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APPARATUS AND METHOD FOR
DISPENSING BONE CEMENT

[0001] This application is a divisional application of U.S.
Utility patent application Ser. No. 11/375,484 entitled “Appa-
ratus and Method for Dispensing Bone Cement,” which was
filed on Mar. 14, 2006 by Timothy G. Vendrely, the entirety of
which is expressly incorporated herein by reference.

CROSS-REFERENCE TO RELATED U.S. PATENT
APPLICATION

[0002] Cross-reference is made to U.S. Utility patent appli-
cation Ser. No. 11/095,107 entitled “Method and Apparatus
for Determining the Operating Points of Bone Cement,”
which was filed Mar. 31, 2005 by Jason T. Sherman et al., and
U.S. Utility patent application Ser. No. 11/323,871 entitled
“Method and Apparatus for Determining the Operating
Points of Bone Cement,” which was filed Dec. 30, 2005 by
Jason T. Sherman et al., the entirety of both of which is
expressly incorporated herein by reference.

TECHNICAL FIELD

[0003] The present disclosure relates generally to bone
cement for use in the performance of an orthopaedic proce-
dure, and more particularly to devices for dispensing such
bone cement.

BACKGROUND

[0004] Many orthopaedic procedures require the use of
bone cement. Bone cement is used to, for example, secure a
prosthetic implant to the patient’s natural bone. Most bone
cements include a self-curing resin formed from the blending
of a liquid monomer or co-monomer with a powdered poly-
mer or copolymer. A typical liquid monomer for use as the
liquid component of bone cement is a monomeric methyl
methacrylate. Typical powders for use as the powder compo-
nent of bone cement include a methacrylate homopolymer or
a methylmethacrylate-styrene copolymer. Curing of the bone
cement composition occurs as the liquid and powder compo-
nents polymerize and crosslink.

[0005] Bone cement is typically mixed in the surgical area
just prior to its use. The curing of a bone cement composition
is characterized by three operating points. The first of which
is dough time. Dough time is distinguished qualitatively as
the point in time where the bone cement no longer adheres to
latex gloves. Dough time is measured relative to the initial
mixing of the liquid and powder components. Dough time
signifies the starting point of the working time of the bone
cement composition. In other words, once dough time is
reached, the bone cement composition has achieved a desired
viscosity and flowability to allow for the delivery of the com-
position into the surgical or implant site.

[0006] The end-of-work time is the second operating point
of a bone cement composition. It is distinguished qualita-
tively as the point in time where bone cement no longer
adheres to itself. The end-of-work time is also measured
relative to the initial mixing of the liquid and powder compo-
nents. The end-of-work time signifies when the working time
of the composition has ended. In other words, the end-of-
work time indicates when the bone cement should no longer
be used in the surgical procedure.

[0007] The third operating point of bone cement is setting
time. It, too, is measured relative to the initial mixing of the
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liquid and powder components. The setting time signifies
when the bone cement has cured sufficiently enough to main-
tain the prosthetic implant in the implant site (e.g., in the
prepared bone).

SUMMARY

[0008] According to one aspect, an apparatus for dispens-
ing bone cement includes a cartridge configured to contain
bone cement. The bone cement may be pre-mixed or may be
mixed inside the cartridge. The cartridge may be cylindrical
in shape and may include a dispensing nozzle for ejecting
bone cement from the cartridge. The apparatus may also
include a plunger insertable into the cartridge and movable to
eject bone cement within the cartridge. The cartridge and/or
the plunger may be sterile. The apparatus may further include
an impedance sensor coupled to the plunger. The impedance
sensor may be configured to produce an output signal indica-
tive of an impedance value of bone cement within the car-
tridge. The impedance sensor may be embodied as, for
example, two substantially parallel plates positioned in a
spaced apart configuration. The impedance sensor may be
coupled to the plunger on a first side. The apparatus may also
include a first connector coupled to the plunger on a second
side. The first connector may be electrically coupled to the
impedance sensor through the plunger. The apparatus may
further include a housing configured to receive the cartridge.
The apparatus may also include a rod coupled to the housing
and coupleable to the plunger. The rod may be operable to
move the plunger to eject bone cement from the cartridge. The
rod may include a second connector configured to be mate
with to the first connector. The rod may also include an
internal passageway defined therein.

[0009] The apparatus may further include a processing cir-
cuit. The processing circuit may be coupled to, for example,
the housing. The processing circuit may be electrically
coupled to the impedance sensor. For example, the processing
circuit may be electrically coupled to the impedance sensor
via the first and second connectors and one or more wires
positioned in the inner passageway of the rod. The processing
circuit may be configured to receive the output signal from the
impedance sensor and determine an impedance value of bone
cement within the cartridge based on the output signal. For
example, the processing circuit may be configured to deter-
mine a minimum impedance value of the bone cement. The
processing circuit may include an impedance analyzer and/or
a processor. The impedance analyzer may be electrically
coupled to the impedance sensor and configured to determine
the impedance value of bone cement within the cartridge
based on the output signal. The processor may be electrically
coupled to the impedance analyzer and configured to deter-
mine a minimum value of the impedance value. The process-
ing circuit may also include a memory device and the proces-
sor may be configured to store data indicative of the
impedance value determined by the impedance analyzer in
the memory device.

