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DELIVERY OF MULTICOMPONENT COMPOSITIONS

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Provisional Application.No. 60/802,827,

filed May 22, 2006, the entire contents of which are incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The invention relates to devices and kits for the controlled delivery of highly

viscous, multi-component compositions.

BACKGROUND OF THE INVENTION

[0003] The preparation of polymerizable multi-component compositions, such as those

used in orthopaedic and dental applications, is typically a two-step process. First, individual

components are thoroughly mixed, for example, by stirring or simultaneous expression through a

mixing device. After mixing, the resulting composition is loaded into a system for delivery of

the material to the desired location. These compositions include, for example, poly

(methyknethacrylate)-based compositions, as well as compositions of the type described in U.S.

Patent Nos. 5,681,872 and 5,914,356, assigned to the assignee of the present application and

incorporated herein by reference in their entireties.

[0004] For some polymerizable compositions, the individual components are viscous

pastes. Upon mixing, the viscosity of the resulting composition increases as the material

polymerizes and sets. Working time - the amount of time before the composition becomes too

viscous or rigid to be manipulated - is generally about five to eight minutes, depending on the



composition. As such, the user must work expeditiously to quickly mix the components, load the

composition into the delivery system, and deliver the composition to the situs, before the

working time expires. Moreover, and especially in procedures where the composition is

delivered within intraosseous spaces, the delivery of the composition must be extensively

supervised; if the composition leaks out of the situs, numerous complications, including death,

can result. Some of the working time is thus sacrificed to order to ensure the safe delivery of the

compositions. Methods, devices, and kits have been developed to facilitate the mixing of the

individual components, e.g., U.S. Patent Nos. 6,375,659, 6,800,245, and 6,613,018, all assigned

to the assignee of the present application and incorporated herein by reference, in their entireties.

[0005] In addition, the highly viscous quality of these materials complicates delivery as

high pressures are required to express the materials from delivery devices currently used. Current

delivery devices use syringe-type devices requiring manual exertion against a plunger-type

device. Manual exertion makes it difficult for the user to express controlled volumes of the

compositions. Moreover, as the delivery is monitored, the user may desire to stop the expression

of the composition and observe whether any seepage or leaking of the material has occurred.

The highly viscous quality of the materials hinders the ability to timely stop and resume delivery.

[0006] Currently, precious minutes of working time are consumed by the mixing of the

components and loading of the composition into a delivery device. Thus, there is a need for

devices that minimize the time between the mixing of the components and the delivery of the

compositions to the situs. Additionally, there remains a need to deliver these highly viscous

compositions with greater control.

SUMMARY OF THE INVENTION

[0007] The present invention relates to devices for the delivery of multi-component

composite materials comprising a barrel having a first and second chamber for holding the

components, the chambers being aligned along a longitudinal axis of the barrel; a plunger

comprising first and second distal legs adapted for slidable entry into the chambers of the barrel

and having a proximal end of the plunger comprising external threads; and a plunger actuation

member having internal threads for cooperation with the external threads of the plunger such that

rotation of the plunger actuation member slidably displaces the plunger legs into the barrel

chambers. In some embodiments, rotation of the plunger actuation member advances the

plunger legs into the barrel chambers.

[0008] The present invention also relates to kits for the delivery of multi-component

composite materials comprising a barrel having a first and second chamber for holding the

components, the chambers being aligned along a longitudinal axis of the barrel; a plunger



comprising first and second distal legs adapted for slidable entry into the chambers of the barrel

and having a proximal end of the plunger comprising external threads; and, a plunger actuation

member having internal threads for cooperation with the external threads of the plunger such that

rotation of the plunger actuation member slidably displaces the plunger legs into the barrel

chambers. In some embodiments, rotation of the plunger actuation member advances the

plunger legs into the barrel chambers.

[0009] The invention also relates to kits for the delivery of multi-component composite

materials comprising a barrel having a first and second chamber for holding a first and second

component, the chambers being aligned along a longitudinal axis of the barrel; a plunger

comprising first and second distal legs adapted for slidable entry into the chambers of the barrel

and having a proximal end of the plunger comprising external threads; and a plunger actuation

member having internal threads for cooperation with the external threads of the plunger such that

rotation of the plunger actuation member slidably displaces the plunger legs into the barrel

chambers and displaces the first and second components into a mixing member to mix the two

components to form a composite material. In some embodiments, rotation of the plunger

actuation member advances the plunger legs into the barrel chambers and displaces the first and

second components into a mixing member to mix the two components to form a composite

material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 depicts one embodiment of the device of the present invention.

