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VERTEBROPLASTY BONE CEMENT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 09/784,383, ?led Feb. 15, 2001, 
and claims the bene?t of such applications under 35 USC 
120. 

BACKGROUND OF THE INVENTION 

[0002] In vertebroplasty, the surgeon seeks to treat a 
compression fracture of a vertebra by inj ecting bone cement 
such as PMMA into the fracture. In one clinical report, 
Jensen et al.,AJNR: 18 Nov. 1997, Jensen describes mixing 
tWo PMMA precursor components (one poWder and one 
liquid) in a dish to produce a viscous bone cement; ?lling 10 
ml syringes With this cement, injecting it into smaller 1 ml 
syringes, and ?nally delivering the mixture into the desired 
area of the vertebral body through needles attached to the 
smaller syringes. 

[0003] Although this procedure has found success, it has 
also met With some problems. For example, Jensen reports 
that the open-air mixing of the precursor materials produces 
problematic fumes. Also, When the plastic plunger in a 1 mm 
syringe is pressed against the viscous cement in the syringe 
barrel, the appreciable resistance of the cement to this 
pressure may cause the relatively thin plunger rod to col 
lapse. To minimiZe this danger, only about half of the 
syringe barrel is typically ?lled With cement. Although this 
precaution enhances the feasibility of the procedure, it 
requires loading tWice as many syringes, thereby increasing 
the total time of the procedure. 

[0004] In addition, the pressures Which can be generated 
by manual operation of 1 ml syringes are fairly loW. Refer 
ring noW to FIG. 7, the pressure generated in a ?uid Within 
a conventional syringe S is governed by the equation P=F/A, 
Wherein: 

[0005] P=the pressure at the cement delivery opening 
a 

[0006] A=the cross-sectional area of the disc D, and 

[0007] F=the force applied to the handle H in a 
direction normal to disc D. 

[0008] Since about 10-15 pounds of force (~44-66 N) is 
typically generated by manually pressing handle H, and the 
disc area A of a typical 1 ml syringe is about 0.025 in2 
(~16.129 mm2), the pressure P available for injecting the 
bone cement is only about 400-600 psi (~2.75-4.13 MPa). In 
vertebroplasty performed With these methods, a pressure of 
at least about 1000 psi (~6.9 MPa) is desirable, With a 
pressure of about 2000 psi (~13.78 MPa) being more pref 
erable. 

[0009] WO 99/49819 (“Preismann”) recogniZed the prob 
lem of loW delivery pressures in conventional syringes and 
suggested using a screW-type plunger in a single injection 
chamber. Although Preismann’s screW-type plunger pro 
vides more pressure per unit force than the conventional 
plunger of FIG. 7, it nonetheless requires a cross-sectional 
area A of about 0.5 in.2 (322 mm2) in order to deliver 2000 
psi (~13.78 MPa), and so a chamber capable of delivering 20 
cc of bone cement Would need to be about 6.22 inches (158 
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mm) in length. Since this device Would likeWise require a 
screW-type plunger of equal length, the total length of the 
device With the plunger extend Would be at least about 12.44 
inches (63.5 mm), Which is fairly long for a surgical setting. 
One apparent commercial embodiment of Preismann uses an 
injection chamber having a length of about 2.5 inches and 
holds only about 8 cc of bone cement. In addition, Preis 
mann only discloses a delivery system. The user must still 
mix the tWo bone cement precursors outside the delivery 
system, and then transfer the mixed cement to the delivery 
system. 

[0010] US. Pat. No. 5,252,301(“Nilson”) discloses a bone 
cement delivery apparatus Wherein the tWo bone cement 
precursors are mixed Within the injection chamber, thereby 
solving the fume and transfer problem. HoWever, Nilson 
discloses a conventional delivery system having a conven 
tional plunger in a single chamber for delivering the bone 
cement, and so does not provide high pressure delivery. 

[0011] There are a number of gun-type injectors Which 
seek to use the mechanical advantage of a lever to deliver 
high pressure ?uids from a chamber into the patient. See, for 
example, US. Pat. No. 4,338,925. HoWever, in order to 
provide pressures of about 2000 psi via a conventional 11.4 
cm2 (1.77 inches2) disc in a conventional single chamber 
device used in orthopaedic applications, the mechanical 
advantage Would have to be very high. 

[0012] US. Pat. No. 5,190,191 (“Reyman”) discloses a 
dual chamber delivery device intended to deliver contracep 
tive ?uid, Wherein the ?uid is ?rst transferred from a large 
reservoir into a smaller delivery chamber and then delivered 
from the delivery chamber by means of a conventional 
syringe-type plunger. As ?uid is delivered via pressure 
developed by a conventional plunger, this device suffers 
from the same loW pressure deliveries experienced by 
syringes using conventional plungers. In addition, the ratio 
of the cross-sectional area of the reservoir-disc to the injec 
tion-chamber disc appears to be less than about 8:1. As 
Reyman addressed the problem of delivering knoWn, dis 
crete quantities of ?uid and Was not concerned With provid 
ing high pressure ?uids, the loW pressure delivery charac 
teristics of the Reyman device Was not a particular concern 
to Reyman. In addition, Reyman’s preferred embodiment 
uses a one-Way valve betWeen the reservoir and dispensing 
chamber (to prevent back How to the reservoir during 
delivery) and a cap upon the opening in the dispensing 
chamber (to prevent loss of the ?uid during inter-chamber 
transfer). These features make this device very complicated 
to operate. Lastly, Reyman does not disclose an injection 
chamber having a sterile inner surface. 