[0010] The apparatus may yet further include a first indica-
tor, a second indicator, and/or a third indicator coupled to the
housing. The processing circuit may be configured to activate
the first indicator if the dough time of bone cement within the
cartridge has been achieved. The processing circuit may also
be configured to activate the second indicator if the end-of-
work time of bone cement within the cartridge has been
reached. For example, the processing circuit may be config-
ured to activate one of the indicators if the determined imped-
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ance value of bone cement within the cartridge is below a
predetermined threshold value. The processing circuit may
also be configured to activate the third indicator if the setting
time of bone cement within the cartridge has been reached.
For example, the processing circuit may be configured to
activate the third indicator if a predetermined amount of time
has elapsed since the determination of the minimum imped-
ance value. Additionally or alternatively, the processing cir-
cuit may be configured to determine a rate of change of the
impedance of the bone cement and a theoretical end-of-work
time based on such rate. The processing circuit may also be
configured to generate a visual “count-down” signal to notify
the user of the remaining time until the end-of-work time of
the bone cement will be achieved. To do so, the apparatus may
include a series of light-emitting diodes (LEDs) or a display
screen to provide a visual count-down to the user.

[0011] According to another aspect, an apparatus for dis-
pensing bone cement includes a cartridge for containing bone
cement. The apparatus may also include a plunger insertable
into the cartridge. The plunger may be movable relative to the
cartridge to eject an amount of bone cement from the car-
tridge. The apparatus may include an impedance sensor
coupled to the plunger. The impedance sensor may be con-
figured to produce an output signal. The apparatus may also
include an indicator. The apparatus may further include a
processing circuit electrically coupled to the impedance sen-
sor and the indicator. The processing circuit may be config-
ured to determine an impedance value of bone cement within
the cartridge based on the output signal. The processing cir-
cuit may also be configured to activate the indicator based on
the impedance value. For example, the processing circuit may
be configured to activate the indicator if the dough time, the
end-of-work time, and/or the setting time of bone cement
within the cartridge has been reached. Additionally, the appa-
ratus may include a rod detachably coupled to the plunger.
The rod may be operable to move the plunger relative to the
cartridge to dispense bone cement from the cartridge.

[0012] According to another aspect, an assembly for use
with a bone cement cartridge includes a plunger that is insert-
able into the bone cement cartridge. The plunger may be
movable relative to the bone cement cartridge to eject bone
cement form the bone cement cartridge. The assembly may
also include an impedance sensor coupled to the plunger. The
impedance sensor may be embodied as a first terminal and a
second terminal spaced apart from the first terminal. The first
and the second terminals may be substantially parallel to each
other. The impedance sensor may be configured to produce an
output signal indicative of an impedance value of bone
cement within the bone cement cartridge.

[0013] According to another aspect, a method for dispens-
ing bone cement from a cartridge includes inserting a plunger
having an impedance sensor coupled thereto into the car-
tridge. The method may also include receiving an output
signal from the impedance sensor and determining an imped-
ance value of bone cement within the cartridge based on the
output signal. The method may further include generating a
human-detectable signal, such as a visual or audible signal,
based on the impedance value. For example, the human-
detectable signal may be activated if the dough time, the
end-of-work time, and/or the setting time of bone cement
within the cartridge has been reached.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The detailed description particularly refers to the
following figures, in which:

[0015] FIG. 1 is a diagramatic view of an apparatus for
dispensing bone cement;

[0016] FIG.2isaperspective diagramatic view of a plunger
assembly of the apparatus of FIG. 1;

[0017] FIG. 3 is a diagrammatic view of a housing of the
apparatus of FIG. 1 having a portion cut away for clarity of
description;

[0018] FIG. 4 is aflowchart of an algorithm for determining
conditions of bone cement, which may be executed by a
processing circuit of the apparatus of FIG. 1;

[0019] FIG. 5 is a graph showing a plot of a theoretical
relationship between the impedance of a bone cement com-
position and time;

[0020] FIG. 6 is a diagrammatic view of one embodiment
of the apparatus of FIG. 1; and

[0021] FIG. 7 is a diagrammatic view of another embodi-
ment of the apparatus of FIG. 1.

DETAILED DESCRIPTION OF THE DRAWINGS

[0022] While the concepts of the present disclosure are
susceptible to various modifications and alternative forms,
specific exemplary embodiments thereof have been shown by
way of example in the drawings and will herein be described
in detail. It should be understood, however, that there is no
intent to limit the concepts of the present disclosure to the
particular forms disclosed, but on the contrary, the intention is
to cover all modifications, equivalents, and alternatives fall-
ing within the spirit and scope of the invention as defined by
the appended claims.