[001 1] FIG. IA depicts one embodiment of a plunger actuation member and one

embodiment of a barrel of the present invention.

[0012] FIG. 2 depicts a longitudinal cross-section of one embodiment of a device of the

present invention.

[0013] FIG. 3 depicts a longitudinal cross-section of another embodiment of a device of

the present invention.

[0014] FIG. 4 depicts an embodiment of a device of the present invention comprising

detents.

[0015] FIG. 5 depicts a downward view of one embodiment of the present invention.

[0016] FIG. 6 depicts an enlarged view of detents of the present invention.

[0017] FIG. 7A depicts an embodiment of a kit of the present invention comprising a

barrel, a plunger, and a plunger actuation member.

[0018] FIG. 7B depicts an assembled device of the present invention.

[0019] FIG. 8 depicts an embodiment of a device of the present invention.



DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0020] The devices and kits of the present invention facilitate the delivery of

polymerizable multi-component compositions by obviating the step of transferring the mixed

composition to a second delivery device. Moreover, the screw- or cam-type mechanism of the

devices and kits of the present invention provide a mechanical advantage over conventional

syringe-type devices in that the force exerted by the user translates into a higher delivery force,

thereby allowing viscous materials to be delivered with less exerted force. One of skill in the art

would be able to determine the torque required to maximize delivery force while minimizing

exerted force. This allows for more controlled delivery of highly viscous materials.

[0021] Turning to the figures, one embodiment of the present invention is depicted in

FIGS. 1-8 . As depicted in FIGS. 1-3, devices of the present invention such as 1, comprise a

barrel 10 having a first (14) and second (16) chamber for holding the individual components of a

polymerizable multi-component composition (not shown). In some embodiments, the barrel can

comprise a single chamber, or can comprise at least two chambers for accommodating two or

more substances to be expressed from the device. For example, the barrel can comprise three

chambers, two chambers for separately accommodating two components of a polymerizable

multi-component composition, and a third chamber for accommodating another useful agent,

such as an antibiotic. The present invention does not contemplate any limitations on the possible

number of chambers within the barrel or on the types of substances that can be accommodated by

such chambers. When a barrel is said to contain a first and a second chamber, such expression is

not intended to limit the number of possible chambers to two. In addition, where two or more

chambers are present, the respective chambers may be similarly or differently volumetrically

sized. Thus, for example, given a device having a barrel that includes three chambers, two

chambers may have the same volumetric capacity, and the third chamber may be differently

volumetrically sized. The barrel also has a distal end 11. The chambers are aligned along the

longitudinal axis of the barrel. The lengths and diameters of the chambers may be determined by

one of skill in the art, depending on the identity of the components and the resulting multi-

component polymerizable composition. In some embodiments, the chambers are of substantially

identical length and diameter. In other embodiments, the chambers may have non-identical

lengths and/or diameters. The distal ends of the chambers (20, 22) further comprise ports (26,

28) extending through the wall 12 of the barrel such that the individual components maybe

expressed through the ports.

[0022] The devices of the present invention further comprise a plunger 44 having first

(48) and second (49) distal legs that are adapted for slidable entry into the chambers of the barrel.



The lengths and diameters of the legs will depend on the length and diameter of the chambers.

The number of legs will depend on the number of chambers. Ideally, there will be one leg per

chamber, and such leg will be appropriately sized in terms of length and diameter to "match" a

corresponding chamber. In some embodiments, the lengths and diameters of the plungers may

be substantially identical. In others, the legs may have non-identical lengths and/or diameters. It

is envisioned that the legs would enter at the proximal ends of the chambers (13, 15) for

advancement along the longitudinal axes of the chambers. In addition, the proximal end of the

plunger 46 can comprise external threads 42.

[0023] In some embodiments, the plunger 44 is housed within a plunger actuation

member 50. The plunger actuation member can have internal threads 54 along its longitudinal

axis.

10024] The plunger actuation member and the plunger need not be equipped with full

"threads" per se, and may include any feature that permits mechanical cooperation between the

plunger actuation member and the proximal end of the plunger such that rotation of the plunger

actuation member advances the plunger legs into the barrel chamber. Accordingly, as used

herein, the term "threads" refers to any feature that permits the described mechanical

cooperation. For example, the threads may comprise a cam-type arrangement.