[0013] There are a number of pneumatic injection devices 
disclosed in the literature as Well. HoWever, these devices 
often provide inadequate control of the delivery of the bone 
cement, and may pose safety concerns in applications such 
as vertebroplasty Wherein control of the injected material is 
of paramount importance. 

[0014] US. Pat. No. 6,033,105 (“Barker”) discloses an 
integrated bone cement mixing and delivery system. HoW 
ever, Barker teaches using an auger mechanism as the means 
for advancing the bone cement through the delivery cham 
ber. Barker teaches that the auger mechanism is advanta 
geous because it provides both controlled delivery and high 
pressure. Barker further discloses many alternative embodi 
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ments of the device, wherein the pitch, direction and diam 
eter of the augur threads are varied in order to maximize 
control, enhance delivery pressure and eliminate air bubbles 
in the bone cement. 

[0015] The English language abstract of JP 10146559 
discloses a device for injecting viscous ?uids in discrete 
quantities Which requires a reciprocating holding member 
(3). The English language abstract of JP 10146559 does not 
disclose an injection chamber having a sterile inner surface, 
nor does ?uid communication ever exist betWeen the reser 
voir and injection chamber exit openings. 

[0016] US. Pat. No. 5,931,347 (“Haubrich”) discloses a 
device for injecting viscous ?uids in Which the injection 
chamber has an axially movable piston Which a) When 
moved from the entry opening of the injection chamber 
toWards the chamber’s exit opening, creates a vacuum in the 
chamber in order to draW ?uid from reservoir into the 
chamber, and b) When moved in the opposite direction, has 
a through hole to alloW the ?uid to move through it to reach 
the exit opening of the injection chamber. Haubrich does not 
disclose an impermeable piston in the injection chamber. 

SUMMARY OF THE PRESENT INVENTION 

[0017] The present inventors have found that providing a 
dual chamber, mixing-and-delivery device in Which the 
delivery chamber houses an axially movable piston provides 
a number of advantages over the prior art Barker device. 

[0018] First, the position of the axially movable piston can 
be manipulated during operation to pass over and occlude 
the entry port of the injection chamber during a stroke. The 
ability to occlude the entry port alloWs the user to selectively 
stop ?uid communication betWeen the injection chamber’s 
exit opening and the reservoir, thereby isolating the bone 
cement (or other injectable material) present in the injection 
chamber. The isolated bone cement may then be advanta 
geously injected into the patient in small discrete quantities 
(such as 0.5-1 cc per stroke). This capability provides the 
surgeon With highly speci?c control of the quantity of 
injected cement, a quality not found in other high pressure 
vertebroplasty injection devices. 

[0019] Second, the axially movable piston can be made to 
sealingly ?t Within a small (e.g., 1 cc) tubular injection 
chamber so as to force the discrete quantity of bone cement 
in the injection chamber in a predetermined direction under 
high pressure. Accordingly, a mixing-and-delivery device 
having both high-pressure delivery capability and a compact 
siZe is noW possible. 

[0020] Lastly, the axially movable piston may be attached 
to a lever to increase the mechanical advantage of the force 
used to axially move the piston, thereby further increasing 
the pressure Within the injection chamber. 

[0021] For these reasons, the device of the present inven 
tion can deliver discrete quantities of bone cement at pres 
sures suitable for vertebroplasty (preferably, at least 1000 psi 
(~6.89 MPa), more preferably, at least 2000 psi (~13.8 
MPa)) While maintaining overall device dimensions Which 
are desirable for vertebroplastic surgeries. Accordingly, the 
device of the present invention provides signi?cant technical 
advances over the conventional mixing/injection devices 
used in the bone cement procedures. 
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[0022] Therefore, in accordance With a ?rst embodiment 
of the present invention, there is provided an injection 
device for injecting bone cement, comprising: 

[0023] 
[0024] b) an injection chamber having: 

[0025] 

a) a reservoir having an exit opening, 

i) ?rst and second end portions, and 

[0026] ii) a sterile inner surface forming an entry 
opening in the ?rst end portion and an exit opening 
in the second end portion, 

[0027] the exit opening of the reservoir and the entry 
opening of the sterile inner surface of the injection chamber 
being in ?uid communication therebetWeen, and 

[0028] c) an impermeable ?rst piston disposed Within 
the inner surface of the injection chamber. 

[0029] In accordance With a second embodiment of the 
present invention, there is provided a device for injecting 
bone cement, comprising: 

[0030] a) a reservoir having an exit opening and an 
inner surface, 

[0031] b) an injection chamber having: 

[0032] i) ?rst and second end portions, and 

[0033] ii) a sterile inner surface forming an entry 
opening in the ?rst end portion and an exit opening 
in the second end portion, 

[0034] the exit opening of the reservoir and the entry 
opening of the sterile inner surface of the injection chamber 
being in ?uid communication therebetWeen, and Wherein the 
reservoir inner surface and the injection chamber inner 
surface de?ne a volume ratio of at least 10:1. 