[0023] Referring to FIG. 1, an apparatus 10 for dispensing
bone cement includes a cartridge 12 and a housing 14 con-
figured to receive the cartridge 12. The cartridge 12 includes
an inner cavity 16 wherein the bone cement is placed. The
cartridge 12 also includes a nozzle 18 in fluid communication
with the inner cavity 16 such that bone cement may be dis-
pensed from the inner cavity 16 via the nozzle 18. The car-
tridge 12 and housing 14 may be formed from any suitable
material that does not adversely interact with the bone
cement. For example, in some embodiments the cartridge 12
and/or housing 14 are formed from a plastic material. In some
embodiments, the bone cement is mixed in a separate mixing
apparatus (not shown) and subsequently placed into the inner
cavity 16 of the cartridge 12. In other embodiments, the bone
cement may be mixed in the inner cavity 16. For example, the
liquid monomer or co-monomer and the powdered polymer
or copolymer may be placed into the inner cavity 16 and
mixed in-situ therein. In such embodiments, a cap (not
shown) may be coupled to the nozzle 18 to restrict the inad-
vertent expulsion of bone cement from the inner cavity 16
during the mixing process.

[0024] The apparatus 10 also includes a plunger 20 that is
shaped and sized to be insertable into the inner cavity 16 of the
cartridge 12. In the illustrative embodiment, the inner cavity
16 has a substantially circular cross-section. As such, the
illustrative plunger 20 also has a substantially circular shape
such that the plunger 20 may be inserted into the inner cavity
16 and moved inwardly to cause an amount of the bone
cement positioned in the inner cavity 16 to be dispensed via
the nozzle 18. In some embodiments, a seal (not shown) is
coupled to the edge of the plunger 20 to provide an improved
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contact between the plunger 20 and the inner walls of the
cartridge 12 which define the inner cavity 16. Additionally, in
some embodiments, the cartridge 12 and/or the plunger 20
may be sterile.

[0025] The apparatus 10 also includes an impedance sensor
22 coupled to a first side 24 of the plunger 20. The impedance
sensor 22 is mounted to the first side 24 such that when the
plunger 20 is inserted into the inner cavity 16 of the cartridge
12, the impedance sensor 22 comes into contact with the bone
cement located therein. That is, the plunger 20 is inserted into
the inner cavity 16 such that the first side 24 of the plunger 20
faces toward the inner cavity 16 and the nozzle 18 of the
cartridge 12. As such, the plunger 20 may be formed from any
material capable of supporting the impedance sensor 22 and
rigid enough to compress the bone cement in the inner cavity
16 to dispense an amount of bone cement through the nozzle
18 while not adversely interacting with the bone cement. For
example, in some embodiments, the plunger 20 is formed
from a plastic material.

[0026] The impedance sensor 22 may be embodied as any
type of sensor capable of producing a sensor signal indicative
of the impedance of the bone cement contained in the car-
tridge 12. As illustrated in FIG. 2, in the illustrative embodi-
ment, the impedance sensor 22 includes a first terminal 26 and
a second terminal 28. The terminals 26, 28 are illustratively
embodied as metallic plates coupled to the first side 24 of the
plunger 20 in substantially parallel relationship with each
other. The first and second terminals 26, 28 are spaced apart a
distance 27 such that when the impedance sensor 22 is con-
tacted with bone cement located in the inner cavity 16 of the
cartridge 12, a portion of the bone cement becomes posi-
tioned between the plates 26, 28. In response to the applica-
tion of an appropriate voltage signal, the impedance sensor 22
produces an output signal. Based on this output signal, an
impedance value of the bone cement contained in the car-
tridge 12 may be determined as discussed in further detail
below in regard to FIGS. 4 and 5.

[0027] The first and second terminals 26, 28 of the imped-
ance sensor 22 are coupled to the plunger 20 via a pair of
connectors 30, 32, respectively. The connectors 30, 32 are
electrical connectors and are in electrical communication
with the first and second terminals 26, 28, respectively. The
connectors 30, 32 are also electrically coupled to a pair of
connectors 34, 36 (shown in shadow) coupled to the plunger
20 on a second side 38. In the illustrative embodiment, the
connectors 30, 32 are electrically coupled to the connectors
34, 36, respectively, through the plunger 20. To do so, the
connectors 30, 32 may be electrically coupled to the connec-
tors 34, 36 by a number of wires, vias, or other electrical
interconnections that extend through the plunger 20. Alterna-
tively, the connectors 30 and 34 and the connectors 32 and 36
may each form a unitary connector which extends from the
first side 24, through the plunger 20, to the second side 38.
Regardless, the connectors 30, 32 are electrically coupled to
the connectors 34, 36 such that the connectors 34, 36 located
on the second side 38 of the plunger 20 are also electrically
coupled to the first and second terminals 26, 28 of the imped-
ance sensor 22. It should be appreciated that in other embodi-
ments, other types of impedance sensors may be used. Addi-
tionally, any number and type of connectors may also be used
to interconnect the impedance sensor 22 to other devices of
the apparatus 10. Further, in other embodiments, other meth-
ods of securing the impedance sensor 22 to the plunger 20
may be used. For example, in some embodiments, the imped-
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ance sensor 22 may be embedded in or on the first side 24 of
the plunger 20 or otherwise form an integral part thereof.

