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BONE COMPRESSION DEVICE AND 
METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims the benefit of U.S. Provisional 
Patent Application No. 62/127,609, filed Mar. 3, 2015, 
which is hereby incorporated by reference in its entirety. 

FIELD OF THE INVENTION 

2 
FIG. 3 is a bottom perspective view of the bone plate of 

FIG. 1 showing lobes of the bone plate at opposite ends of 
the intermediate portion and an outer lip of one of the lobes; 

FIG. 4 is a perspective view of one of a pair of manipu­
lators for implanting the bone plate of FIG. 1; 

FIG. 5 is an enlarged perspective view of a distal end 
portion of the manipulator of FIG. 4 showing an opening 
sized to receive one of the lobes of the bone plate of FIG. 1; 

FIG. 6 is a bottom plan view of the distal end portion of 
10 the manipulator of FIG. 4 showing a central cannula of the 

manipulator; 

The invention relates to the stabilization of bones and, 
more particularly, to devices for compressing bones together 

15 
to encourage bone growth. 

FIG. 7 is a schematic view showing the manipulators 
positioned above the lobes of the bone plate of FIG. 1 for 
connection therewith; 

FIG. 8 is a cross-sectional view of the bone plate and 
manipulators of FIG. 7 showing one of the manipulators 
connected to the associated bone plate lobe; BACKGROUND 

Nitinol staples are often used to stabilize bones in ortho­
pedic podiatry, hand, and wrist surgeries. As used herein, the 
term "bone" is intended to refer to whole bones, bone 
fragments, and other portions of the skeleton. Nitinol staples 
may be used to compress a pair of bones separated by a cut 

FIG. 9 is a bottom plan view of the manipulator of FIG. 
20 8 connected to the bone plate lobe showing a mating fit of 

the bone plate lobe and the manipulator; 
FIG. 10 is a bottom perspective view showing both of the 

manipulators of FIG. 7 connected to the lobes of the bone 
plate; 

or break to encourage healing. Nitinol staples may also be 25 
used to compress a pair of bones on opposite sides of an 
implant to encourage fusion of the bones and implant 
construct. 

FIG. 11 is a side elevational view of the manipulators and 
bone plate of FIG. 10 showing center lines of the manipu­
lator cannulas oriented at an angle relative to one each other; 

FIG. 12 is a view similar to FIG. 11 showing the manipu­
lators pivoted toward one another to an insertion orientation 

30 which bends the intermediate portion of the bone plate and 
reconfigures the bone plate into a flexed configuration; 

FIG. 13 is a bottom perspective view of the manipulators 
and bone plate of FIG. 12 showing centerlines of the 

35 
manipulators aligned with through bores of the bone plate 
lobes; 

A nitinol staple may be implanted by first drilling holes 
for legs of the staple in the bones sought to be stabilized. The 
legs of the staple are splayed apart, which elastically 
deforms the staple, and are inserted into the holes. The 
resilient properties of the nitinol staple tend to draw the legs 
back together which compresses the bones. The compressive 
force applied by the staple encourages bone growth between 
the bones. 

A nitinol staple provides a limited amount of compression 
which is in acceptable in some applications. In other appli­
cations, however, a greater amount of compression or 
increased stability is desired such that two staples are 40 

implanted in the bones. Specifically, one staple is implanted 
in one side of the bones and the other staple is implanted in 
an opposite side of the bones. Implanting two staples on 
opposite sides of the bones may complicate the surgical 
procedure. Further, in some applications, a greater amount 45 

of compression and/or increased stability is desired but the 
surrounding anatomy may inhibit the use of two staples on 
opposite sides of the bones. 

Another problem with the use of nitinol staples is that a 
large number of staples are provided in a surgical kit. For 50 

example, a surgical kit may include staples having different 
staple bridge lengths to position the legs of the staples 
different distances apart. For each staple bridge length, the 
surgical kit would also include staples with different leg 
lengths. Providing both a range of staple bridge lengths and 55 

staple leg lengths significantly increases the number of 
staples required in the kit. 