[0035] In accordance With a third embodiment of the 
present invention, there is provided a device for injecting 
bone cement, comprising: 

[0036] a) a reservoir having an exit opening, 

[0037] b) an injection chamber having: 

[0038] i) ?rst and second end portions, and 

[0039] ii) a sterile inner surface forming an entry 
opening in the ?rst end portion and an exit opening 
in the second end portion, 

[0040] the exit opening of the reservoir and the entry 
opening of the sterile inner surface of the injection chamber 
being in ?uid communication therebetWeen, and Wherein the 
injection chamber inner surface de?nes a volume of betWeen 
0.1 and 5 cc. 

[0041] In accordance With a fourth embodiment of the 
present invention, there is provided a device comprising: 

[0042] 
[0043] b) an injection chamber having: 

[0044] 

a) a reservoir having an exit opening, 

i) ?rst and second end portions and 

[0045] ii) a sterile inner surface forming an entry 
opening disposed at the ?rst end portion and an exit 
opening disposed at the second end portion, 
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[0046] the exit opening of the reservoir and the entry 
opening of the sterile inner surface of the injection chamber 
being in ?uid communication therebetWeen, and 

[0047] c) a radially movable miXing element housed 
Within the reservoir. 

[0048] In accordance With a ?fth embodiment of the 
present invention, there is provided a device comprising: 

[0049] a) a reservoir having an eXit opening, 

[0050] b) an injection chamber having: 

[0051] 

[0052] ii) a sterile inner surface forming an entry 
opening disposed at the ?rst end portion and an eXit 
opening disposed at the second end portion, 

i) ?rst and second end portions and 

[0053] the eXit opening of the reservoir and the entry 
opening of the sterile inner surface of the injection chamber 
being in ?uid communication therebetWeen, and 

[0054] c) means for preventing back How from the eXit 
opening of the injection chamber. 

[0055] In accordance With a siXth embodiment of the 
present invention, there is provided a device for injecting 
bone cement, comprising: 

[0056] a) a reservoir having an eXit opening, 

[0057] b) an injection chamber having: 

[0058] 

[0059] ii) a sterile inner surface forming an entry 
opening disposed at the ?rst end portion and an eXit 
opening disposed at the second end portion, 

i) ?rst and second end portions and 

[0060] the eXit opening of the reservoir and the entry 
opening of the sterile inner surface of the injection chamber 
being in ?uid communication therebetWeen, and 

[0061] c) means for manually ejecting bone cement in 
discrete quantities from the injection chamber under a 
pressure of at least 1000 psi (6.89 MPa). 

[0062] In accordance With a seventh embodiment of the 
present invention, there is provided a device for injecting 
bone cement comprising: 

[0063] a) a reservoir having ?rst end portion forming an 
eXit opening and a second end portion, 

[0064] b) an injection chamber having: 

[0065] 
[0066] ii) a sterile inner surface forming an entry 

opening disposed at the ?rst end portion and an eXit 
opening disposed at the second end portion, 

i) ?rst and second end portions and 

[0067] the eXit opening of the reservoir and the entry 
opening of the sterile inner surface of the injection chamber 
being in ?uid communication therebetWeen, and 

[0068] c) means for applying continuous pressure upon 
bone cement located in the reservoir. 
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[0069] In accordance With a eighth embodiment of the 
present invention, there is provided an injection device for 
injecting bone cement, comprising: 

[0070] a) a reservoir having an eXit opening, 

[0071] b) an injection chamber having: 

[0072] i) ?rst and second end portions, and 

[0073] ii) a sterile inner surface forming an entry 
opening disposed at the ?rst end portion and an eXit 
opening disposed at the second end portion, 

[0074] the eXit opening of the reservoir and the entry 
opening of the sterile inner surface of the injection chamber 
being in ?uid communication therebetWeen, 

[0075] c) mechanical advantage means for pressuriZing 
the injection chamber. 

[0076] In accordance With a ninth embodiment of the 
present invention, there is provided an injection device for 
injecting bone cement, comprising: 

[0077] a) a reservoir having an eXit opening, 

[0078] b) an injection chamber having: 

[0079] i) ?rst and second end portions, and 

[0080] ii) a sterile inner surface forming an entry 
opening disposed at the ?rst end portion and an eXit 
opening disposed at the second end portion, 

[0081] the eXit opening of the reservoir and the entry 
opening of the sterile inner surface of the injection chamber 
being in ?uid communication therebetWeen, 

[0082] c) a shaft having a ?rst end portion and a second 
end portion, 

[0083] Wherein the second end portion of the inner surface 
has a third opening and the second end portion of the shaft 
is slidably received in the third opening. 

[0084] d) a lever having ?rst and second end portions, 
the ?rst end of the lever being connected to the device, 
the second end of the lever positioned to bear upon the 
second end portion of the shaft, Wherein at least one 
end portion of the lever is pivotally connected. 

