1, the bore 41 with the helical
spring 42 is located on the same side of the elongated member 10 and the helical spring
thereby presses the coupling means 38 against the support member 39 such that said coup-
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ling means 38 is held in a neutral position P3 in which it is held against the support member
39 and permits displacement of the elongated member 10 of the mixing means 9 in oppo-
site axial mixing directions B, whereby the powder and liquid components 5, 6 can be mixed
in the mixing space 4 with the mixing means 9 while the piston means 7 is retained relative
to the mixing container 3.

When the rotatable means 8 is rotated 180° to its release position P2, the bore 41 and
the helical spring 42 will also move 180° relative to the support member 39 and the helical
spring 42 will thereby press or push the coupling means 38 into the space 40, which means
that the coupling means 38 is tilted relative to the elongated member 10 and is brought to
a coupling position P4 in which the coupling means 38 is fastened to the elongated mem-
ber 10. Hereby, the piston means 7 is connected to the mixing means 9 such that the pis-
ton means 7 can be displaced in the direction U by said mixing means 9.

Preferably, the coupling device 37 is designed such that it, after said interconnection of
the mixing means 9 and the piston means 7, permits release of the mixing means 9 relative
to the piston means 7 if said mixing means 9 is pulled in the return direction R relative to
the piston means 7.

On the operating handle 13 and/or on the elongated member 10 there may be provided
an outer member 45 with an open end portion 45a and such a cavity or depression 45b with-
in the end portion 45a that said end portion will engage or abut the mixing container 3 when
the mixing means 9 is displaced in axial direction towards the mixing container 3 and rota-
ted relative to said container during mixing. Hereby, it is prevented that said rotation of the
mixing means 9 is transferred to the rotatable means 8.

The bracket 25 is preferably provided to prevent the piston means 7 and the mixing
means 9 from being pulled apart from the mixing container 3.

Since the rotatable means 8 can move together with the piston means 7 in the mixing
space 4 of the mixing container 3, it is ensured that the device 1 will be simple and that it
provides for a simple and quick handling when mixing of the powder and liquid components
5, 6 has been performed and the mixed mass 2 shall be discharged. To this end, it is only
necessary to rotate the rotatable means 8 from its retaining position P1 to the release posi-
tion P2, whereafter it is possible to displace the piston means 7 by means of the mixing
means 9 in the direction U for discharge of the mass 2 from the mixing space 4.

As an alternative to the opening 17, at least one opening 47 can be provided in the side
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of the mixing container 3 adjacent the piston means 7 when said piston means is retained

by the bracket 25. Since the opening 47 is located adjacent the piston means 7, it is closed

when the piston means 7 starts to move in the direction U and after further movement of

the piston means 7, it will be located behind said piston means, which means that only gas
5 and no mass 2 can be pressed out through the opening 47.

As an alternative to said openings, there may be at least one opening 48 in the side of
the mixing container 3 about half the way between the piston means 7, when retained by
the bracket 25, and a discharge opening 49 which is provided in the mixing container 3 for
discharge of the mass 2 from said container. The opening 48 may be closable when neces-

10 sary.

The abovementioned opening 17 or openings 47 or 48 permit gas to be pressed out of
the mixing space 4 when e.g. the liquid component 6 is injected into said space. Since gas
hereby can be pressed out, injection of the liquid component 6 is facilitated. Due to its loca-
tion, the opening 48 permits gas which is entrapped in the mass 2 to be pressed out of or

15 escape from said mass during discharge thereof.

At least one vacuum generating device can be provided to generate a vacuum In the mi-
xing space 4 for various purposes, preferably for facilitating quick suction of the liquid com-
ponent 6 to and distribution thereof in the powder component 5 and/or e.g. for sucking out
toxic gases therefrom, which are generated during mixing of the powder and liquid compo-

20 nents 5, 6. In this case, there may be no openings which let air into the mixing container 3,
but said container must be sealed.

In order to generate a vacuum in the mixing space 4 for e.g. sucking out toxic gases, the-
re may be a first vacuum generating device 50 which at a suitable location can be connec-
ted to the mixing container 3. Such a first vacuum generating device 50 is schematically -

25 lustrated in fig. 1.
For discharge, the mixing means 9 can be subjected to linear forces such that said mi-

xing means 9 and the piston means 7 are displaced linearly relative to the mixing container
3. Alternatively, the mixing means 9 can be displaced linearly by influence from a screw de-

vice 51.
30 The screw device 51 e.g. includes a nut-like member 52 which has a laterally open fork-

-like member 52a with laterally open grooves 53 permitting sideways threading of the nut-
-like member 52 onto the flange 35 of the mixing container 3 such that said member 52 is
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stuck on the mixing container 3.