[0028] The plunger 20 is configured to be coupled to a
plunger rod 40 of the housing 14. The plunger rod 40 is
movable relative to housing 14. When the plunger 20 is
coupled to the rod 40, the rod 40 may be moved in an outward
direction relative to the housing 14 to thereby move the
plunger 20 within the inner cavity 16 toward the nozzle 18 to
dispense an amount of bone cement therefrom. In the illus-
trative embodiment, the plunger rod 40 is cylindrical in shape,
however, in other embodiments, other configurations for the
plunger rod 40 may be used. For example, in some embodi-
ments, the plunger rod 40 may be substantially flat, have a
rectangular shape, or have any other geometric shape that
facilitates the coupling to and movement of the plunger 20.
Additionally, the plunger rod 40 may be formed from any
material capable of facilitating the movement of the plunger
20 in the inner cavity 16. For example, in some embodiments,
the plunger rod 40 is formed from a plastic or metallic mate-
rial.

[0029] As illustrated in FIG. 2, in the illustrative embodi-
ment, the rod 40 is coupled to the plunger 20 via a pair of
connectors 44, 46. The connectors 44, 46 are coupled to a
substrate 48, which is mounted to a distal end of the rod 40.
The substrate 48 may have any shape and be formed from any
material capable of supporting the connectors 44, 46. The
connectors 44, 46 are configured and orientated to mate with
the connectors 34, 36, respectively, of the plunger 20 to
thereby couple the plunger 20 to the plunger rod 40. To do so,
the connectors 34, 36 and 44, 46 may be configured to couple
with each other in any manner. For example, the connectors
34, 36 may be “female” type connectors while the connectors
44, 46 are “male” type connectors or vice-versa. Alterna-
tively, one of the connectors 34, 36 may be a “female” type
connector while the other connector 34, 36 is a “male” type
connector and the connectors 44, 46 may be of corresponding
“female” and “male” types. Regardless, in the illustrative
embodiment, the plunger 20 is coupled to the rod 40 (i.e., to
the substrate 48 of the rod 40) via the coupling of the connec-
tors 34, 36 and 44, 46.

[0030] Referring now back to FIG. 1, the connectors 44, 46
are also electrically coupled to a processing circuit 50. Illus-
tratively, the connectors 44, 46 are electrically coupled to the
processing circuit 50 via a number of interconnects 52 posi-
tioned in an inner passageway 54 of the plunger rod 40 (see
FIG. 2). The interconnects 52 may be embodied as any type of
interconnects capable of providing electrical communication
between the impedance sensor 22 and the processing circuit
50 such as, for example, wires, cables, fiber optic cables, or
the like. The interconnects 52 are electrically coupled to the
connectors 44, 46 through the substrate 48 and extend down-
wardly therefrom through the inner passageway 54. The inter-
connects 52 exit the inner passageway 54 via a hole 56 (see
FIG. 3) or other access means and are electrically coupled to
the processing circuit 50. In this way, when the plunger 50 is
coupled to the plunger rod 40, the impedance sensor 22 is
electrically coupled to the processing circuit 50 via the con-
nectors 30, 32, 34, 36, 44, 46 and the wires 52.

[0031] The processing circuit 50 is also coupled to an indi-
cator panel 58 located on the housing 14 via a number of
interconnects 60. Similar to the interconnects 52, the inter-
connects 60 may be embodied as any type of interconnects
capable of providing electrical communication between the
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processing circuit 50 and the indicator panel 58 such as, for
example, wires, cables, fiber optic cables, or the like.