[0025] In some embodiments, the plunger actuation member further comprises a

gripping feature 62. The gripping feature provides a surface with which the user may

comfortably rotate the plunger actuation member with torque sufficient to express the individual

components, as well as the composite of the multi-component polymerizable composition,

during mixing and after mixing. In some embodiments, the plunger actuation member may

further comprise a handle 60. The handle provides a surface with which the user may

comfortably rotate the plunger actuation member with torque sufficient to express the individual

components, as well as the composite of the multi-component polymerizable composition,

during mixing and after mixing. In some versions of the present invention, the handle may have

a generally "T"-shaped configuration.

[0026] In some embodiments of the present invention, the proximal end 75 of the barrel

10 comprises a means for attaching the barrel to the plunger actuation member. For example,

attachment means may comprise a tongue and groove-type assembly wherein the proximal end

of the barrel may comprise tongues 76 that can align with corresponding grooves (not shown)

located at the distal end 55 of the plunger actuation member.

[0027] The internal threads 54 of the plunger actuation member are designed such that

they act in cooperation with the external threads 42 of the proximal end of the plunger so that



rotation of the plunger actuation member results in the movement of the plunger along the

longitudinal axes of the chambers in an assembled device of the present invention. As used

herein, rotation refers to the turning of either the plunger actuation member or the barrel over a

predetermined arc. The internal threads 54 act in cooperation with the external threads 42 of the

plunger so that rotation of the plunger actuation member 50 results in the movement of the

plunger 44 and distal legs 48 and 49 along the longitudinal axes of the chambers (14, 16). In

preferred embodiments, the internal threads engage the external threads of the plunger to

advance the distal legs in the barrel chambers. In some embodiments, the internal and external

threads are dispersed and aligned such that rotation of the plunger actuation member results in

movement of the plunger and the distal legs of the plunger a pre-determined distance along the

longitudinal axes. This movement along the pre-determined distance displaces a pre-determined

volume of a material from within the chambers. In preferred embodiments, the material is a

component of a multi-component polymerizable composition. In one embodiment, one rotation

may result in about a 0.5 cc displacement of the material. Ih other embodiments, one rotation

may result in about a 0.1 cc displacement of the material. One of skill in the art would be able to

determine the placement of the threads necessary to result in a predetermined material volume

displacement.

[0028] In some preferred embodiments, when the plunger actuation member is rotated,

it moves in the radial direction but is substantially stationary in the longitudinal direction. In

other embodiments, when the plunger actuation member is rotated, it moves in the radial

direction and the longitudinal direction.

[0029] In certain embodiments, the devices of the present invention further comprise

detents such that rotation results in an auditory and/or tactile signal to the user. The detents

correspond to a specific angular rotation of the actuation member, which is calibrated to a certain

volume of material displacement as presented above. The auditory and/or tactile signal therefore

communicates to the user that a specific volume of material has been expressed. For example, as

shown in FIGS. 5-6, in some embodiments, the distal end of the plunger actuation member (55)

comprises at least one detent 82. Preferably, the plunger actuation member comprises more than

one detent 82. More preferably, the plunger actuation member comprises at least four detents 82.

In some embodiments, the proximal end of the barrel (75) further comprises at least one detent

84. Preferably, the barrel comprises one detent. As the user rotates the plunger actuation

member, the detents 82 of the plunger actuation member contact the detent 84 of the barrel. The

contact of the detents is depicted in FIG. 6 and as 86 in FIG. 5. As detent 82 passes detent 84,

the user hears the contact of the two detents as an auditory signal that the detents have contacted.



In some embodiments, the user feels the contact of the detents as a tactile signal that the detents

have contacted.

[0030] In some embodiments of the present invention, the device further comprises a

mixing element 30 for blending the components substantially homogeneously (see FIG. 8). Such

mixing elements are available from MixPac Systems AG, Switzerland. Alternatively, other

available mixing elements or delivery tips may be used. The distal end of the barrel 11 may

further comprise a means for receiving the mixing element.

[0031] In another embodiment of the present invention, the device further comprises at

least one catheter (see FIG. 8). In some applications, it may be desirable that the catheter is

substantially rigid (38). In others, it may be desirable that the catheter is substantially flexible

(34). In yet others, it may be desirable that the catheter comprise regions that are substantially

rigid, in addition to other regions that are substantially flexible. Li still others, the catheter is

substantially malleable. In those embodiments wherein the device comprises two or more

catheters, the catheters maybe connected using an adapter such as that depicted as 36.