The nut-like member 52 is provided with a tapped hole 54 for a screw-like member 55
with outer threads 56 which mesh with the threads in the tapped hole 54 of the nut-like mem-
ber 52. The screw-like member 55 may be a pipe member with a multi-side nut 58 and the

5 pipe member may have a longitudinal slit 57 which is open in a lateral direction and the nut
may have an open side 60 such that the screw-like member 55 and the nut 58 can be threa-
ded onto the elongated member 10 of the mixing means 9. The nut 58 is adapted to fit into
a corresponding multi-side hole 59 in the outer member 45 or any other member on or of

the operating handle 13.
10 Due to the abovementioned embodiment of the screw device 51, said device can be non-

-rotatably located on the mixing container 3 and since the nut 58 can be inserted into the
hole 59, the screw-like member 55 may, by means of the operating handle 13, be screwed
into the nut-like member 52 via e.g. the outer member 45, whereby the end portion 61 of the -
screw-like member 55 is brought in contact with the rotatéble means 8 and can impart dis-

15 charge forces in the direction U to the rotatable means 8 and through said rotatable means
to the piston means 7.

The piston means 7 can be moved in the direction U either by manually pressing the ope-
rating handle 13 or rotating it and transfer the rotary movement by means of the screw de-
vice 51. If great forces are required for discharging the mass 2 from the mixing space 4,

20 one can use a gun-like discharge device 62 or a similar device as is schematically indicated
in fig. 1. The mixing container 3 is positioned therein such that a pressure means 63 can
cooperate with the mixing means 9 or directly with the piston means 7 if there is no mixing
means. The pressure means 63 is operated by a manually depressable trigger which can
move the pressure means 63 stepwise such that said pressure means with force press the

25 mixing means 9 and/or the piston means 7 forward in the direction U.
As is apparent from fig. 9, the mixing space 4 of the mixing container 3 may carry the
powder component 5 when the device 1 is delivered. The discharge opening 49 is hereby
closed by a closing device 64 which prevents the powder component 5 from falling out of

the mixing space 4.
30 The liquid component 6 can be provided in a liquid container 65 and can be fed into the

mixing space 4 for mixing therein with the powder component 5.
The liquid container 65 has a discharge end 66 and the closing device 64 can be
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designed such that the discharge end 66 can open the closing device 64 when it is inserted
into said device for injecting the liquid component 6 into the mixing space 4 and the powder
component 5 therein. To this end, the closing device 64 may comprise a valve body 64a
which is normally closed and which is opened by the discharge end 66 when said end is
inserted into the closing device 64 and automatically returned to closed position when the
discharge end 66 is removed or withdrawn from the closing device 64.

A valve 67 can be provided to cooperate with the closing device 64 {o permit gas o es-
cape from the mixing space 4 when the liquid component 6 is injected into said space from
the liquid container 65. This valve 67 can be closed and may be opened when required.

In order to vibrate the content of the mixing space 4, i.e. the powder and liquid compo-
nents 5, 6 and/or the mass 2, the mixing container 3 or parts thereof may be brought in con-
tact with a vibrating device 68 schematically illustrated in fig. 9.

As is apparent from fig. 10, the mixing container 3 can be connected to a distributor de-
vice 69 or vice versa. Several containers 70 can be connected thereto or vice versa, such
that mass 2 mixed in the mixing space 4 can be fed out or discharged from said mixing spa-
ce and into the distributor device 69. The distributor device 69 distributes the mass 2 to the
various containers 70 such that portions of the mass 2 are fed into inner spaces 71 in the
containers 70. The inner space 71 in each container 70 is substantially smaller than the mi-
xing space 4 of the mixing container 3, which means that one can fill the spacés 71 of a
plurality of containers 70, e.g. the spaces 71 of eight containers 70, with a part volume 2a
of the mass 2 from the mixing space 4.

When the spaces 71 of the respective number of containers 70 are filled with said part
volume 2a of the mass 2, each container 70 can be removed from the distributor device 69
or vice versa and the part volume 2a of mass 2 in the container 70 can be fed and/or sucked
out of the container 70.

