004/014262 A1 I U000 A0 AT 010 0 0O

=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
19 February 2004 (19.02.2004)

(10) International Publication Number

WO 2004/014262 A1l

(51) International Patent Classification’: AG1F 2/46
(21) International Application Number:
PCT/GB2003/003443

(22) International Filing Date: 7 August 2003 (07.08.2003)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

0218310.1 7 August 2002 (07.08.2002) GB
(71) Applicant (for all designated States except US): DEPUY
INTERNATIONAL LIMITED [GB/GB]; St Anthony’s

Road, Beeston, Leeds LS11 8DT (GB).

(72) Inventors; and

(75) Inventors/Applicants (for US only): WATKINS, Neil,
David [GB/GB]; 36 Lady Acre Close, Lymm, Cheshire
WAT13 OSR (GB). ISAAC, Graham [GB/GB]; 132 Hall
Ing, Honley, Huddersfield HD9 6QX (GB).

(74) Agent: BELCHER, Simon, James; Urquhart-Dykes &
Lord, Tower House, Merrion Way, Leeds L.S2 8PA (GB).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR,BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL,, IN, IS, JP, KE, KG, KP, KR, KZ, LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC,
SD, SE, SG, SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA,
UG, US, UZ, VC, VN, YU, ZA, ZM, ZW.
(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO,
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: AN INSTRUMENT FOR PREPARING A BONE CEMENT MATERIAL

7/\_/

)

[ ™~_—6

L —~_ W
—
-

U

S
N

8
N

9

(57) Abstract: An instrument (1) for deploying a bone cement material in a bone cavity, the material being formed from two reactive
components which, when mixed, react to form a useable cement comprises a chamber (2) in which the components of the material
can be mixed, and a mixing tool which extends into the chamber (2), and which can be manipulated from outside the chamber (2), to
cause the components of the material to mix. Material can be discharged from the chamber (2) after it has mixed through an outlet
(3). A piston (8), which can be moved through the chamber (2) to apply positive pressure to mixed material within the chamber (2),
can displace the mixed material from the chamber (2) through the outlet (3) into the bone cavity (32, 54). A sealing component (9,
20) fits over the bone cavity (32, 54) to seal the cavity (32, 54) around the chamber outlet (3) and to minimise leakage of bone cement
that has injected into the cavity (32, 54), and a sensor (23, 63) is provided for measuring the pressure to which the bone cement is
subjected during displacement from the chamber (2). Preferably, the sensor (23, 63) is provided in the sealing component (9, 20).
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AN INSTRUMENT FOR PREPARING A BONE CEMENT MATERIAL

This invention relates to an instrument for preparing and delivering a bone cement material

for deployment in orthopaedic surgery.

It is common to use bone cement materials to fix orthopaedic implants such as components
of orthopaedic joint prostheses. The materials are commonly based on methacrylic acid
and its esters. The materials are prepared by mixing two reactive components together.

Reaction of the components involves polymerisation of the acid.

The reliability of the bond between a bone cement and adjacent bone tissue requires that
the cement be injected into a bone cavity under pressure. This can improve the keying of
the cement into the surface of the bone. It can also reduce the tendency for blood to exude
from the surface of the bone, which itself can otherwise lead to weakening of the bond
between the cement and the bone tissue, and weakening of the cement itself. A cement
injection pressure of not less than about 3 kPa can be sufficient to prevent exudation of
blood from bone tissue. It has been established through cadaveric studies that an injection
pressure of at least about 250 kPa can lead to impregnation of porous bone tissue by bone

cement, for example to a depth of about 3 to 4 mm.

The present invention provides an instrument for preparing a bone cement material for
deployment in orthopaedic surgery, which comprises a chamber in which components of
the material can be mixed, and a sensor for measuring the pressure to which the cement is

subjected during displacement from the chamber.
Accordingly, in one aspect, the invention provides an instrument for deploying a bone
cement material in a bone cavity, the material being formed from two reactive components

which, when mixed, react to form a useable cement, the instrument comprising:

a. a chamber in which the components of the material can be mixed,

CONFIRMATION COPY
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b. a mixing tool which extends into the chamber, and which can be
manipulated from outside the chamber, to cause the components of the material to
mix,

c. an outlet from the chamber through which the mixed material can be
discharged from the chamber after it has mixed,

d. a piston which can be moved through the chamber to apply positive
pressure to mixed material within the chamber, to displace the mixed material
from the chamber through the outlet into the bone cavity,

e. a sealing component which fits over the bone cavity to seal the cavity
around the chamber outlet and to minimise leakage of bone cement that has been
injected into the cavity,

f. a sensor for measuring the pressure to which the bone cement is

subjected during displacement from the chamber.