[0032] Referring now to FIG. 3, in one embodiment, the
processing circuit 50 includes an impedance analyzer 62, a
memory device 63, a processor 64 electrically coupled to the
impedance analyzer 62 and the memory device 63, and a
display driver circuit 66 electrically coupled to the processor
64. The impedance analyzer 62 is electrically coupled to the
impedance sensor 22 via the interconnects 52. The display
driver circuit 66 is electrically coupled to a first indicator 68
of the indicator panel 58 via interconnects 70. The display
driver circuit 66 is also electrically coupled to a second indi-
cator 72 of the indicator panel 58 via interconnects 74. The
display driver circuit 66 is further electrically coupled to a
third indicator 76 of the indicator panel 58 via interconnects
78. The interconnects 70, 74, 78 may be any type of intercon-
nects capable of electrically coupling the display driver cir-
cuit 66 of the processing circuit 50 to the indicators 68, 72, 76.
Iustratively, the indicators 68, 72, 76 are light emitting
diodes (LEDs), however, in other embodiments, the indica-
tors 68, 72, 76 may be embodied as any type of visual indi-
cator capable of providing a visual notification to a user of the
apparatus 10. Additionally, although the illustrative embodi-
ment of FIG. 3 includes three indicators 68, 72, 76, any
number of indicators may be used in other embodiments.
Further, in some embodiments, the indicator panel 58
includes a display screen, such as a liquid crystal display
(LCD) screen, instead of or in addition to the indicators 68,
72, 76. In such embodiments, the display driver circuit 66 is
configured to control the display screen to display informa-
tion to the user of the apparatus 10.

[0033] Although illustrated in FIGS. 1 and 3 as being
coupled to an internal side wall of the housing 14, it should be
appreciated that the processing circuit 50 may be coupled to
the housing 14 in any location wherein the processing circuit
50 is also capable of being electrically coupled to the imped-
ance sensor 22 and the indicator panel 58. For example, in
some embodiments, the processing circuit 50 may be
mounted in a handle of the housing 14.

[0034] Inoperation, the processing circuit 50 is configured
to determine the condition of the bone cement located in the
inner cavity 16 of the cartridge 12. To do so, in some embodi-
ments, the processing circuit 50 may be configured to execute
an algorithm 100 for determining the condition of the bone
cement. As illustrated in FIG. 4, the algorithm 100 beings
with a process step 102 in which an output signal is received
from the impedance sensor 22. The output signal is received
by the impedance analyzer 62 of the processing circuit 50. In
some embodiments, the impedance analyzer 62 is configured
to periodically sample the output signal produced by the
impedance sensor 22. In process step 104, an impedance
value of the bone cement is determined based on the output
signal received in the process step 102. To do so, the imped-
ance analyzer 62 is configured to calculate the impedance
value using the output signal. For example, in some embodi-
ments, the impedance analyzer 62 is configured to correlate a
voltage and/or current value of the output signal to an imped-
ance value.

[0035] Once an impedance value has been determined in
process step 104, the algorithm 100 advances to process steps
106, 110, and 114. It should be appreciated that the process
steps 106, 110, 114 may be executed contemporaneously with
each other. In process step 106, the processing circuit 50
determines ifthe dough time of the bone cement located in the
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cartridge 12 has been reached. To do so, the processing circuit
50 may be configured to determine if a predetermined amount
of'time has lapsed since the bone cement has been mixed. For
example, the processing circuit 50 may be configured to wait
a predetermined amount of time after the cartridge 12 has
been coupled to the housing 14. The processing circuit 50
may determine that the cartridge 12 has been so coupled
based on the output signal produced by the impedance sensor
22. In other embodiments, the processing circuit 50 may be
configured to determine if the dough time of the bone cement
has been reached based on the impedance value of the bone
cement. For example, the processing circuit 50 may be con-
figured to determine that the dough time of the bone cement
has been reached if a predetermined impedance value is
achieved. Regardless, if the dough time of the bone cement
located in the cartridge 12 has been reached, the processing
circuit 50 is configured to activate the first indicator 68 in
process step 108. By activating the first indicator 68, the
processing circuit 50 may notify the user of the apparatus 10
that the bone cement may be injected into, for example, a
bone of a patient. The first indicator 68 may be activated
continually, periodically, or for a predetermined amount of
time. If, however, the dough time has not been reached, the
algorithm 100 loops back to process step 102 wherein the
output signal from the impedance sensor 22 is received by the
impedance analyzer 62 of the processing circuit 50.

[0036] Inprocess step 110, the processing circuit 50 deter-
mines if the end-of-work time of the bone cement located in
the cartridge 12 has been reached. To do so, in some embodi-
ments, the processing circuit 50 (e.g., the processor 64) may
be configured to determine if a minimum impedance value of
the bone cement has been achieved. As the bone cement
cures, the impedance value of the bone cement decreases to a
minimum value and subsequently begins to increase until the
bone cement is fully cured. For example, as illustrated in F1G.
5, a graph 120 of the impedance value of an amount of typical
bone cement as it cures over time is illustrated. The graph 120
includes an abscissa axis 122 graduated in units of time and an
ordinate axis 124 graduated in units of impedance (ohms). A
plot line 126 illustrates the impedance value of the bone
cement over time. As shown in FIG. 6, as time increases, the
impedance value of the bone cement reaches a minimum
value designated by an “X” on the graph 120. After the imped-
ance value of the bone cement has reached the minimum
value, the bone cement impedance begins to increase again.
In some embodiments, the minimum impedance value of the
bone cement correlates to the end-of-work time. Accordingly,
by determining the minimum impedance value of the bone
cement, the end-of-work time may be determined.