[0032] In certain embodiments of the present invention, the chambers may be pre

loaded with the components for the multi-component polymerizable composition. Such methods

of filling the chambers with the components of a multi-component polymerizable composition

are known in the art. Alternatively, the chambers may be adapted for accommodating cartridges

that are loaded with the components for the multi-component polymerizable composition or with

other useful agents. The barrel of the present invention may be structured to permit the insertion

of a single cartridge having separate compartments that respectively contain components for the

multi-component polymerizable composition or other useful agents, or the chambers may

individually accept cartridges that are respectively loaded with a single component for the multi-

component polymerizable composition, or with another useful agent. In some embodiments,

pistons 72 and 74 (FIGS. 2 and 3) may be placed within the chambers to aid in the filling process

and in the advancement of the components through the chambers. As the chambers are filled

from the distal ends 20 and 22, the pistons advance to the proximal ends of the chambers (13,

15).

[0033] The user attaches the plunger actuation member, in which the plunger is housed,

to the barrel using the attachment means. In some embodiments, the distal legs of the plunger

further comprise means for attaching (66, 61; FIG. 3) such that upon assembly, the pistons will

attach to the distal legs. In such embodiments, the pistons form a substantially airtight seal with

the walls of the chamber, such that material backfiow is substantially prevented. The pistons



also aid in the advancement of the components through the chambers and aid in the clearing of

the components from the walls of the chambers.

[0034] Ih certain embodiments, a mixing element is attached to the distal end of the

barrel. In other embodiments, a catheter is attached to the mixing element. In others, the

catheter is in series with the mixing element. The separate elements of the device are comprised

of materials that are non-compliant and that can withstand the high pressures necessary to

express highly viscous components and compositions. Bone cements are typically viscous,

viscosity being the measure of the internal friction of the material. The greater the internal

friction, the great the amount of force, or "shear," required to cause the movement of the

material. When force is applied to cause movement of a viscous material contained within a

closed space, internal pressures within the space result. Devices of the present invention

withstand pressures of up to about 1000 psi. Ih other embodiments, the devices of the present

invention withstand pressures of up to about 500-2000 psi.

[0035] In some embodiments, devices of the present invention may be provided as kits

wherein the barrel, plunger actuation member, and plunger are provided unassembled. Such kits

may further comprise mixing elements and catheters. Instructions for assembly and use of the

devices may also be included.

[0036] The devices of the present invention may be used whenever a multi-component

polymerizable composition is to be delivered to a situs. In some embodiments, the devices of the

present invention may be used to deliver a multi-component polymerizable composition to an

intraosseous situs. During the procedure, the situs may be prepared to receive the composition

and the catheter 38 placed within the situs. To deliver a multi-component polymerizable

composition using a device of the present invention, the device is assembled and the user rotates

the plunger actuation member 50. In certain embodiments, the rotation is facilitated using the

handle 60 and/or the gripping feature 62. Because the components are generally highly viscous,

the ability to provide a rotating action, rather than a pushing action, facilitates the controlled

actuation of plunger 44. As the plunger actuation member is rotated, the internal threads 54

cooperate with the external threads 42 to advance the distal legs 48 and 49 along the longitudinal

axes of the chambers 14 and 16 that contain the components of the multi-component

polymerizable composition. As the plunger actuation member is rotated and the distal legs

advance into the chambers, the components will be expressed through the chambers and through

ports 26 and 28. In certain embodiments, pistons 72 and 74 form a substantially airtight seal

with the walls of the chamber, such that material backflow is substantially prevented. The



pistons also aid in the advancement of the components through the chambers and aid in the

clearing of the components from the walls of the chambers.

[0037] As the components are expressed through the ports, they advance into the

mixing element 30, wherein the components are mixed substantially homogenously. Continued

rotation of the plunger actuation member, continued advancement of the distal legs, and

continued expression of the components from the chambers provides the force required to

express the components through the device of the present invention. In a preferred embodiment

of the present invention, the combined volume of the chambers, and hence the combined volume

of the components, is greater than the combined volume of the mixing element, catheter, and

situs.

[0038] Further rotation of the plunger actuation member causes the multi-component

polymerizable composition to advance through the mixing element. In some embodiments, an

indicator 80 is within the barrel 10 such that the advancement of the distal legs through the

chambers may be monitored. In some embodiments, continued rotation advances the

compositions into and through a catheter. In some embodiments, as the plunger actuation

member is rotated, the detents 82 and 84 contact to produce an auditory and/or tactile signal to

the user that a rotation has occurred. In those embodiments wherein the threads have been

placed such that a rotation corresponds to a predetermined volume displacement, the auditory

and/or tactile signal alerts the user that the predetermined volume has been displaced.

