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(54) Titlee METHOD AND DEVICE FOR PREPARATION OF BONE CEMENT

(57) Abstract: The present invention relates to a method and a device for preparation of bone cement. The constituent components
of bone cement are mixed under vacuum in a closed mixing chamber, which has a vacuum connection (4), a moveable wall section
~~ (2), adevice arranged to maintain the moveable wall section (2) in its initial position during the mixing process, an extrusion opening
located opposite to the moveable wall section (2) and a device (9) arranged to openably seal the extrusion opening. The extrusion
is performed by means of the moveable wall section (2) being brought to move towards the extrusion opening, by applying a force
against the moveable wall section (2) by means of an extrusion tool (12). The present invention is characterized in that the moveable
wall section (2) is set free after finished mixing and thereafter forced towards the extrusion opening for compression of bone cement

while the extrusion opening is sealed by the sealing device (9).
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Method and device for preparation of bone cement

BACKGROUND OF THE INVENTION
The present invention relates to a method according to the preamble of claim 1.
The invention also relates to a device according to the preamble of claim 4.

When preparing bone cement it is important, considering the future strength of the
bone cement, to achieve a bone cement which is as free as possible from pores and
the like caused by air or gas inclusions. These inclusions may be caused by remain-
ing air and gases, occurring when mixing the components of the bone cement, which
during the mixing procedure are mixed into the bone cement mass.

From SE-9200360-7 it is previously known how to collect dispersed bone cement, by
means of the movement occurring under the influence of vacuum in the mixing
chamber when the movable wall section is set free, to form a bone cement pillar in
the evacuation section of the mixing chamber. To prevent air, to the extent possible,
from leaking in one or several O-rings are arranged around the movable wall section.
The O-rings will cause an increased friction implying that the movement of the mov-
able section as well as the collection of bone cement thereby will be poor or pre-
vented when the sealing causes too high friction. Consequently it can be stated, for
known devices or methods for preparation of bone cement, that it must be accepted
to allow some air or gas inclusions.

SUMMARY OF THE INVENTION

The object of the present invention is to produce improved removal of air and gas
inclusions in the bone cement. In addition assurance is attained that the movable wall
section always will be moved and that thereby improved collection of bone cement is
obtained. This is achieved according to the method of the invention by means of the
measures indicated in the characterizing part of claim 1. A device for performing the
method according to the invention bears the features indicated in the characterizing
part of claim 4.
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BRIEF DESCRIPTION OF THE DRAWING

In the following the invention will be explained in more detail by means of examples
of embodiments of the present invention and with reference to the accompanying
drawing.

Fig. 1a illustrates a mixing chamber, in accordance with the invention, during mixing
of the constituent components of bone cement. In Figs. 1b-1e a number of phases are
illustrated when the mixing chamber is introduced into a sleeve of an extrusion tool.
Fig. 2a and Fig. 2b illustrate how the compression and extrusion procedures respec-
tively are carried out by means of the extrusion tool. In Fig. 3 the movement of the
bone cement in the mixing chamber during the extrusion process is illustrated. Fig.
4a-4c illustrate three different embodiments, according to the invention, of a sleeve
integral with said extrusion tool. In Fig. 5 the mixing chamber is illustrated intro-
duced into an alternative embodiment of the sleeve designed with a cut-out.

In the drawing designation 1 indicates a mixing chamber and 2 a moveable wall sec-
tion, which is detachably fixed in its initial position by means of a locking pin 3. The
mixing chamber 1 is equipped with a vacuum connection 4 and an agitator device.
The agitator device comprises of an agitator rod 5 with an axial extrusion channel for
bone cement and an agitator 6 arranged around the end of agitator rod 5 within mix-
ing chamber 1. The agitator rod 5 and the mixing chamber 1 are for reasons, which
will be apparent later, preferably made from a transparent material.

The agitator rod 5 is axially moveable in mixing chamber 1 through opening 7 which
is sealed against agitator rod 5. The orifice of the channel of agitator rod 5, in mixing
chamber 1, forms an extrusion opening 8 for bone cement at agitator 6. During mix-
ing a sealing rod 9 is inserted into the channel of agitator rod 5 to seal extrusion
opening 8. Flow line 10 illustrates the path of the bone cement during compression
and extrusion processes at which the bone cement passes a filter 11 arranged in con-
nection with vacuum connection 4.