The distributor device 69 preferably comprises a distributor body 72 with an axial inlet pi-
pe 73 which can be located close to such an outlet or discharge end 74 of the mixing contai-
ner 3 having the discharge opening 49. The inlet pipe 73 can be located at the discharge
end 74 by screwing on or in any other suitable manner such that inner passages in the dist-
ributor body 72 communicate with the discharge opening 49. Of course, the mixing contai-
ner may instead be located on the inlet pipe 73.

The distributor device 69 may also comprise a number of discharge pipes 75-82, at least
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two and e.g. eight pipes, which extend radially in a star-like manner from the distributor bo-
dy 72 and which communicate with inner members of the distributor body 72.

Each container 70 has a front part 84 through which it can be mounted, e.g. screwed on
to one of the discharge pipes 75-82 of the distributor device 69 or vice versa, such that a
part volume 2a of mass 2 can be fed into the space 71. During this filling of the space 71,

a piston 86 forming part of the contfainer 70 is preferably located in a rear part 85 of the con-
tainer 70. After the space 71 has been filled with the part volume 2a of mass 2, a cannula
or needle 83 can be located on the front part 84. The part volume 2a of mass 2 is fed or
sucked out of the space 71 of the container 70 through said cannula 83.

Each container 70 may eventually have an opening 87 which preferably is found in the
rear part 85 and immediately in front of the piston 86 when said piston is situated in the rear
part 85. This opening 87 allows gas in the space 71 of the container 70 to be pressed out
of the space when said part volume 2a of mass 2 is fed into said space 71. Hereby, it is pre-
vented that gas in the space 71 resists entrance of the part volume 2a of mass 2 into said
space 71. The opening 87 has e.g. a diameter of 0,2-1,0 mm, preferably about 0,6 mm.

The opening 87 may alternatively be a groove (not shown) provided axially in the inner
side of the container 70 and extending beyond the piston 86 when said piston is situated

in the rear part 85 of the container 70.
When the required number of containers 70 have been filled with the part volume 2a of

mass 2, one container 70 at the time is removed from the distributor device 69 and a cannu-
la or needle 83 is mounted preferably on the front part 84 of the container 70 such that the
part volume 2a of mass 2 can be fed or sucked out through the cannula 83 with or without
support from the piston 86 until the space 71 is empty. By removing one container 70 at the
time from the distributor device 69 and letting the other filled containers 70 remain mounted
thereon, it is achieved that the mass 2 in the containers 70 not yet removed is not subjected
to atmospheric air for an unnecessarily long time. :

Since the size of the space 71 in each container 70 is known, one knows exactly how
large a part volume 2a of mass 2 which is fed out of or discharged from each container 70.

For treating spongy bone 89 with mass 2, said mass 2 can be sucked into inner parts
89a of the spongy bone 89. To this end, a container 70 is connected to the spongy bone 89
by inserting the cannula 83 thereof, or a member (not shown) to which the cannula 83 can
be connected, into the inner parts 89a such that the space 71 of the container 70 communi-
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cates therewith. To said inner parts 89a of the spongy bone 89 there is also connected at
least one vacuum source 90 through a connection line 92 for generating a vacuum in the
inner parts 89a and in the space 71 of the container 70 connected thereto such that the

part volume 2a of mass 2 is sucked out of said space 71 and through the cannula 83 into
the inner parts 89a of the spongy bone 89. During this suction step, the piston 86 may even-
tually be displaced in the direction U for supporting the suction of the part volume 2a of the
mass 2 out of the space 71.

Inner parts 89a of the spongy bone 89 can be provided with mass 2 from the mixing con-
tainer 3. The mixing container 3 can be provided with a cannula or needle (not shown) or
similar and this cannula is inserted into the inner parts 89a. The mass 2 can thereby be
sucked out of the mixing space 4 of the mixing container 3 and into the inner parts 89a by
means of the vacuum source 90. Eventually, this suction of mass 2 from the mixing space
4 may be supported by a displacement of the piston means 7 in the direction U.