[0085] In accordance With a tenth embodiment of the 
present invention, there is provided an injection device for 
injecting bone cement, comprising: 

[0086] a) a reservoir having an eXit opening, 

[0087] b) an injection chamber having: 

[0088] i) ?rst and second end portions, and 

[0089] ii) a sterile inner surface forming an entry 
opening disposed at the ?rst end portion and an eXit 
opening disposed at the second end portion, 

[0090] the eXit opening of the reservoir and the entry 
opening of the sterile inner surface of the injection chamber 
being in ?uid communication therebetWeen, 

[0091] c) means for creating a vacuum in the injection 
chamber betWeen the entry and eXit openings. 
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[0092] In accordance With a eleventh embodiment of the 
present invention, there is provided a device comprising: 

[0093] 
[0094] b) an injection chamber having: 

[0095] 
[0096] ii) a sterile inner surface forming an entry 

opening disposed at the ?rst end portion and an eXit 
opening disposed at the second end portion, 

a) a reservoir having an eXit opening, 

i) ?rst and second end portions and 

[0097] the eXit opening of the reservoir and the entry 
opening of the sterile inner surface of the injection chamber 
being in ?uid communication therebetWeen, and 

[0098] c) an O-ring contacting the inner surface of the 
injection chamber. 

[0099] In accordance With a tWelfth embodiment of the 
present invention, there is provided an injection device for 
injecting bone cement, comprising: 

[0100] 
[0101] b) an injection chamber having i) a sterile inner 

surface forming entry and eXit openings, and ii) ?rst 
and second ends de?ning a ?rst aXis, the eXit opening 
of the reservoir and the entry opening of the sterile 
inner surface of the injection chamber being in ?uid 
communication therebetWeen, 

[0102] c) a ?rst piston disposed Within the inner surface 
of the injection chamber and having a ?rst piston 
having an inner face facing the eXit opening of the 
injection chamber, 

a) a reservoir having an eXit opening, 

[0103] d) a second piston disposed Within the reservoir 
and having an inner face facing the eXit opening of the 
reservoir, and Wherein the inner faces of the ?rst and 
second piston de?ne respective ?rst and second cross 
sectional areas, and Wherein the ratio of the second 
cross-sectional area to the ?rst cross-sectional area is at 
least 9:1. 

DESCRIPTION OF THE FIGURES 

[0104] FIG. 1 presents a cross-sectional vieW of an 
embodiment of the device of the present invention. 

[0105] FIGS. 2a-c present cross-sectional vieWs of pre 
ferred injection chambers in devices of the present invention 
having a plunger. 

[0106] FIG. 3 presents a cross-sectional vieW of a pre 
ferred injection chamber in a device of the present invention 
having a screW. 

[0107] FIG. 4 presents a cross-sectional vieW of a reser 
voir of the present invention. 

[0108] FIG. 5 presents a cross-sectional vieW of an 
embodiment of the present invention having a miXing handle 
and a spring loading handle. 

[0109] FIGS. 6a-c present cross-sectional vieWs of pre 
ferred features Within the reservoir of the present invention. 

[0110] FIG. 7 presents a cross-sectional vieW of a con 
ventional syringe having a conventional plunger. 

[0111] FIGS. 8a-b present cross-sectional vieWs of pre 
ferred features Within the reservoir of the present invention. 
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[0112] FIGS. 9a-b present preferred embodiments of the 
present invention having a freely movable miXing element in 
the reservoir. 

[0113] FIGS. 9c-a' present aXial vieWs of respective 
unlocked and locked embodiments of the spring-loaded 
embodiments of the invention. 

[0114] FIG. 10 describes the concept of mechanical 
advantage provided by levers. 

[0115] FIGS. 11a-b disclose preferred embodiments of the 
device having a ?uid ?oW restrictor. 

[0116] FIG. 11c discloses an aXial vieW of a preferred ?oW 
restrictor. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0117] For the purposes of the present invention, “sterile” 
means a sterility assurance level of no more than 10_6. An 
“axially movable” piston includes the leading face of both a 
plunger and the leading face of a screW Which is threadably 
engaged With a correspondingly threaded tube. When one 
component “bears against” another component, it may do so 
indirectly. Likewise, When tWo components are “con 
nected”, they need not have direct physical contact. When 
tWo components “contact” each other, they directly touch 
each other. When tWo components “engage” or “attach to” 
each other, they ?t together. 