[0039] Continued rotation advances the composition through the catheter into the situs.

Where the multi-component polymerizable composition comprises radiopaque materials, the

advancement of the composition into the situs may be monitored using fluoroscopy. In some

embodiments, it may be desirable that a flexible catheter 34 be employed. A flexible catheter

allows the user freedom of movement and may allow the user to deliver the composition without

his or her hands or arms entering the radiation field.

[0040] Retraction of the plungers by reverse rotation of the plunger actuation member

releases the pressure on the material. This rotation feature of the present invention permits the

user to stop the advancement of the components and composition to monitor the volume of the

composition delivered within the situs. The user can also stop the advancement of the

components and composition to monitor whether seepage or leaking has occurred. The user may

then resume advancement through rotation of the plunger actuation member. Rotation of the

plunger actuation member is facilitated by the mechanical advantage presented by the screw-type

mechanism of the internal and external threads, in comparison with the push-type mechanism of

a conventional syringe-type device.



[0041] Thus, there have been described presently preferred embodiments of devices

and kits for the delivery of multi-component polymerizabϊe compositions. While the present

invention has been particularly shown and described with reference to the presently preferred

embodiments thereof, it is understood that the invention is not limited to the embodiments

specifically disclosed herein. Numerous changes and modifications may be made to the

preferred embodiments of the invention, and such changes and modifications maybe made

without departing from the spirit of the invention. It is therefore intended that the appended

claims cover all such equivalent variations as they fall within the true spirit and scope of the

invention.



What is Claimed:

1. A device for the delivery of multi-component composite materials comprising:

a barrel having a first and second chamber for holding the components, the

chambers being aligned along a longitudinal axis of the barrel;

a plunger comprising first and second distal legs adapted for slidable entry into

the chambers of the barrel and having a proximal end of the plunger comprising external

threads; and,

a plunger actuation member having internal threads for cooperation with the

external threads of the plunger such that rotation of the plunger actuation member

advances the plunger legs into the barrel chambers.

2. The device of claim 1 further comprising a mixing element for blending the components

substantially homogeneously after the components are expressed from the chambers.

3. The device of claim 1 further comprising a catheter.

4. The device of claim 3 wherein the catheter is in series with a mixing element.

5. The device of claim 3 wherein the catheter comprises substantially rigid material.

6. The device of claim 3 wherein the catheter comprises substantially flexible material.

7. The device of claim 3 wherein the catheter comprises substantially malleable material.

8. The device of claim 1 wherein the rotation over a predetermined arc results in the

displacement of the plunger legs a predetermined distance along the longitudinal axes of the

chambers.

9. The device of claim 1 wherein rotation results in an auditory signal.



10. The device of claim 1 wherein rotation results in a tactile signal.

11. The device of claim 1wherein the rotation results in a visual signal.

12. The device of claim 1 wherein the combined volume of the chambers is greater than the

combined volume of the mixing member and the catheter.

13. The device of claim 1 further comprising an indicator for assessing the contents of the

chambers.

14. The device of claim 13 wherein the indicator further comprises gradations.

15. The device of claim 1 further comprising a means for visualizing the interior of the

chambers.

16. The device of claim 1 wherein the plunger actuation member further comprises a handle.

17. The device of claim 1 wherein the distal legs further comprise distal ends adapted for

receiving pistons.

18. A kit for the delivery of multi-component composite materials comprising:

a barrel having a first and second chamber for holding the components, the chambers

being aligned along a longitudinal axis of the barrel;

a plunger comprising first and second distal legs adapted for slidable entry into the

chambers of the barrel and having a proximal end of the plunger comprising external threads;

and,

a plunger actuation member having internal threads for cooperation with the external

threads of the plunger such that rotation of the plunger actuation member advances the plunger

legs into the barrel chambers.

19. A kit for the delivery of multi-component composite materials comprising:



a barrel having a first and second chamber for holding a first and second component, the

chambers being aligned along a longitudinal axis of the barrel;

a plunger comprising first and second distal legs adapted for slidable entry into the

chambers of the barrel and having a proximal end of the plunger comprising external threads;

and,

a plunger actuation member having internal threads for cooperation with the external

threads of the plunger such that rotation of the plunger actuation member advances the plunger

legs into the barrel chambers and displaces the first and second components into a mixing

member to mix the two components to form a composite material.
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