FIG. 14 is a perspective view of the manipulators and 
bone plate of FIG. 12 showing a restraint being advanced 
onto the manipulators to secure the manipulators in the 
insertion orientation; 

FIG. 15 is a side view similar to FIG. 14 showing the 
restraint resisting pivoting of the manipulators away from 
the insertion orientation thereof; 

FIG. 16 is a top plan view of the restraint, manipulators, 
and bone plate of FIG. 15 showing cannulas of the manipu­
lators aligned with the through bores of the bone plate lobes; 

FIG. 17 is a side elevational view of the restraint and 
manipulators of FIG. 15 being used to position the bone 
plate in the flexed configuration against bones; 

FIG. 18 is an enlarged perspective view showing the 
manipulators of FIG. 17 maintaining the bone plate in the 
flexed configuration against the bones; 

FIG. 19 is a schematic view of a screw driver positioned 
to advance a bone screw through a cannula of one of the 
manipulators; 

FIG. 20 is a perspective view similar to FIG. 18 showing 
a shank portion of the bone screw being driven into the 
through bore of one of the bone plate lobes; 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a bone compression device 
having a bone plate and bone screws for securing the bone 
plate to bones; 

FIG. 21 is a view similar to FIG. 20 showing the screw 
60 driver driving a head portion of the bone screw into the lobe 

through bore; 

FIG. 2 is a side elevational view of the bone plate of FIG. 
1 showing the bone plate in an initial, unflexed configuration 
with an intermediate portion of the bone plate having a 
curved shape; 

FIG. 22 is a schematic view showing the bone plate in the 
flexed configuration having been secured to the bone by the 
bone screws and the manipulators having been disconnected 

65 from the bone plate lobes; 
FIG. 23 is a side elevational view of the bone plate of FIG. 

22 secured to the bones in the flexed configuration with 
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dashed lines showing the bone plate shifting toward the 
unflexed configuration thereof and compressing the bones 
together; 

FIG. 24 is a perspective view of a bone compression 
device including a bone plate and manipulators that are 
releasably connectable to the bone plate; 

FIG. 25 is a top plan view of the bone plate of FIG. 24 
showing the bone plate in an unflexed configuration with an 
intermediate portion of the bone plate curved; 

FIG. 26 is a top plan view similar to FIG. 25 showing the 
manipulators squeezed together which flexes the bone plate 
and straightens the intermediate portion of the bone plate; 

FIGS. 27 and 28 are perspective views of the bone plate 
and manipulators of FIG. 26 showing a bone screw being 
driven into a through bore of the bone plate while the 
manipulators hold the bone plate in the flexed configuration; 

FIG. 29 is a perspective view similar to FIGS. 27 and 28 
showing the manipulators disconnected from the bone plate 
after the bone plate has been implanted in the flexed con­
figuration thereof; 

FIG. 30 is a perspective view of a bone compression 
device including a bone plate having integrated manipula­
tors; 

FIG. 31 is an enlarged, top plan view of the bone plate of 
FIG. 30 showing a connection between a body of the bone 
plate and the manipulator; 

FIG. 32 is a perspective view of another bone compres­
sion device having a resilient body and bone screws; 

FIG. 33 is a top plan view of the resilient body of FIG. 32 
in an unflexed configuration; 

FIG. 34 is a view similar to FIG. 33 showing end portions 
of the resilient body moved apart from one another to 
reconfigure the resilient body to a flexed configuration; 

FIG. 35 is a cross-sectional view taken across line 35-35 

4 
changing shape in situ from a flexed configuration to an 
unflexed configuration in response to the internal tempera­
ture of the patient. 

The bone plate 12 has an initial, unflexed configuration 
where an intermediate portion 20 of the bone plate 12 is 
curved or bent, as shown in FIG. 2. With reference to FIGS. 
7, 11, and 12, the bone plate 12 may be flexed using an 
instrument 15 that includes a pair of manipulators 17, 19. 
The manipulators 17, 19 are connected to the bone plate 12 

10 and squeezed together toward an installation orientation as 
shown in FIG. 12, which bends the bone plate 12 to the 
flexed configuration wherein the intermediate portion 20 is 
substantially straight. This loads the intermediate portion 20 
and stores potential energy in the bone plate 12 in a manner 

15 similar to compressing a spring. 
A restraint 190 (see FIG. 14) may be connected to the 

manipulators 17, 19 to hold the manipulators 17, 19 in the 
installation orientation which, in turn, maintains the bone 
plate 12 in the flexed configuration. Next, the assembled 

20 manipulators 17, 19 and restraint 190 are manipulated to 
position the bone plate 12 in the flexed configuration thereof 
against bones 13, 15, as shown in FIG. 17. The bone screws 
16 are advanced through the manipulators 17, 19 and driven 
into throughbores 22, 24 of the bone plate 12 to secure the 