The device according to the invention also comprises an extrusion tool 12 with a
sleeve 13a and an extrusion pistol 14. Sleeve 13a is formed with an opening 15 for
introduction of mixing chamber 1, an opening 16 for agitator rod 5, two grooves 17
for locking pin 3 and an opening 18 for vacuum connection 4.
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DESCRIPTION OF THE INVENTION

Mixing chamber 1 is, when preparing bone cement, used to mix the constituent ce-
ment components under vacuum. The bone cement components are introduced into
mixing chamber 1 after which agitator rod 5 of the agitator device, is axially moved
in and out of mixing chamber 1, and preferably turned at the same time through
opening 7. The actual mixing is performed by agitator 6, arranged around the end of
agitator rod 5 within mixing chamber 1, since it is turned and moved among the bone
cement components by means of the previously mentioned movement of agitator rod
5. During the entire mixing process extrusion opening 8 in association with the agi-
tator 6 will come into contact with the bone cement. Leakage of bone cement out of
and air into mixing chamber 1 via extrusion opening 8 is prevented during mixing by
sealing rod 9.

When it is established that the bone cement components are sufficiently mixed the
device is prepared for bone cement extrusion. The agitator rod 5 is then moved out of
mixing chamber 1 as far as possible at which agitator 6 and extrusion opening 8 con-
nect to the wall, located opposite to the moveable wall section 2 of mixing chamber
1. The extrusion process, wherein the bone cement is moved out of mixing chamber

1 through extrusion opening 8 and into the channel of agitator rod 5 functioning
thereby as a nozzle, may then start.

Compression of the bone cement is, according to the present invention, performed
before extrusion. The object with the compression is to squeeze remaining air and
gas inclusions out of said bone cement to achieve as compact a material as possible.
Both compression and extrusion are performed by means of extrusion tool 12, which
is similar to a spray pistol for sealing compounds or similar, and sleeve 13a, in which
mixing chamber 1 is placed after finished mixing.

Mixing chamber 1 is inserted into sleeve 13a through opening 15 and placed inside
sleeve 13a such that agitator rod 5, when completely pulled out, is sticking out of
sleeve 13a through opening 16. Sleeve 13a is formed with grooves 17 to keep lock-
ing pin 3, and thus the movable wall section 2, in its initial position during the inser-
tion. The side wall of sleeve 13a is formed such that vacuum connection 4 has to be
removed before insertion, however opening 18 allows for reconnection of vacuum
connection 4 after insertion. The phases in relation to insertion of mixing chamber 1
into sleeve 13a are illustrated in Fig. 1b-e.
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When mixing chamber 1 is placed inside sleeve 13a of extrusion tool 12, vacuum
connection 4 is reconnected and the moveable wall section is set free by means of the
locking pin 3 being removed. These phases are illustrated in Fig. 1d-e. The extrusion
pistol 14 of extrusion tool 12 is thereafter connected to sleeve 13a and the actual
compression of the bone cement may start.

The compression, which also is performed under vacuum, is executed by a force ap-
plied by means of extrusion pistol 14, against the moveable wall section 2 such that it
is moved towards extrusion opening 8. The bone cement will then move along the
flow lines 10, illustrated in Fig. 3, and be compressed towards extrusion opening 8.
Passing towards extrusion opening 8§ the bone cement will come into contact with
filter 11 while air and gas inclusions are exhausted by suction through vacuum con-
nection 4. After compression to a certain degree the bone cement will push sealing
rod 9, which seals extrusion opening 8, ahead of the bone cement and out of the
channel of agitator rod 5, in which bone cement in the shape of a column is formed.
When desired length of the bone cement column is obtained, agitator rod 5 is cut off
at the front of the obtained bone cement column just at or ahead of the sealing rod 9.
The extrusion and application of the bone cement may then be performed. Fig. 2a
and 2b illustrate the compression and extrusion processes while mixing chamber 1 is
placed inside sleeve 13a and connected to extrusion pistol 14.

The present invention also comprises two alternative embodiments, 13b and 13c, of
the sleeve of extrusion tool 12, these are illustrated in F ig. 4b and 4c.

In the sidewall of sleeve 13b a groove 17 and a cut-out 19 are formed. The cut-out
19 extends along most of the wall of sleeve 13b, with the aim to prevent the vacuum
connection 4 from having to be removed before the insertion of mixing chamber 1.
The vacuum connection 4 may thereby be kept during mixing, subsequent compres-
sion and extrusion processes, which are similar to the process described in relation to
sleeve 13a. Furthermore the cut-out 19 and the groove 17 imply that the locking pin
3 may be kept during the insertion too. Fig. 5 illustrates the mixing chamber 1 in-
serted into sleeve 13b.

Sleeve 13c is formed without any groove or cut-out in the side wall, which means
that this sleeve is used when both vacuum connection 4 and locking pin 3 are re-
moved before the insertion of mixing chamber 1. However, sleeve 13¢ is formed
with an opening 18 in order to allow vacuum connection 4 to be reconnected prior to
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subsequent compression and extrusion processes, which are performed in the same
way as when sleeve 13a or 13b is used.