[0118] NoW referring to FIG. 1, there is provided a 
preferred embodiment of the present invention, Wherein the 
device 1 for miXing and injecting bone cement, comprises: 

[0119] a) a reservoir 3 having an eXit opening 5 and ?rst 
and second ends (7,9) de?ning a reservoir ads, 

[0120] b) a ?rst member 11 having a miXing shank 13 
extending therefrom, the shank being disposed Within 
the reservoir, 

[0121] c) an injection chamber 21 comprising i) a sterile 
tubular inner surface 23 forming entry and eXit open 
ings (25,27), the eXit opening 5 of the reservoir and the 
entry opening 25 of the sterile inner surface of the 
injection chamber being in ?uid communication ther 
ebetWeen, 

[0122] d) a plunger 31 slidably received in an opening 
22 in the tubular inner surface 23 of the chamber, the 
plunger comprising i) a piston 33 having an inner face 
35 and an outer face 36, and ii) a plunger rod 37 having 
?rst and second ends (38,39), the inner face 35 of the 
piston facing the eXit opening 27 of the injection 
chamber and being in sealing engagement With the 
inner surface 23 of the injection chamber, the outer face 
36 of the piston being attached to the ?rst end 38 of the 
second rod, and 

[0123] e) a lever 41 having ?rst and second ends 
(43,45), the ?rst end 43 of the lever being pivotally 
attached to the device 1, the second end 45 of the lever 
being attached to the second end 39 of the plunger rod. 

[0124] NoW Referring to FIG. 2a, in some embodiments, 
When a force X is applied to lever 41 in a direction parallel 
to plunger rod 37, the forWard action of piston 33 begins at 
position A and ends at position B1, thereby displacing an 
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amount of bone cement equal to the traversed volume 
through exit opening 27. However, since the piston of this 
embodiment does not pass over the entry opening of the 
injection chamber, at no time in the stroke does this piston 
prevent ?uid communication betWeen the reservoir and 
injection chamber, and so the pressure is determined by the 
pressure of the ?uid in reservoir 3 (Which is typically loW). 
Therefore, in some embodiments, a valve 51 is provided 
betWeen the entry opening 25 of the sterile inner surface of 
the injection chamber and the exit opening 5 of the reservoir 
for restricting the ?uid communication therebetWeen. When 
this valve 51 is in an open position, bone cement may be 
delivered from the reservoir into the injection chamber. After 
such delivery, valve 51 is adjusted to its closed position, and 
the bone cement in the injection chamber is noW in ?uid 
isolation. Accordingly, the pressure experienced by the 
cement is noW a function of the diameter of the inner face 
35 of piston 33 of the injection chamber, and so the isolated 
cement may be more easily pressuriZed to a usefully high 
pressure by the forWard action of the lever 41. 

[0125] Although valve 51 is useful in enhancing the 
pressure of the bone cement in the injection chamber, it 
nonetheless requires extra effort to open and shut the valve 
With each stroke. NoW referring to FIG. 2b, in more 
preferred embodiments, the stroke of the plunger is such that 
piston 33 of the plunger begins its stroke at position A 
(thereby alloWing ?uid communication betWeen the entry 25 
and exit 27 openings), and then moves forWard across the 
entry opening 25 during the injection stroke to position B2, 
thereby occluding the entry opening and preventing the ?uid 
communication With the reservoir. Since the bone cement in 
the injection chamber is noW in ?uid isolation, the pressure 
experienced by the cement is noW a function of the diameter 
of the inner face 35 of the injection chamber piston 33 and 
so may be more easily pressuriZed to a usefully high 
pressure by the forWard action of the lever 41. 

[0126] In this preferred embodiment, the dual role played 
by the piston 33 obviates the need for the valve member 51. 

[0127] Although the device of FIG. 2b provides the iso 
lation desired for discrete bone cement injection, it does so 
for only a relatively small portion of the stroke. That is, 
When the inner face is betWeen positions A and C, ?uid 
communication still exists betWeen the reservoir and injec 
tion chambers, and so only relatively loW pressures can be 
realiZed. Therefore, in more preferred embodiments, the 
length of plunger 37 is such that the inner face 35 of the 
piston has an initial position C adjacent the entry opening 25 
of the injection chamber. When the inner face is so posi 
tioned, the only portion of the stroke in Which ?uid com 
munication still exists is that small portion in Which inner 
face 35 passes over entry opening 25. Therefore, this 
embodiment has the advantage that virtually the entire 
stroke is at a high pressure. Preferably, the depth D of piston 
33 is greater than the distance betWeen entry opening 25 and 
exit opening 27. This condition prevents cement from ?oW 
ing from the reservoir into the area of the injection chamber 
behind the piston. 

[0128] In one preferred embodiment, noW referring to 
FIG. 2c, the length of plunger rod 37 is such that the inner 
face 35 of the piston has a ?nal position B3 substantially 
adjacent the exit opening 27 of the injection chamber. In this 
mode, the plunger movement completely empties the cham 
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ber of bone cement. This has the advantage of providing 
more ejection volume per stroke, thereby requiring feWer 
strokes to deliver a predetermined volume. 

[0129] Preferably, the inner face of the piston housed 
Within the injection chamber is sealingly engaged With a 
smooth inner surface of a tubular injection chamber. Under 
such sealing engagement conditions, the forWard action of 
the inner face upon the isolated bone cement can produce the 
desired high pressure. HoWever, in other embodiments and 
noW referring to FIG. 3, the axially movable inner face 34 
may be the lead surface of a screW 60 having a thread 61 
Which is threadably engaged With a corresponding thread 62 
of the tubular injection chamber 21, thereby providing a 
sealing engagement. Since the inner face is axially movable 
relative to the injection chamber and the sealing engagement 
alloWs the bone cement to be isolated, the bone cement 
Within the injection chamber may be easily pressuriZed to a 
high pressure. By Way of contrast, the auger design of 
Barker discloses a threaded screW Within a smooth tube and 
so does not produce the total occlusion condition desired for 
producing high pressures. 