The spongy bone 89 may e.g. be a spongy vertebra or an osteoporosis fracture in the

form of a thighbone (femoral) or knee (patellar) fracture.
Mixed mass 2 in the mixing container 3 can be used for fixation of implants, whereby one

can provide the container with a discharge pipe or similar (not shown), through which the
mass 2 is discharged by means of the pistOn means 7 info cavities in the bone in which the

implant shall be fixed. :
The mass 2 may consist of bone substitute and/or bone reinforcing material which prima-

rily consist of calcium base material or ceramics which can be mixed with a hardener, e.g.
water. These substances may be selected from the group comprising calcium sulphate-o-
hemihydrate, calcium sulphate-B-hemihydrate, calcium sulphate-dihydrate, calcium carbo-
nate, a-tricalcium phosphate, hydroxyapatite, dicalcium phosphate-dihydrate, anhydrous

dicalcium phosphate, tetracalcium phosphate, p-tricalcium phosphate, calcium deficient

hydroxyapatite, monocalcium phosphate-monohydrate, monocalicium phosphate, calcium-
pyurophosphate, precipitated hydroxyapatite, carbonaceous apatite (dahlite), octacalcium
phosphate, amorphous calcium phosphate, oxyapatite, carbonato apatite and calcium alu-

minate.
A ceramic material may be calcium aluminate, which forms part of the product Doxa T

from the company Doxa (www.doxa.se/pdf/nyhet_1.pdf).
X-ray contrast agents can be added to said ceramic bone substitute and/or bone reinior-
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cing material, e.g. water soluble non-ionic X-ray confrast agents selected from the group
comprising iohexol, ioversol, iopamidol, iotrolan, metrizamide, iodecimol, ioglucol, iogluca-
mide, ioglunide, iogulamide, iomeprol, iopentol, iopromide, iosarcol, iosimide, iotusal, 10Xi-
lan, iofrotal and iodecol.

Alternatively, the mass 2 can be a hardenable bone cement comprising polymer and
monomer components. The polymer may be polymethylmethacrylate (PMMA) and the mo-

nomer methylmethacrylate (MMA). A polymer base material can be the product Cortoss™
from the company Orthovita in the U.S.A.. For composition see www.orthovita.com/pro-
ducts/cortoss/oustechspecs.html. Another polymer base material can be the product
SECOUR® Acrylic Resin PMMA from parallax medical inc. (www.parallax-medical.com/go/
91-92b550-5642-1157-a432-d7a2b98310fe).

The mass 2 can be a bone substitute and/or bone reinforcing material and consist of a
mineral and/or a ceramic in combination with polymer material.

The screw device 51 may be a device which can be connected to a mixing container 3
which is designed in another way than what is illustrated in the drawings and where the pis-
ton means 7 is located and operated in another way than what is shown in the drawings.

The distributor device 69 can be connected to a mixing contéiner 3 or vice versa which
is designed in another way than what is shown in the drawings and where the piston means
7 is mounted in another way than what is shown in the drawings.

The invention is not limited to the embodiments described above and illustrated in the dra-
wings. As éxamples not described in detail, it should be mentioned that the mass 2 may be
another type of mass than bone substitute and/or bone reinforcing material or bone cement
or similar. The rotatable means 8 may cooperate with the piston means with other means
than those shown and described; mixing may be carried through in another way than with
a mixing means 9 and if there is such a means, this may be designed otherwise; the mixing
container 3 may be designed in another way than what is described and illustrated; when
using a screw device 51, this may be of another type than the one described and illustrated
and this also refers to the distributor device 69. The piston means 7 may either be moved
in the direction U by the mixing means 9 or be sucked in the same direction by the vacuum
source 90, but it is also possible to move the piston means 7 by using the mixing means 9
and the vacuum source 90 simultaneously. The device 1 may be of the disposable type or

used repeatedly.
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Claims:

1. Device for producing a hardenable mass of bone substitute and/or bone
reinforcing material or bone cement or similar material, including: a mixing
container, said mixing container including a mixing space configured o receive at
least one powder and at least one liquid component to produce the hardenable
mass, a piston, said piston being located in the mixing space of the mixing
container, and at least one rotatable element, said rotatable element configured
to rotate relative to the mixing container and co-operate with the piston such that,
In a retaining position, said piston Is axially retained relative to the mixing
container and, by rotation of the rotatable element to a release position, the
piston is released such that said piston is configured to move in a direction
towards at least one opening of said mixing container, said opening configured to
allow passage of said hardenable mass out of the mixing space, wherein the
rotatable element is configured such that in the release position, the rotatabie
element I1s configured to move with the piston in the mixing space in the direction

towards said opening.