25 bone plate 12 to the bones 13, 15. With the bone plate 12 
secured to the bones 13, 15 in the flexed configuration, the 
bone plate 12 resiliently biases against the bone screws 12 
as the bone plate 12 rebounds or returns toward its unflexed 
configuration and the intermediate portion 20 returns in 

30 direction 30 toward its curved, unflexed shape 32, as shown 
by dashed lines in FIG. 23. Thus, the bone plate 12 urges the 
bone screws 16 together as the bone plate 12 rebounds 
toward its unflexed configuration which compresses the 

in FIG. 32 showing a retention mechanism for keeping the 35 

end portion of the resilient body secured to the bone screw; 
and 

bones 13, 15 together to heal a cut or break 280. The length 
of the bone plate 12 may be selected so that the bone plate 
12 does not completely return to its unflexed configuration 
after being secured to the bones 13, 15 so that the bone plate 
12 continues to continuously apply compression to the bones 
13, 15. Further, the intermediate portion 20 may flex as 

FIG. 36 is a top plan view of a bone compression device 
similar to the bone compression device of FIG. 32 showing 
straight legs of the resilient body connecting a spring portion 
of the body to end portions of the body. 

DETAILED DESCRIPTION 

In FIG. 1, a bone compression device 10 is provided 
having a bone plate 12 with a body 14 for being secured to 
bones with bone anchors, such as bone screws 16. The bone 
plate 12 is made entirely or partially of a shape-retentive 
material that permits elastic deformation of the bone plate 12 
and resiliently biases the bone screws 16 and bones con­
nected thereto together once the bone plate 12 has been 
implanted on the bones. In one form, the bone plate 12 is 
made of nitinol having superelastic properties that permits 
the bone plate 12 to deform elastically as the bone plate 12 

40 needed to accommodate subsidence or movement of the 
bones 13, 15 post-surgery while continuing to compress the 
bones 13, 15 together. 

With reference to FIG. 1, the bone plate 12 has bone 
anchor receiving portions, such as lobes 40, 42, which 

45 include the through bores 22, 24. In one form, the bone 
compression device 10 includes retention mechanisms 44 to 
resist back-out of head portions 46 of bone screws 16 from 
the lobes 40, 42. In addition to resisting back-out of the bone 
screw head portions 46, the screw retention mechanisms 44 

50 may also fix the bone screw head portions 46 to the bone 
plate lobes 40, 42. By fixing the bone screw head portions 
46 to the bone plate lobes 40, 42, the bone screws 16 and 
bone plate lobes 40, 42 form a rigid construct with the bones 
13, 15 while the intermediate portion 20 compresses the 

55 bones. This rigid construct permits a single bone plate 12 
and two screws 16 to be used to stabilize bones where, in 
prior approaches, a pair of nitinol staples would need to be 
used and would involve the inefficiencies associated there-

is flexed during implantation of the bone plate 12, as 
discussed in greater detail below. Once the bone plate 12 is 
implanted in a flexed configuration thereof, the bone plate 12 
acts as a spring and applies constant compression to the 
bones until the elastically deformed bone plate 12 returns 
toward its initial, unflexed configuration. This is an improve- 60 

ment over some prior compression bone plates that are 
plastically deformed to compress bones. In these bone 
plates, there may be spring back within the bone plate after 
implantation of the bone plate which reduces the compres­
sion applied to the bones. As another example, the bone plate 65 

12 may be made from a shape memory material, such as 
shape memory nitinol, which would compress the bones by 

with. In one form, the screw retention mechanisms 44 
includes cooperating threads on the bone screw head portion 
46 and the lobes 40, 42. In another form, the screw retention 
mechanisms 44 may include an expandable bone screw head 
portion 46 and an actuator for expanding the head portion 46 
into engagement with the surfaces of the through bores 22, 
24, for example. 