Common factors for the three sleeves 13a-c according to the invention, are that their
interior is formed such that it is adjusted to the form of mixing chamber 1, this by
having opening 15 for insertion of mixing chamber 1 and opening 16 for agitator rod
5, and that anyone of them may be used for an extrusion process performed under
vacuum. However, the three sleeves 13a-c differ from each other in whether they
allow vacuum connection 4 and locking pin 3 to be kept in place during insertion of
the mixing chamber 1, which will result in differing influences on the moveable wall
section 2 in the process after insertion.

A negative pressure will arise in the mixing chamber 1 when the vacuum connection
4 is connected. This implies that the moveable wall section 2 will be influenced of
the vacuum to be sucked into the mixing chamber 1. If the moveable wall section 2 is
set free when vacuum connection 4 is connected, which is the case at reconnection of
the vacuum connection 4 after insertion of the mixing chamber 1 into sleeve 13c, the
moveable wall section 2 will be sucked into the mixing chamber 1. When the mixing
chamber 1 is placed in sleeve 13a or 13b the moveable wall section 2 is, despite the
influence of the vacuum, kept in its initial position by the locking pin 3 and can
therefore not be moved before removing locking pin 3.

It is apparent, for anyone skilled in the art, that the present invention is not restricted
to the above-described embodiments. For example extrusion may also be performed
by means of an extrusion tool assuming other embodiments than mentioned above.
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CLAIMS

1. A method for preparation of bone cement, the constituent components of which
are mixed under vacuum in a closed mixing chamber (1), which is formed with
a moveable, during the mixing process detachably fixed, wall section (2), the
extrusion of bone cement being performed by means of the moveable wall sec-

5  tion (2) being brought to move towards an extrusion opening (8),

characterized inthat after finished mixing the moveable wall section
(2) is set free and thereafter with sealed extrusion opening (8) forced towards
the extrusion opening (8) for compression of the bone cement.

10 2. Amethod according to claim 1,characterized in that the compression
of the bone cement is performed under maintained vacuum in the mixing
chamber (1).

3. A method according to claim 1 or2, characterized in that after com-
15 pression of the bone cement to a certain degree a sealing device (9) arranged
within extrusion nozzle (5) to seal the extrusion opening (8) is pushed ahead of
the bone cement and in direction out of the extrusion nozzle (5), in which a
column of bone cement is formed under continued compression and that when
a desired length of the column is formed, the compression is terminated and the
20 extrusion nozzle (5) is cut off just ahead of the front of the column of bone
cement.

4. A method according to claim 1,characterized in that the extrusion of
the bone cement is performed under maintained vacuum in the mixing chamber
25 .

5. A device for performance of the method according to claim 1 comprising a
mixing chamber (1) equipped with a vacuum connection (4), having a wall
section (2) movable in the direction of the opposite part of the mixing chamber

30 (1) and a device (3) arranged to maintain the moveable wall section (2) in its
initial position during the mixing process, an extrusion opening (8) located op-
posite to the moveable wall section (2) of the mixing chamber (1) and a sealing
device (9) arranged to openably seal the extrusion opening (8) and an extrusion
tool (12), arranged to apply a force towards the moveable wall section (2) to

35 perform the extrusion,characterized inthat the extrusion opening (8) is

RECTIFIED SHEET (RULE 91)
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sealed by means of said device (9) for compression of the bone cement before
extrusion.

A device according to claim 5,characterized inthat a first kind of
sleeve (13a), which is part of the extrusion tool (12) has two grooves (17)
formed to allow for maintaining the device (3), arranged to keep the moveable
wall section (2) in its initial position, during insertion of the mixing chamber
(1) into the sleeve (13a) and an opening (18) arranged to allow for the vacuum
connection (4) to be reconnected to the mixing chamber (1) after insertion.

A device according to claim 5,characterized inthat a second kind of
sleeve (13b), which is part of the extrusion tool (12) has a cut-out (19) formed
to allow for maintaining the vacuum connection (4) during the insertion of the
mixing chamber (1) into the sleeve (13b) and a groove (17) formed to in con-
junction with the cut-out (19) allow for maintaining the device (3) arranged to
keep the moveable wall section (2) in its initial position during the insertion of
the mixing chamber (1) into the sleeve (13b).

A device according to claim 5,characterized in that a third kind of
sleeve (13c¢), which is part of the extrusion tool (12) has a an opening (18) ar-
ranged to allow for the vacuum connection (4) to be reconnected to the mixing
chamber (1) after insertion of the mixing chamber (1) into the sleeve (13c).

RECTIFIED SHEET (RULE 91)
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