2. Device according to claim 1, wherein: the rotatable element includes: a
first member; a second member; and a third member; wherein said second and
third members are fixed relative to the mixing container such that the first
member of the rotatable element is configured to co-operate with the second
member of the mixing container when said rotatabie element is situated in the
retaining position for preventing the rotatable element and the piston from moving
in the direction towards the opening; and wherein the first member of the
rotatable element is configured to rotate out of cooperation with said second
member and into cooperation with said third member by rotating the rotatable
eilement to its release position for permitting the rotatable element and the piston

to move in the direction towards said opening.

3. Device according to claim 2, wherein: the first member of the rotatable
element includes a first flange which is directed radially outwards from the
rotatable element and which extends around a part of a periphery of the rotatable

element; sald second member includes a second flange which is directed radially
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into a hole through which the rotatable element is configured to pass when the
rotatabie element is set in the release position, wherein the second flange
extends along a first part of a periphery of the hole; and said third member is
disposed along a second part of the periphery of the hole, said second part of the

periphery of the hole different than the first part of the periphery of the hole.

4 Device according to claim 2, further including: a bracket, wherein the
second and third members are provided on the bracket, and wherein the bracket

is configured to be positioned on the mixing container.

5. Device according to claim 4, further including: a snap-on closure, wherein

the bracket is configured to be attached to the mixing container by the snap-on

closure.

D. Device according to claim 4, further including a rotary-movement
preventing member, wherein the rotary-movement preventing member |Is
configured to prevent rotation of the piston relative to the bracket when the

rotatable element is rotated relative to the piston.

7. Device according to claim 6, wherein: the rotary-movement preventing
member is located on the piston, and the rotary-movement preventing member is
configured to cooperate with the bracket such that said bracket prevents rotation
of the rotary-movement preventing member and thereby, the piston, relative to

the bracket when the rotatable element is rotated relative to the piston.

3. Device according to claim 1, further including: a rotary stop, wherein the

rotary stop is configured to limit the rotary movement of the rotatable element.

9. Device according to claim 1, further including: a mixing element having an
elongated member, the mixing element being configured to mix the powder and
liguid components in the mixing space, and wherein the rotatable element turther

includes a through hole configured to receive the elongated member of a mixing

element.
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10.  Device according to ctaim 9, further including: a coupling device, wherein
the coupling device is located between said rotatable element and the piston,
wherein the rotatable element is configured to cooperate with the coupling device
to connect the piston and the elongated member of the mixing element; and
wherein the piston, after connection thereof to the elongated member of the
mixing element, s configured to be displaceable in the direction towards the
opening via said mixing element for discharge of the hardenable mass from the

mMIXINg space.

11.  Device according to claim 10, wherein: the coupling device comprises a
coupler, and the piston further includes a support member, wherein the coupler s
configured to cooperate with the support member on the piston, said support
member being located on one side of the elongated member of the mixing
element; the rotatable element comprises a resilient element which is located on
the same side of the elongated member as the support member when the
rotatable element is set in the retaining position such that the resilient element, by
holding the coupler against the support member, is configured to bring the
coupler to a neutral position; and the rotatable element, by rotation thereof to its
release position, is configured to move the resilient element to an opposite side of
the elongated member and bring the coupler to a coupling position in which the

coupler is configured to be clamped or fastened to the elongated member.

12.  Device according to claim 10, wherein the coupling device Is configured to
release the mixing element from the piston when the mixing element is pulled in a

direction away from said opening.

13.  Device according to claim 9, wherein the elongated member of the mixing
element comprises an outer member which is located outside the mixing
container and is configured to be brought in contact therewith for preventing the
outer member from coming in contact with the rotatable element in order to avoid
rotation of said rotatable element by the mixing element when said mixing

element is rotated during mixing of the powder and liquid components.
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14.  Device according to claim 1, further including at least one gas opening,

wherein the at least on gas opening is configured to release or let out gases from

the mixing space.

15.  Device according to claim 14, wherein the at least one gas opening Is

provided in the piston.

16.  Device according to claim 14, wherein the at least one gas opening I1s
located in one side of the mixing container adjacent the piston when said piston I1s
retained by a bracket such that the at least one gas opening is closed by the
piston when the piston is brought to move in the direction towards the at least

one opening of the mixing container.

17.  Device according to claim 14, wherein the at least one gas opening
includes a filter, wherein the filter is configured to prevent at least one of the

powder component, the liquid component, and the hardenable mass mixed

thereof from passing out through said at least one gas opening.