The instrument of the invention has the advantage that it enables greater accuracy to be
achieved in the application of pressure to cement which is injected into a bone cavity. This
can help to optimise the bond between the cement and the surface of the bone. It can also
help to minimise the tendency for blood to exude from the bone at the surface where it

contacts the cement.

The instrument of the invention has the further advantage that mixing of the cement
material and its subsequent deployment can be accomplished, with control over the
pressure that is applied to the cement, while the material is retained within the chamber and
without exposure to atmosphere. This reduces the risk of contamination of the material,

and also reduces the risk of exposure to the possibly harmful components of the cement.

Preferably, pressure sensor is located in at least one of:

a. the wall of the chamber towards which the piston moves to discharge
mixed cement material through the chamber outlet,
b. the face of the piston which faces towards the end wall of the chamber,

C. the outlet from the chamber,
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d. the sealing component.

Preferably, the pressure sensor is located in or close to the face of the sealing component
which faces into the bone cavity. This allows pressure signals to be generated which most
accurately represent the pressure to which bone cement within the cavity is subjected,
allowing accurate control over the interface between the cement and the surface of bone

tissue.

Preferably, the sealing component comprises:

a. a sealing plate which can be fitted over the bone cavity and has a quantity
of a resiliently deformable material on its lower face to enable a seal to be created
between the plate and the edge of the bone, and

b. a plug which has an injection port extending through it in which the

outlet can be received,

the sealing plate having an opening extending through it (I) in which the plug which can be
received, and (ii) through which a prosthesis which is to be bonded to the bone of the
cavity by the bone cement can be inserted into the cavity after injection of the cement and

removal of the plug.

When the sealing component comprises a sealing plate and a plug, it can be preferred for

the pressure sensor to be located in the sealing plate.

Preferably, the pressure sensor generates a signal which is representative of the pressure to
which the bone cement is subjected during displacement from the chamber, and in which
the signal gives rise to an indication of the said pressure which is audible or visible. For
example, the pressure sensor can generate a signal which is indicated on a pressure scale.
The pressure sensor can generate a signal which is indicated on one or more lights; for
example different coloured lights can be illuminated according to the pressure to which the
cement is subjected. One arrangement might provide one or more lights which can be

differentiated, for example by position or colour, which are illuminated when the pressure
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to which the cement is subjected is within a predetermined range, and one or more other
lights which are illuminated when the pressure to which the cement is subjected is outside

a predetermined range, for example above the range or below the range or both.

Preferably, the pressure signal causes a warning signal to be generated when the pressure to
which the bone cement is subjected during displacement from the chamber is less than
about 3 kPa. More preferably, the pressure sensor causes a warning signal to be generated
when the pressure to which the bone cement is subjected during displacement from the
chamber is less than about 150 kPa, especially less than about 200 kPa, for example less
than about 250 kPa. A warning signal can be generated when the pressure exceeds about

450 kPa, preferably about 400 kPa, more preferably about 350 kPa.

Preferably, the pressure sensor generates a signal which is representative of the pressure to
which the bone cement is subjected during displacement from the chamber, and in which
the signal can be arranged to cause the pressure that is applied to the bone cement by the
piston to be changed when the pressure is outside a predetermined range. The lower limit
of the said predetermined pressure range is preferably at least about 3 kPa. More
preferably, the lower limit is at least about 150 kPa, especially at least about 200 kPa, for
example at least about 250 kPa. Preferably, the upper limit of the said pressure range is

about 650 kPa, more preferably about 500 kPa, especially about 400 kPa.

Mixing devices for bone cement, which include discharge outlets for the cement after it has
been mixed, are known. These include devices in which the piston which is used to
discharge cement from the device forms one end of the chamber in which the cement is
mixed. In some such devices, the discharge outlet is used during mixing of the cement to

move the tool, for example by means of a shaft which protrudes from the outlet.

The mixing tool can move within the chamber to ensure mixing of the cement components.
Preferably, the tool is capable of rotating about an axis defined by a shaft thereof, and is
also capable of moving inwardly and outwardly along the axis defined by the shaft. These
movements can be made manually, or using a motor or other drive. The mixing tool can

have vanes on it. The mixing tool and the pressure sensor have to be positioned so that
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neither of them is damaged when the mixing tool is moved to cause the bone cement

components to mix.

Especially when the pressure sensor is provided in a wall of the chamber or in the piston, it
can be preferred for it to be movable between a retracted or withdrawn position in which it
allows the mixing tool to be used to mix the components, and an operative position in
which it extends further into the chamber, into bone cement material in the chamber which
has been mixed and is being allowed to react. The pressure sensor can be separable from
the chamber so that they are supplied as separate parts. The pressure sensor can then be
inserted into the chamber wall after the mixing step has been completed. For example, the
chamber wall can have an opening which is closed by a plug or a cap or other closure. The

pressure sensor can be positioned in the opening after removal of the plug.