[0130] In preferred embodiments, the inner face 34 or 35 
of the piston is impervious to viscous bone cement. The 
impervious nature of the inner face alloWs the movement of 
the inner face to efficiently act upon the bone cement Within 
the injection chamber and thereby produce a high pressure. 
By Way of contrast, the auger of Barker requires that bone 
cement pass through the inner face in order to be injected. 

[0131] In some embodiments, referring again to FIG. 3, 
the device further comprises a check valve 65 located 
adjacent the exit opening 27 of the injection chamber. 
During the loW pressure ?lling of the injection chamber, this 
valve is in a closed position (position C) Which seals the exit 
opening from ?uid ?oW. During the high pressure stroke, 
check valve 65 opens (position D) in response to increased 
pressure Within the injection chamber and then recloses 
(position C) upon reduction of that pressure beloW a prede 
termined high pressure level. This feature prevents bone 
cement from being sucked back into the injection chamber 
from the delivery tube (not shoWn) during the loW pressure 
re?lling of the injection chamber. 

[0132] Although check valve 65 of FIG. 3 successfully 
prevents cement back ?oW during the evacuation of the 
injection chamber, it nonetheless requires the injection 
chamber to have an angled portion. When very viscous 
cement is used, it is more desirable to have a substantially 
linear ?oW line in the injection chamber. Therefore, in some 
embodiments, and noW referring to FIGS. 11a and 11b, 
check value 65 is replaced With a ?oW restrictor and the ?oW 
path in the injection chamber is substantially in-line. For the 
purposes of the present invention, the “?oW path” is de?ned 
as the straight line connecting the center of the inner face of 
the piston With the center of the exit opening. The intersec 
tion of this ?oW path With a line orthogonal to the inner face 
of the piston de?nes an angle. When this angle is less than 
45 degree, the ?oW path is substantially in-line. Preferably, 
the angle is less than 30 degrees. 

[0133] The ?oW restrictor 96, as shoWn in FIGS. 11a-b, is 
a thin disc disposed normal to and Within the injection 
chamber tube con?gured to generally restrict ?oW there 
through under loW pressure but alloW ?oW therethrough 
under higher pressure. This disc preferably has a plurality of 
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slits 301 Which create ?aps 303. When the piston moves 
towards the How restrictor, the high pressure in the injection 
chamber forces the ?aps open, thereby permitting ?oW. 
When the piston is retracted, the ?aps recede to their original 
position, thereby preventing back ?oW. Preferably, the disc 
is made of a ?exible material such as polyethylene and 
comprises at least 2 slits, more preferably at least three slits, 
as shoWn in FIG. 11c. 

[0134] In some embodiments using a lever arm to axially 
move the injection chamber piston, the pressure generatable 
by forWard action of the lever is a function of the mechanical 
advantage of the lever. NoW referring to FIG. 10, there is 
provided a lever L pivotally attached to plane P at point A. 
Also, Rod R is engaged With lever L at point B and is 
slidably received in Plane P at point D. The mechanical 
advantage gained by pushing rod R With lever L With a force 
F at point C is calculated as 

[0135] Wherein the distance AB along the lever is X, and 
the distance BC along the lever is Y. 

[0136] Generally, the lever arm is attached to the plunger 
rod at an attachment point Which provides a mechanical 
advantage of more than 1. Preferably, the mechanical advan 
tage is at least 2, more preferably at least 3, most preferably 
at least 5. 

[0137] As noted above, the pressure experienced by a ?uid 
in a tube in response to the forWard action of a plunger is 
inversely related to the cross sectional area (CS) of the inner 
face of the plunger. Accordingly, an inner face having a 
small cross sectional area is capable of producing a higher 
pressure than an inner face having a much higher cross 
section. Therefore, again referring to FIG. 3, a highly 
desirable feature of the injection chamber is its reduced 
cross-section CSic relative to that of the reservoir CSI Which 
alloWs the bone cement to be more easily pressuriZed to a 
high pressure. Preferably, the ratio of the cross-sectional 
area of the reservoir CSI to the cross-sectional area of the 
injection chamber CSic is at least 9:1. More preferably, it is 
at least 15:1. When the more preferred ratio is adopted, a 
device having a relatively short reservoir and yet a surgically 
useful injection chamber may be realiZed. In one embodi 
ment, the reservoir holds 30-40 cc of bone cement and has 
a 5-6 inch length (~127-154 mm), and the injection chamber 
contains 0.5-1 cc of bone cement, and the CSI:CSic ratio is 
about 10.3:1. 