[0037] To determine if a minimum impedance value of the
bone cement located in the inner cavity 16 of the cartridge 12
has been achieved, in some embodiments, the processor 64
may be configured to store impedance values, or data indica-
tive thereof, determined by the impedance analyzer 62 in the
memory device 63. The processor 64 may then replace the
stored impedance values with new impedance values if the
new impedance value is less than the stored impedance value.
Once the processor 64 determines that the new impedance
value is greater than the stored impedance value, the proces-
sor 64 may be configured to acknowledge that a minimum
impedance value of the bone cement has been achieved and
determine that the end-of-work time of the bone cement
located in the cartridge 12 has been reached. It should be
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appreciated that the minimum impedance value so deter-
mined may be a local or global minimum impedance value.
[0038] Alternatively or additionally, the processing circuit
50 may be configured to determine that a minimum imped-
ance value of the bone cement has been achieved if the imped-
ance value determined by the impedance analyzer 62 falls
below a predetermined minimum threshold value. In other
embodiments, other methods for determining if the end-of-
work time of the bone cement has been reached may be used.
For example, in some embodiments, the end-of-work time of
the bone cement may be determined based on the phase angle
of the impedance value of the bone cement, inflection points
of the impedance graph, and/or time values. Additional
description of techniques for determining if the end-of-work
time for the bone cement has been achieved are disclosed in
copending, commonly-owned U.S. Utility patent application
Ser. No. 11/095,107 entitled “Method and Apparatus for
Determining the Operating Points of Bone Cement,” which
was filed Mar. 31, 2005 by Jason T. Sherman et al. and in
commonly-owned U.S. Utility patent application Ser. No.
11/323,871 entitled “Method and Apparatus for Determining
the Operating Points of Bone Cement,” which was filed Dec.
30, 2005 by Jason T. Sherman et al., the entirety of both of
which is expressly incorporated herein by reference.

[0039] If the end-of-work time of the bone cement located
in the cartridge 12 has been reached, the processing circuit 50
is configured to activate the second indicator 72 in process
step 112. By activating the second indicator 72, the process-
ing circuit 50 may notify the user of the apparatus 10 that the
implant should be inserted into the relevant bone or other area
wherein the bone cement has been injected. The second indi-
cator 72 may be activated continually, periodically, or only for
apredetermined amount of time. If, however, the end-of-work
time has not been reached, the algorithm 100 loops back to
process step 102 wherein the sensor signal from the imped-
ance sensor 22 is received by the impedance analyzer 62 of
the processing circuit 50.

[0040] Additionally or alternatively, in other embodiments,
the processing circuit 50 is configured to determine a rate of
change of the impedance value of the bone cement based on
the impedance values received from the impedance sensor 22.
The processing circuit 50 may subsequently determine a
theoretical end-of-work time of the bone cement based on rate
of change of the impedance of the bone cement. In such
embodiments, the processing circuit 50 may be configured to
provide a “count-down” indicator to auser of the apparatus 10
to notify the user of the time remaining until the end-of-work
time of the bone cement is reached. For example, the appa-
ratus 10 may include a series of light-emitting diodes (LEDs)
that are activated by the processing circuit 50 in a sequential
order to provide a visual count-down indicator to the user.
Alternatively, the apparatus 10 may include a display, such as
a liquid crystal display (LCD), that is operated by the pro-
cessing circuit 50 to provide a numerical, visual count-down
indicator to the user.

[0041] In process step 114, the processing circuit 50 deter-
mines if the setting time of the bone cement located in the
cartridge 12 has been reached. To do so, in some embodi-
ments, the processing circuit 50 may be configured to deter-
mine if a predetermined amount of time has lapsed since the
determination of a minimum impedance value of the bone
cement. The processing circuit 50 may be configured to deter-
mine that the setting time has been reached once the prede-
termined amount of time after the minimum impedance value
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has been achieved. However, in other embodiments, other
methods of determining that the setting time of the bone
cement has been reached may be used. Additional description
of'techniques for determining if the setting time for the bone
cement has been achieved are also disclosed in copending,
commonly-owned U.S. Utility patent application Ser. No.
11/095,107 entitled “Method and Apparatus for Determining
the Operating Points of Bone Cement,” which was filed Mar.
31, 2005 by Jason T. Sherman et al. and in copending, com-
monly-owned U.S. Utility patent application Ser. No. 11/323,
871 entitled “Method and Apparatus for Determining the
Operating Points of Bone Cement,” which was filed Dec. 30,
2005 by Jason T. Sherman et al., the entirety of both of which
is expressly incorporated herein by reference.