The pressure sensor can provide an accurate indication of the pressure to which cement
being discharged from the chamber is exposed when it is provided in a wall of the chamber
(including the outlet, which might be a nozzle, from the chamber) or in the piston. For
example, the sensor can be positioned in the end wall of the chamber, towards which the
piston moves to displace cement from the chamber, or it can be positioned in the outlet

through which cement is injected into a bone cavity.

It can be preferred for the step of preparing the instrument of the invention for use
(possibly as part of a manufacturing process) to include a step of calibrating the pressure

sensor, especially when the sensor is provided in a wall of the chamber or in the piston.

The pressure sensor can comprise at least one pressure switch or pressure transducer.
Pressure might also be indicated by means of a component which changes configuration or
shape or location when the pressure that is sensed by the sensor exceeds a pre-set limit.
For example, it might comprise a pop-out plug which remains in place in a socket until the
pressure that is sensed by the sensor reaches the pre-set limit, and then reverts to a popped
configuration, providing a visible indication of pressure being above the said limit. The
socket can have a bleed hole in its base which communications with the space in which the

pressurised bone cement is located.. The plug will be sealed into the socket, for example
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by a flexible polymeric seal which allows the plug to flex between its configuration prior to

use, and its popped configuration.

Preferably, the instrument includes a data processor which is connected to the pressure
sensor so that data from the pressure sensor can be transmitted to the data processor for
analysis, to generate information concerning the pressure of material within the chamber.
The information can be transmitted to the data processor wirelessly, for example, using
radio or infrared communication. Generally, however, it will be preferred for the

information to be transmitted using conductors.

Use of a data processor has the advantage that it can provide a record of the measurements
taken from the cement material in the chamber, which can be retained for later reference,
for example with other records relating to the procedure. A data processor can be used to
generate output information, for example for use by the surgeon. This information can be

visual information, especially in graphical form. The information could be audible.

Embodiments of the present invention will now be described by way of example with

reference to the accompanying drawings, in which:

Figure 1 is a schematic side view of an instrument according to the invention.

Figure 2 is an enlarged view of a seal component of the instrument according to
the invention.

Figure 3 is a schematic view showing steps in a method of using the instrument of
the invention.

Figure 4 shows another embodiment of seal component of the instrument

according to the invention.

Referring to the drawings, Figure 1 shows an instrument 1 for deploying a bone cement
material in a bone cavity. Bone cement materials are known which can be mixed and
deployed from an instrument of this general kind, for example as sold by DePuy CMW.
They are formed from two reactive components which, when mixed, react to form a

useable cement.
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The mstrument shown in Figure 1 comprises a chamber 2 in which the components of the
material can be mixed. The chamber can contain a mixing tool which can be manipulated
from outside the chamber, to cause the components of the material to mix. Chamber has
an outlet 3 in the form of a nozzle, through which the mixed material can be discharged
from the chamber after it has mixed. The material is displaced from the chamber 2 through

the outlet 3 by means of a piston 8.

The instrument includes a sealing component 9 which fits over the bone cavity to seal the
cavity around the chamber outlet and to minimise leakage of bone cement that has been

injected into the cavity.

A sensor 4 is provided in a wall of the chamber for measuring the pressure to which the
bone cement is subjected during displacement from the chamber. A pressure signal which
is generated at the sensor is conducted by a signal cable 7 to a data processor, and then to a

display device, which can provide for example a visual, graphical or audible signal output.

Figure 2 shows a seal component 20 which is configured to fit into a cavity in a bone to
seal the bone against egress of cement during injection. The component is therefore shaped

according to the anticipated shape of the cavity in the bone.

The sealing component has a bore 22 extending through it into which the outlet nozzle 3 of
the instrument can be inserted. Two pressure transducers 22 are mounted within the seal
component on the face 24 thereof which faces into the cavity in the bone when the

component is in use, so that they can sense accurately the pressure within the cavity.

Figure 3a shows the instrument 1 of the invention being offered up to a prepared femur 30,

with the nozzle 3 introduced into the cavity 32 in the bone.

Figure 3b shows the instrument in position relative to the bone during the injection of bone
cement into the cavity. The sealing component 9 is in contact with the bone so as to form a
seal between it and the bone, so that loss of cement from the bone cavity is minimised

during the injection.
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Figure 4 shows a femur 52 which has been resected at its upper end. Cancellous bone has
been removed from the centre of the femur at the upper end to form a cavity 54 in which a
prosthesis 56 is to be located. The prosthesis comprises a stem which is received in the

cavity and a head which engages an acetabular cup component, as is known.