18.  Device according to claim 1, further comprising at least one gas opening,
wherein the at least one gas opening is located in one side of the mixing
container approximately half way between the piston, when said piston is
retained by the rotatable element, and the at least one opening of the mixing

container (49), and wherein the at least one gas opening is configured to be

closable.

19.  Device according to claim 1, further including a vacuum generating device,
wherein the vacuum generating device is configured to generate a vacuum in the

miXiNg space.

20.  Device according to claim 1, further including: a screw device, wherein the
screw device is configured to impart, via screw movements, a discharge
movement to the piston in the direction towards the at least one opening of the

mixing container for discharge of hardenable mass from the mixing space.



10

15

20

25

30

35

CA 02569702 2012-03-14

18

21.  Device according to claim 20, wherein: the screw device includes a nut-
like member located on the mixing container such that said screw device IS non-
rotatable relative to the mixing container; wherein the screw device further
iIncludes a screw-like member configured to be screwed into the nut-like member,
wherein the screw-like member is located on an operating handle of the mixing
element such that the operating handie and the screw-like member are non-
rotatably connected to each other; and wherein the screw-like member is
configured to move the piston in the direction towards the at least one opening of
the mixing container by screwing said screw-like member into the nut-like

member via the operating handie.

22.  Device according to claim 1, further including a screw, wherein the screw
Is configured for discharge of hardenable mass from the mixing space, and

wherein the piston is configured as a part of the screw.

23.  Device according to claim 1, further including at least one of an operating
handle, a screw device, and a gun-like discharge device, wherein the piston is
configured to be operated in the direction towards the at least one opening of the
mixing container for discharge of hardenable mass from the mixing space either
a) by moving the piston in the direction towards the at least one opening of the
mixing container by manually subjecting the operating handle to a linear
discharge force, or b) by moving the piston in the direction towards the at least
one opening of the mixing container by manually imparting screw movements to
the operating handle which are transferred to the piston by the screw device, or
c) by positioning the device in the gun-like discharge device which is configured
to be operated stepwise for generating discharge forces which are transferred to
the piston for movement thereof in the direction towards the at least one opening

of the mixing container.

24.  Device according to claim 1, wherein: the mixing space of the mixing
container is sealed and configured to hoid the powder component, and wherein
the mixing space is configured to receive the liquid component fed into the mixing

space through the at least one opening of the mixing container.
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25.  Device according to claim 24, further comprising: a closing device, wherein
the closing device is configured to close the at least one opening of the mixing
container; and a liquid container having a discharge end, wherein the liquid
container is configured to hold the liquid component and discharge the liquid
component through the discharge end; wherein the closing device is configured
to be opened by means of the discharge end of the liquid container when said
discharge end is inserted into the closing device such that the liquid component is
fed into the mixing space, and that the closing device is configured to once again
close when the discharge end of the liquid container is removed or withdrawn

from the closing device.

26. Device according to claim 25, further including a valve configured to
cooperate with the closing device to allow gas to escape from or pass out of the

mixing space when the liquid component is fed thereinto from the liquid container.

27. Device according to claim 1, further including: a vibrating device
configured to vibrate the powder and liquid components and/or hardenable mass
in the mixing space, wherein the mixing container is configured to cooperate with

the vibrating device.

28.  Device according to cliaim 1, further including: one or more distributor
containers; and a distributor device configured to connect to the one or more
distributor containers, wherein the mixing container is configured fo connect to
the distributor device, and the one or more distributor containers are configured
to be connected to the distributor device, wherein the distributor device is
configured to receive the hardenable mass mixed in the mixing space of the
mixing container, and wherein the distributor device is further contigured to
distribute the hardenable mass to spaces in the one or more distributor
containers such that each space in every distributor container is filled with a part
volume of the hardenable mass, and wherein each part volume of the hardenable
mass Is sucked and/or fed out of the spaces of the one or more distributor

containers after removal of the one ot more distributor containers from the

distributor device.
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29. Device according to claim 28, wherein: a front part of each container is
configured to be connected 1o the distributor device such that the part volume of
the hardenable mass Is fed into the space of a corresponding one of the one or
more distributor containers; the device further including a cannula or needie,
wherein the cannula or needle is located at the front part after the space of the
corresponding one of the one or more distributor containers has been provided
with the part volume of hardenable mass, and wherein the cannula or needie is
configured to suck and/or feed out of the space said part volume of hardenable

mass therethrough.