[0042] If the end-of-work time of the bone cement located
in the cartridge 12 has been reached, the processing circuit 50
is configured to activate the third indicator 76 in process step
116. By activating the third indicator 76, the processing cir-
cuit 50 may notify the user of the apparatus 10 that the bone
cement has cured and that the implantation process is com-
plete. The third indicator 76 may be activated continually,
periodically, or only for a predetermined amount of time. If,
however, the end-of-work time has not been reached, the
algorithm 100 loops back to process step 102 wherein the
sensor signal from the impedance sensor 22 is received by the
impedance analyzer 62 of the processing circuit 50.

[0043] Referring now to FIGS. 6 and 7, the housing 14 may
be embodied as any type of housing capable of receiving the
cartridge 12. As discussed above in regard to FIG. 1, the
illustrative cartridge 12 is substantially cylindrical in shape
and, as such, the housing 14 is configured to receive a cylin-
drically shaped cartridge. However, in other embodiments,
the cartridge 12 may have any shape and the housing 14 may
be configured to receive a cartridge having such shape.
[0044] In some embodiments, as illustrated in FIG. 6, the
housing 14 is embodied as a syringe 150. The syringe 150
includes a housing 152 having a cylindrical aperture 154
configured to receive the cartridge 12 or portion thereof. Once
the cartridge 12 is inserted into the cylindrical aperture 154,
the cartridge 12 may be secured to the housing 152 via con-
nectors, couplings, a twist lock, of other securing means. The
plunger rod 40 extends from the aperture 154 such that the
plunger rod 40 may be coupled to the plunger 20 of the
cartridge 12 when the cartridge 12 is coupled to syringe 150.
The syringe 150 also includes finger supports 156 and a
thumb depressor 158, which is movable with respect to the
housing 152. The plunger rod 40 is coupled to the thumb
depress 158. In use, a user of the apparatus 10 may move the
thumb depress 158 by pressing down thereon, which causes
the rod 40 to move in an outward direction with respect to the
housing 152. Because the plunger rod 40 is coupled to the
plunger 20, the plunger rod 40 causes the plunger 20 to be
moved inwardly with respect to the cartridge 12 and thereby
dispense an amount of bone cement located in the inner cavity
16 of the cartridge 12 via the nozzle 18. Once the cartridge 12
has been used to dispense the desired amount of bone cement,
the cartridge 12 may be removed from the syringe 150 and
disposed of When the syringe 150 is used again, a new car-
tridge 12 may be loaded in or otherwise coupled to the syringe
150 and used in the manner discussed above to dispense a
desired amount of bone cement.

[0045] Referring now to FIG. 7, in another embodiment,
the housing 14 is embodied as a dispensing gun 160. The
dispensing gun 160 includes a housing 162 having a cylindri-
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cal aperture 154 configured to receive a portion of the car-
tridge 12. The housing 162 also includes a support member
166 configured to support the cartridge 12. In the illustrative
embodiment, the support member 166 is shaped as a half-
cylinder such that the outer wall of the cartridge 12 may be
supported by the inner wall of the support member 166. The
cartridge 12 may be secured to the housing 162 via connec-
tors, couplings, a twist lock, of other securing means. The
plunger rod 40 extends from the aperture 164 such that the
plunger rod 40 may be coupled to the plunger 20 of the
cartridge 12 when the cartridge 12 is coupled to dispensing
gun 160. The dispensing gun 160 also includes a handle 168
and a trigger 170, which is movable with respect to the hous-
ing 152. The plunger rod 40 is movably coupled to the trigger
170. In use, a user of the apparatus 10 may actuate the trigger
170 by depressing the trigger 170 toward the handle 168,
which causes the rod 40 to move in an outward direction with
respect to the housing 162. Because the plunger rod 40 is
coupled to the plunger 20, the plunger rod 40 causes the
plunger 20 to be moved inwardly with respect to the cartridge
12 and thereby dispense an amount of bone cement located in
the inner cavity 16 of the cartridge 12 via the nozzle 18. Once
the cartridge 12 has been used to dispense the desired amount
of bone cement, the cartridge 12 may be removed from the
dispensing gun 160 and disposed of. When the dispensing
gun 160 is used again, a new cartridge 12 may be loaded in or
otherwise coupled to the dispensing gun 160 and used in the
manner discussed above to dispense a desired amount of bone
cement.

[0046] It should be appreciated that although the apparatus
10 has been described above as a manually operated device,
the apparatus 10 may be powered in some embodiments. In
such embodiments, the apparatus 10 may include an internal
power source such as an internal electrical power source (e.g.,
a battery) or may receive power from an external power
source such as via an Alternating Current (AC) outlet. Addi-
tionally or alternatively, the apparatus 10 may receive power
from an external mechanical power source such as a rotary
power source typically available in orthopaedic surgical oper-
ating rooms. Regardless, the power source is operably
coupled to the rod 40 via appropriate power transmission
devices such as motors, gears, linkages, cams, crank arms, or
the like. As such, a user may operate the apparatus 10 by
“activating” the thumb depress 158, the trigger 170, or the like
to cause an amount of bone cement to be ejected from the
cartridge 12. In response to the activation of the thumb
depress 158, trigger 170, or the like, the power source and
power transmission devices cooperate to cause the rod 40 to
be moved so as to eject the bone cement. The force required
by the user to eject the bone cement may be reduced because
of the cooperation of the power source and power transmis-
sion devices. In addition, the apparatus 10 may be configured
to dispense or eject a predetermined amount of bone cement
for each “activation” of the thumb depress 158, the trigger
170, or the like. Additionally or alternatively, the amount of
bone cement ejected from the cartridge 12 may be determined
based on, for example, the length of time which the thumb
depress 148, trigger 170, or the like is held in a depressed
position.