Another advantage of the bone compression device 10 is 
that a surgical kit of several bone compression devices 10 
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may be provided with fewer components than a correspond­
ing kit of nitinol staples. The kit of bone compression 
devices 10 would include a plurality of bone plates 12 
having different lengths, a plurality of bone screws 16 
having different lengths, the manipulators 17, 19, and the 5 

restraint 190. The kit of bone compression devices 10 could 
have fewer components than the nitinol staple kit because 
the different length screws 16 in the kit could be used with 
any of the lengths of bone plate 12 in the kit. Thus, the kit 
of bone compression devices 10 would include one set of 10 

bone screws 16 of different lengths, rather than a set of bone 
screws 16 of different lengths for each bone plate 12. This 
is an improvement over a corresponding kit of nitinol staples 
which would include, for each staple bridge length, a set of 15 
staples with different leg lengths. The surgical kit may be 
provided with one length of manipulators 17, 19 that can be 
used with the bonne plates 12 of different lengths or may 
provided with a plurality of pairs of manipulators 17, 19 
having different lengths. Further, the surgical kit may be 20 

provided with one or more of the restraints 190. If one 
restraint 190 is provided, the restraint 190 may be adjustable 
to fix the manipulators 17, 19 at different distances apart. 

With reference to FIG. 2, the bone plate 12 is shown in an 
initial, unflexed configuration with the intermediate portion 25 

20 having a non-linear, curved shape. The curved shape of 
the intermediate portion 20 orients center lines 50, 52 of the 
through bores 22, 24 to extend at an angle 53 relative to each 
other. The lobes 40, 42 each have an instrument receiving 
portion 54 including a notched profile 56 with a lip 58 and 30 

a depending flat 60. The lip 58 has a lower surface 62 that 
is lifted upward by a lip engaging portion 66 (see FIG. 5) of 
the associated manipulator 17, 19, as discussed in greater 
detail below. 

With reference to FIGS. 3 and 5, the lobes 40, 42 of the 35 

bone plate are each configured to form a mating, non­
rotatable fit with a distal lobe engaging portion 72 of one of 
the manipulators 17, 19. Specifically, the lobe 42 has a 
rounded outer surface 80 that fits within a rounded inner 
surface 82 of the lobe engaging portion 72 of the manipu- 40 

lator 19. The lobes 40, 42 are sized to fit within openings 74 
of the manipulators 17, 19 and the flats 60 of the lobes 40, 
42 each abut a flat 76 of the associated manipulator 17, 19. 
The abutting flats 60, 76 of the lobes 40, 42 and manipula­
tors 17, 19 resist turning of the lobes 40, 42 within the lobe 45 

engaging portions 72 as shown in FIG. 9. 
With continued reference to FIGS. 3 and 5, the manipu­

lator 19 has a notch 84 sized to receive a section of the 
intermediate portion 20 of the bone plate 12 as the manipu­
lator 19 is advanced onto the lobe 42. The manipulator 19 50 

has a fulcrum 88 for engaging the bone plate 12 as the 
manipulator 19 is pivoted toward the manipulator 17 to bend 
the bone plate 12 as discussed in greater detail below. The 
fulcrum 88 includes a surface 90 that rests upon an upper 
surface 92 of the bone plate 12, as shown in FIG. 8. Further, 55 

the notch 84 includes walls 160, 162 arranged to abut sides 
164, 166 of the intermediate portion 20 and resist rotational 
movement between the lobe 24 and the manipulator 19. 

Returning to FIG. 5, the manipulator 19 has an aperture 
100 sized to receive the lip 58 of the lobe 42. The aperture 60 

100 has a width 102 larger than a width 104 (see FIG. 3) of 
the lip 58. Turning to FIGS. 8 and 18, the lip 58 of the lobe 
42 extends over and is supported on an upper surface 150 of 
the lip engaging portion 66 with the lip 58 positioned in the 
aperture 100 such that pivoting of the manipulator 19 in 65 

direction 132 tightly engages the lip lower surface 62 and the 
upper surface 150 (see FIG. 8). 

6 
With reference to FIG. 6, the manipulator 19 has a cannula 

110 with a center 112 and a wall 114 extending about the 
cannula 110. As noted above, the lip engaging portion 66 of 
the manipulator 19 engages the lip lower surface 62 of the 
lobe 42 and the surface 90 of the manipulator 19 seats on the 
upper surface 92 of the bone plate 12 with the manipulator 
19 connected to the lobe 42. To provide leverage to bend the 
bone plate 12, the manipulators 17, 19 have a distance 116 
between the lip engaging portion 66 and the surface 90 of 
each manipulators 17, 19. In this manner, pivoting the 
manipulators 17, 19 in directions 130, 132 as shown in 
FIGS. 11 and 12 tends to pull upwardly on the lip 58 and 
pushes downwardly on the upper surface 92 of the bone 
plate 12 which straightens out the bone plate intermediate 
portion 20. Additionally, the manipulators 17, 19 have a 
length 136 that provides additional leverage for bending the 
bone plate 12 as shown in FIG. 4. 