30. Device according to claim 29, further Including: a container piston located
in each of the one or more distributor containers, wherein the container piston is
configured to be set in a rear part of the each of the one or more distributor

containers when the part volume of the hardenable mass is fed into the space of

the corresponding one of the one or more distributor containers.

31. Device according to claim 28, wherein a rear part of at least one of the one
or more distributor containers includes an opening which is located in front of a
container piston when said container piston is situated in said rear part, wherein
said opening permits gas present in the space of the at least one of the one or
more distributor containers to flow out of said space through said opening when

said space is filled with the part volume of the hardenable mass.

32. Device according to claim 28, wherein each one of the one or more

distributor containers is independently removable from the distributor device.

33. Device according to cltaim 28, wherein: at least one of the one or more
distributor containers with the part volume of hardenable mass is configured to
cooperate with inner parts of spongy bone such that the space of the at least one
of the one or more distributor containers i1s configured to communicate with said
inner parts; wherein the device further includes: at least one vacuum source,
wherein the at least one vacuum source is configured to generate a vacuum In
the inner parts of the spongy bone and further configured to suck the part volume

of hardenable mass from the space in the at least one of the one or more
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distributor containers into said inner parts.

34. Device according to claim 33, further including: a container piston, wherein
the container piston is configured to discharge the part volume of hardenable
mass from the space of the at least one of the one or more distributor containers
while the vacuum source is configured to suck the hardenable mass out of said

space of the at least one of the one or more distributor containers.

35. Device according to claim 1, wherein: the mixing container is configured 1o
cooperate with inner parts of spongy bone such that the mixing space
communicates with said inner parts; wherein the device further includes: at least
one vacuum source, wherein the at least one vacuum source is configured to
generate a vacuum in the inner parts of the spongy bone and further configured

to suck hardenable mass from the mixing space into said inner parts.

36. Device according to claim 35, wherein the piston and vacuum source are
configured to simultaneously discharge hardenable mass from the mixing space

and suck hardenable mass out of said mixing space.

37. Device according to claim 35, wherein the spongy bone Iis a spongy

vertebra.

38. Device according to claim 35, wherein the spongy bone is an osteoporosis

fracture in the form of a thighbone (femoral) or knee (patellar) fracture.

39. Device according to claim 1, wherein the piston is configured to discharge

hardenable mass for fixation of bone implants.

40. Device according to claim 1, wherein the hardenable mass is a bone
substitute and/or bone reinforcing material including a component of a calcium

base material or substantially calcium base material or ceramic or substantialty

ceramic matenal.
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41.  Device according to claim 40, wherein the calcium base material or the
ceramic material is a hardenable mineral or a ceramic which can be brought to

harden in the spongy bone.

42.  Device according to claim 41, wherein the calcium base material or

ceramic IS brought to harden by mixing with a hardener.

43.  Device according to claim 41, wherein the calcium base material or
ceramic 1s selected from the group comprising calcium sulphate-.alpha.-
hemihydrate, calcium suiphate-.beta.-hemihydrate, calcium sulphate-dihydrate,
calcium carbonate, .alpha.-tricalcium phosphate, hydroxyapatite, dicalcium
phosphate-dihydrate, anhydrous dicalcium phosphate, tetracalcium phosphate,
beta.-tricalcium phosphate, calcium deficient hydroxyapatite, monocalcium
phosphate-monohydrate, monocaicium phosphate, calcium-pyurophosphate,
precipitated hydroxyapatite, carbonaceous apatite (dahlite), octacalcium
phosphate, amorphous calcium phosphate, oxyapatite, carbonate apatite and

calcium aluminate.

44.  Device according to claim 40, wherein an X-ray contrast agent is mixed

INnto the ceramic material.

45.  Device according to claim 44, wherein the X-ray contrast agent is water

soluble and non-ionic.

46.  Device according to claim 40, wherein the bone substitute and/or bone
reinforcing material or the bone cement consists of a mineral and/or a ceramic in

combination with polymer material.

47. Device according to claim 44, wherein the water soluble non-ionic X-ray
contrast agent is selected from the group comprising 1ohexol, ioversol, iopamidol,
lotrolan, metrizamide, iodecimol, ioglucol, ioglucamide, ioglunide, iogulamide,
iomeprol, 1opentol, iopromide, 1osarcol, 1osimide, 1otusal, ioxilan, ofrotal and

jodecol.
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48.  Device according to claim 1, wherein the hardenable mass is a bone

cement comprising the components polymer, and monomer.
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