[0047] While the disclosure has been illustrated and
described in detail in the drawings and foregoing description,
such an illustration and description is to be considered as
exemplary and not restrictive in character, it being understood
that only illustrative embodiments have been shown and
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described and that all changes and modifications that come
within the spirit of the disclosure are desired to be protected.
[0048] There are a plurality of advantages of the present
disclosure arising from the various features of the apparatus
and method described herein. It will be noted that alternative
embodiments of the apparatus and method of the present
disclosure may not include all of the features described yet
still benefit from at least some of the advantages of such
features. Those of ordinary skill in the art may readily devise
their own implementations of the apparatus and method that
incorporate one or more of the features of the present inven-
tion and fall within the spirit and scope of the present disclo-
sure as defined by the appended claims.

1. A method for dispensing bone cement from a cartridge,
the method comprising:

inserting a plunger into the cartridge, the plunger having an

impedance sensor mounted to a first side thereof,
advancing the plunger toward a nozzle of the cartridge,
contacting bone cement within the cartridge with the
impedance sensor as the plunger is advanced toward the
nozzle,
receiving an output signal from the impedance sensor
while the impedance sensor is in contact with the bone
cement,

determining an impedance value of the bone cement based

on the output signal, and

generating a human-detectable signal based on the imped-

ance value.

2. The method of claim 1, wherein generating the human-
detectable signal comprises activating a first visual indicator
if the impedance value of the bone cement within the car-
tridge is below a predetermined threshold value.

3. The method of claim 2, further comprising activating a
second visual indicator if a predetermined amount of time has
elapsed since activation of the first indicator.

4. The method of claim 1, wherein generating the human-
detectable signal comprises generating a human-detectable
signal if the dough time of the bone cement within the car-
tridge has been reached.

5. The method of claim 1, wherein generating the human-
detectable signal comprises generating a human-detectable
signal if an end-of-work time of bone cement within the
cartridge has been reached.

6. The method of claim 1, wherein generating the human-
detectable signal comprises generating a human-detectable
signal if a setting time of the bone cement within the cartridge
has been reached.

7. The method of claim 1, further comprising inserting a
first end of the cartridge into a housing, wherein generating
the human-detectable signal based on the impedance value
includes activating an indicator located on the housing.

8. The method of claim 7, wherein activating the indicator
includes activating the indicator if the impedance value of the
bone cement is below a predetermined threshold value.

9. The method of claim 7, further comprising attaching a
rod to the plunger to electrically couple the impedance sensor
to a processing circuit secured to the housing.

10. A method for dispensing bone cement from a cartridge,
the method comprising:

inserting a plunger into the cartridge, the plunger having an

impedance sensor mounted to a first side thereof,
advancing the plunger toward a nozzle of the cartridge,
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contacting bone cement within the cartridge with the
impedance sensor as the plunger is advanced toward the
nozzle,

receiving an output signal from the impedance sensor
while the impedance sensor is in contact with the bone
cement,

determining an impedance value of the bone cement based
on the output signal, and

generating a human-detectable signal based on the imped-
ance value, wherein generating the human-detectable
signal includes:

(1) activating a first indicator when a dough time of the bone
cement within the cartridge has been reached,

(ii) activating a second indicator when a setting time of
bone cement within the cartridge has been reached, and

(iii) activating a third indicator when an end-of-work time
of' bone cement within the cartridge has been reached.

Jul. 4, 2013

11. The method of claim 10, further comprising inserting a
first end of the cartridge into a housing, wherein the first
indicator, the second indicator, and the third indicator are
located on the housing.

12. The method of claim 11, wherein inserting the plunger
into the cartridge includes inserting the plunger into the first
end of the cartridge before inserting the first end of the car-
tridge into the housing.

13. The method of claim 11, further comprising attaching a
rod to the plunger to electrically couple the impedance sensor
to a processing circuit secured to the housing, wherein the
processing circuit is configured to determine the impedance
value of the bone cement and activate the first indicator, the
second indicator, and the third indicator.

14. The method of claim 11, further comprising ejecting
bone cement through the nozzle of the cartridge, the nozzle
being formed at a second end of the cartridge positioned
opposite the first end of the cartridge.
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