[0138] As shoWn in FIG. 1, the bone cement precursors 
are mixed by a porous disc 13 attached to the end of ?rst 
member 11. Preferably, ?rst member 11 is a rod comprising 
a ?rst end 81 (to Which disc 13 is attached) and a second end 
82 Which is slidably received in the reservoir via an opening 
83 in the second end 7 of the reservoir. This disc has 
transverse holes 84 Which alloW for passage and agitation of 
the bone cement precursors When the mixing rod is moved 
axially about the reservoir, thereby insuring the complete 
mixing of these precursors. In some embodiments, the disc 
has a diameter Which is substantially less than the diameter 
of the reservoir, thereby enhancing its ability to agitate the 
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bone cement precursors. In other embodiments, the mixing 
shank comprises a blade 80 as in FIG. 2, Which agitates the 
bone cement precursors When the mixing rod is rotated 
about the reservoir axis. 

[0139] The bone cement may be delivered from the res 
ervoir to the injection chamber by providing a pressure 
differential. For example, the pressure differential may be 
produced by gravity by simply positioning the reservoir at a 
higher elevation. In some embodiments, the bone cement is 
delivered from the reservoir to the injection chamber by 
pressuriZing the bone cement in the reservoir via a pressur 
iZing means. In one preferred embodiment and noW referring 
to FIG. 4, there is provided a second piston 71 housed 
Within the reservoir 3 and having an inner face 72 facing the 
exit opening 5 of the reservoir. When this inner face 72 
moves axially toWard the exit opening 5 of the reservoir, it 
pushes the bone cement in that direction, thereby forcing the 
bone cement into the injection chamber. Preferably, the inner 
surface 78 of the reservoir has a tubular shape, and the inner 
face 72 of the second piston 71 is in sealing engagement 
With the inner surface 78 of the reservoir. Preferably, the 
inner surface 78 of the tubular reservoir is smooth and the 
second piston 72 is slidably received Within the tubular 
shape. 

[0140] More preferably, noW referring to FIG. 4, there is 
provided a spring-loaded plunger comprising a spring 75 
having a ?rst end 74 contacts the outer face 73 of the second 
piston 71 and a second end 76 contacts the back surface 77 
of the reservoir. In this embodiment, the spring-loaded 
plunger exerts a substantially continuous pressure upon the 
bone cement in the reservoir as the piston advances toWards 
the exit opening, thereby forcing the cement into the injec 
tion chamber When the injection chamber is empty and inner 
face 35 of the plunger is pulled back to position Ato provide 
?uid communication betWeen the injection chamber and 
reservoir (as shoWn in FIG. 2a). This automatic re-?lling 
feature of the device eases operation of the device. 

[0141] In some embodiments, the spring may be loaded 
and locked into place. NoW referring to FIG. 9b (Which 
discloses a device of the present invention in Which the 
spring is in its relaxed position), to load the spring 201, 
spring rod 203 having shoulder 205 is manually retracted so 
that the shoulder 205 exits the reservoir 207 through hole 
209, the hole 209 having a shape accommodating the 
shoulder 205 cross section. NoW referring to FIG. 9c, the 
Width Wh of hole 209 is such that it alloWs passage of narroW 
rod portion 213 and the Width WS of shoulder 205, but not 
the length LS of shoulder 205. NoW referring to FIG. 9d, 
once shoulder 205 is outside the hole 209, rod 203 may be 
rotated 90 degrees and then released so that, as the spring 
201 pulls the rod 203 back into the reservoir 207, shoulder 
205 bears against grooves 211 disposed about hole 209, 
thereby locking the rod 203 into place. The spring-loaded 
device of the present invention is shoWn in FIG. 9a. 

[0142] In some embodiments, as in FIG. 5, spring 101 is 
both retracted and released via handled spring rod 103. 
When this embodiment is adopted, it is preferred that the 
second end 105 of the mixing rod be slidably received Within 
a bore 109 axially located Within the handled spring rod 103. 
This feature has the advantages of economiZing reservoir 
space and ensuring that both the porous disc and the plunger 
piston act throughout the entire cross section of the reservoir. 
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In one preferred mode of operation, once the mixing step is 
completed, the mixing handle is broken off at a thinned 
break point 113 near the second end 105 of handled spring 
rod 103. 

[0143] As noted above, the tWo-handle embodiment of 
FIG. 5 is a complex device. Accordingly, in some embodi 
ments, the handle for locking the spring is eliminated and 
replaced With a locking pin. NoW referring to FIG. 6a, there 
is provided a pair of locking pins 85 for maintaining spring 
75 in a compressed or loaded position. Reservoir Wall 87 
further possesses a pair of holes 86a, 86b for receiving the 
locking pins 85. Preferably, and noW referring to FIG. 6b, 
second piston 71 also possesses a pair of recesses 88 about 
its periphery shaped for receiving the pins. During fabrica 
tion, the pins sequentially enter ?rst the reservoir recesses 86 
and then the piston recesses 88 to lock the pre-loaded spring 
in place. In use, the pins remain in place While the cement 
precursors are adequately mixed. Once the mixing is com 
pleted, the pins 85 are removed, thereby freeing pre-loaded 
spring 75 to force the inner face 72 of piston 71 to press 
against the cement, thereby pressuriZing the cement for 
delivery into the injection chamber. In some embodiments, 
and noW referring to FIG. 6c, locking tynes 89 are con 
nected by a shaft 90 to form a single locking pin 85. 