The stem of the prosthesis is bonded to the bone of the cavity by means of bone cement
injected into the cavity under pressure. Pressure in the cement injected into the cavity is
maintained during and after injection (while the cement hardens) by means of a sealing
gasket positioned over the end of the bone. The gasket comprises a sealing plate 60 having
an opening 62 in it, and a plug 64 located in the opening in which the nozzle 66 of bone

cement delivery apparatus can be received.

Pressure sensors 63 are provided in the sealing plate which can generate a signal which
represents the pressure within the cavity in the bone. The sensors can indicate the pressure

with which cement is injected into the cavity from within the chamber 2 of the instrument.

Force can be applied to the gasket against the bone directly, or by means of a u-shaped tool

69 which can be located around the opening 62 in the sealing plate.

The dimensions of the sealing plate will be selected according to the bone against which it
is to be used and the prosthesis which is to be inserted into the bone cavity. For example, a
sealing plate to be used against the femur of an adult human might have dimensions 60 mm

by 55 mm. The opening in the plate has dimensions 20 mm by 11 mm.

The opening 62 in the sealing plate is generally oval, having semi-circular portions at each

end joined by straight portions.

In use, after injection of bone cement into the bone cavity, the plug 64 is removed from the
opening 62 in the sealing plate 60. The plug can be removed soon after injection of the
cement. However, it can be preferred for its removal to be deferred until the cement has
partially hardened, for example, until it has hardened sufficiently for insertion into the

cavity of the prosthesis. The prosthesis to be located in the bone cavity can be inserted in
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the cavity through the opening 62 after removal of the plug. The pressure sensors can
provide an indication of the pressure that is generated within the bone cavity during the

step of inserting the prosthesis into the cavity.

Once the bone cement has hardened sufficiently to bond the prosthesis to the bone, the
sealing plate can be removed from the bone. Preferably, the sealing plate is severed before
removal, for example by tearing or more preferably by cutting, from the opening 62 to an
edge of the plate, so that it can be removed by lateral movement rather than having to be

passed over the end of the prosthesis.

Further details of a sealing component of the type shown in Figure 4 are disclosed in
US-5980527; subject matter disclosed in that document is incorporated in the specification

of the present application by this reference.
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CLAIMS:

L.

An instrument for deploying a bone cement material in a bone cavity, the material

being formed from two reactive components which, when mixed, react to form a useable

cement, the instrument comprising:

2.

a. a chamber in which the components of the material can be mixed,

b. a mixing tool which extends into the chamber, and which can be
manipulated from outside the chamber, to cause the components of the material to
mix,

c. an outlet from the chamber through which the mixed material can be
discharged from the chamber after it has mixed,

d. a piston which can be moved through the chamber to apply positive
pressure to mixed material within the chamber, to displace the mixed material
from the chamber through the outlet into the bone cavity,

€. a sealing component which fits over the bone cavity to seal the cavity
around the chamber outlet and to minimise leakage of bone cement that has been
injected into the cavity,

fl a sensor for measuring the pressure to which the bone cement is

subjected during displacement from the chamber.

An instrument as claimed in claim 1, in which a pressure sensor is located in at

least one of:

3.

a. the wall of the chamber towards which the piston moves to discharge

mixed cement material through the chamber outlet,

b. the face of the piston which faces towards the end wall of the chamber,
c. the outlet from the chamber,
d. the sealing component.

An instrument as claimed in claim 2, in which the pressure sensor is located in or

close to the face of the sealing component which faces into the bone cavity.
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4, An instrument as claimed in claim 1, in which the sealing component comprises:
a. a sealing plate which can be fitted over the bone cavity and has a quantity

of a resiliently deformable material on its lower face to enable a seal to be created
between the plate and the edge of the bone, and
b. a plug which has an injection port extending through it in which the

outlet can be received,

the sealing plate having an opening extending through it (I) in which the plug which can be
received, and (ii) through which a prosthesis which is to be bonded to the bone of the
cavity by the bone cement can be inserted into the cavity after injection of the cement and

removal of the plug.

5. An instrument as claimed in claim 4, in which the pressure sensor is located in the
sealing plate.
6. An instrument as claimed in claim 1, in which the pressure sensor generates a

signal which is representative of the pressure to which the bone cement is subjected during
displacement from the chamber, and in which the signal gives rise to an indication of the

said pressure which is audible or visible.

7. An instrument as claimed in claim 6, in which the pressure sensor causes a
warning signal to be generated when the pressure to which the bone cement is subjected

during displacement from the chamber is less than about 3 kPa.

8. An instrument as claimed in claim 1, in which the pressure sensor generates a
signal which is representative of the pressure to which the bone cement is subjected during
displacement from the chamber, and in which the signal can be arranged to cause the
pressure that is applied to the bone cement by the piston to be changed when the pressure is

outside a pre-determined range.
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