[0144] The materials of the present invention can be any 
suitable biomaterial, such as metals or plastics. Because the 
device is used to deliver sterile bone cement, the materials 
should also be sterile. In some embodiments, the inner 
surface of the reservoir Wall 87 is also sterile. Preferably, all 
the surfaces Which contact the bone cement are sterile. Since 
bone cements are also knoWn to degrade and/or affect many 
materials, these surfaces should also be compatible With the 
bone cement. 

EXAMPLE I 

[0145] NoW referring to FIGS. 8a and 8b, the PMMA 
precursors P1 and P2 are ?rst poured into the opening 181 at 
the ?rst end 6 of the reservoir cap 182. Threaded reservoir 
cap 182 having a threaded end 184 and a hole 183 for 
slidably receiving mixer rod 11 is then screWed onto the 
corresponding thread 185 of the reservoir 3 to produce the 
device as shoWn in FIG. 8b. Next, the mixing rod 11 is 
unlocked by rotating rod 11 so that shoulder 186 passes 
through hole 183, and the mixing rod 11 is axially cycled 
along the ?rst axis of the reservoir, thereby causing the 
mixing disc 13 to move axially Within the reservoir. The 
axial movement of the porous mixing disc causes agitation 
of the precursors, Which react on contact to produce a 
Well-mixed cement. 

[0146] When mixing is completed and the bone cement is 
Well-mixed, locking pins 85 are removed, thereby releasing 
compacted spring 75 and pressuriZing the cement. 

[0147] NoW referring to FIGS. 2a-c and 3, in order to 
deliver the bone cement to the injection chamber, the second 
end of lever 41 is pulled back aWay from the injection 
chamber. As the lever is so retracted, piston 35 of plunger 37 
is retracted aWay from the entry opening of the injection 
chamber, thereby providing ?uid communication betWeen 
the reservoir and the injection chamber. Bone cement under 
pressure by the spring-loaded plunger is forced through the 
exit opening 5 of the reservoir, through entry opening 25 of 
the injection chamber and into injection chamber 21. 
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Because the relatively loW pressure provided by the spring 
loaded plunger is beloW that required to open check valve 
65, optional check valve 65 remains in a closed state, 
thereby preventing loW pressure ejection of any bone cement 
through exit opening 27. 

[0148] To deliver cement through exit opening 27, lever 
41 is urged toWard the injection chamber 21 from position 
C to position B1. When this occurs, the inner face 35 of 
piston 33 moves over and occludes entry opening 25 and 
moves toWards exit opening 27. This movement of the inner 
face 33 pressuriZes the bone cement housed in the injection 
chamber to a pressure exceeding the critical pressure of the 
closed check valve. As a result, normally closed check valve 
65 noW opens and bone cement is forced through exit 
opening 27 and is injected into the patient via a tube (not 
shoWn). 
[0149] Alternatively, check valve 65 is replaced with How 
restrictor 96 (as shoWn in FIG. 11a), and exit opening 27 is 
located at the position on the far Wall 190 of the injection 
chamber (as shoWn in FIG. 2a) so that the bone cement exits 
the chamber in a direction parallel to the axis of the tubular 
injection chamber. In use, the high presure caused by the 
advance of piston 33 forces open ?aps 95, thereby alloWing 
substantially in-line How of cement from the piston to exit 
opening 27. 

[0150] In accordance With the ?rst embodiment, it is 
preferred that the the ?rst and second end portions of the 
injection chamber de?ne a ?rst axis Within the inner surface, 
Wherein the ?rst piston comprises a sideWall having a shape 
corresponding to the inner surface of the injection chamber, 
and the ?rst piston is received Within the inner surface to 
alloW axial movement of the ?rst piston along the ?rst axis 
Within the inner surface. The piston correspondence With 
inner surface shape alloWs easy axial movement of the 
piston. 

[0151] It is preferred that the ?rst piston is slidably 
received Within the inner surface to alloW sliding movement 
of the ?rst piston along the ?rst axis Within the inner surface. 

[0152] It is preferred that the shape of the ?rst piston 
sideWall provides substantial sealing engagement With the 
inner surface. This conditions prevents the How of bone 
cement therebetWeen. 

[0153] It is preferred that the ?rst piston has an inner face 
facing the exit opening of the injection chamber, the inner 
face has a centerpoint, and the centerpoint and exit opening 
of the injection chamber de?ne a ?oWpath Which is sub 
stantially linear. This is desirable for viscous bone cements. 
More preferably, the How path has an angle of less than 30 
degrees. 

[0154] NoW referring to FIG. 2c, it is preferred that the 
device further comprising an O-ring 51 disposed betWeen 
the sideWall of the ?rst piston and the inner surface of the 
injection chamber. The O-ring prevents air bleed in. 

[0155] It is preferred that inner surface of the injection 
chamber has a tubular shape corresponding to the ?rst axis, 
the sideWall has a threaded surface, and the tubular inner 
surface is correspondingly threaded for receiving the 
threaded sideWall to alloW axial movement of the inner face 
of the ?rst piston along the inner surface. This describes a 
screW Which can provide mechanical advantage. 






