With reference to FIGS. 7-23, a method of applying 
compression to the bones 13, 15 using the bone plate 12 is 
shown. Initially, the lobe engaging portions 72 of the 
manipulators 17, 19 are connected to the lobes 40, 42 of the 
bone plate 12. With reference to FIG. 7, the manipulator 19 
is maneuvered in direction 140 to position the lip engaging 
portion 66 in the notched profile 56 of the lobe 42 below the 
lip 58. With the lip engaging portion 66 engaged with the 
underside of the lip 58, the manipulator 19 is then pivoted 
in direction 142 which shifts the notch 84 downward onto 
the intermediate portion 20 of the bone plate 12 and seats the 
lobe engaging portion 72 on the lobe 42. 

With reference to FIG. 8, the manipulator 19 is shown 
after pivoting in direction 142 such that the upper surface 
150 of the lip engaging portion 66 is engaged with the lower 
surface 62 of the lip 58, the flat 76 of the manipulator 19 is 
engaged with the flat 60 of the lobe 42, and the surface 90 
of the manipulator 19 is engaged with the upper surface 92 
of the bone plate 12. The lip engaging portion 66 engages the 
bone plate 12 at one side of the lobe 42 and the notch 84 
engages the intermediate portion 20 at the opposite side of 
the lobe 42. This engagement resists lateral movement 
between the lobe 42 and the manipulator 19 in directions 
152, 154 even as the manipulator 19 is pivoted to bend the 
bone plate 12. Further, this engagement maintains a coaxial 
alignment of a center line of the lobe through bore 24 and a 
center line of the manipulator cannula 110. The aligned 
center lines of the through bore 24 and cannula 110 will be 
referred to with combined reference numeral 156. The 
manipulator 17 is then connected to the lobe 40 in a similar 
manner and establishes a coaxially aligned center line 158 of 
the through bore 22 of the lobe 40 and the cannula 110 of the 
manipulator 17. 

With reference to FIGS. 10 and 11, the manipulators 17, 
19 are shown connected to the lobes 40, 42 of the bone plate 
12. At this point, the bone plate 12 is in the initial, unflexed 
configuration and the intermediate portion 20 of the bone 
plate 12 has a curved shape. With the bone plate 12 in the 
unflexed configuration, the center lines 156, 158 are oriented 
at an angle 170 that may be the same or substantially the 
same as the angle 53 between the centerlines 50, 52 of the 
bone plate throughbores 22, 24 with the bone plate 12 in the 
unflexed configuration (see FIG. 2). 

Next, the manipulators 17, 19 are pivoted toward each 
other in directions 130, 132 such as by a user squeezing the 
manipulators 17, 19 together, into an installation orientation 
as shown in FIG. 12. With the manipulators 17, 19 in the 
installation orientation, the centerlines 156, 158 may be 
substantially parallel to each other, as shown in FIG. 12. 
Comparing FIGS. 11 and 12, pivoting the manipulators 17, 
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19 toward each other flexes the bone plate 12 and bends the 
intermediate portion 20 into a straight configuration. With 
the bone plate 12 in the flexed configuration of FIG. 12, the 
bone plate 12 is generally planar which is in contrast to the 
bent configuration of the bone plate 12 shown in FIG. 2. 

It will be appreciated that the bone plate 12 may have a 
flexed configuration for some procedures where the bone 
plate 12 is partially flexed and the intermediate portion 20 is 
only partially straightened. Even when the intermediate 
portion 20 is only partially straightened, the elastic proper­
ties of the bone plate 12 will still apply a constant, com­
pressive force against the bones 13, 15 once the bone plate 
12 has been secured to the bones 13, 15. 

To maintain the manipulators 17, 19 in the installation 
orientation and keep the bone plate 12 in the flexed con­
figuration, a restraint 190 may be connected to proximal end 
portions 192, 194 of the manipulators 17, 19. As shown in 
FIGS. 14 and 15, the restraint 190 has collars 198, 200 and 
a link portion 210 connecting the collars 198, 200. The 
restraint 190 is connected to the manipulators 17, 19 by 
advancing the restraint 190 in direction 210 so that the 
collars 198, 200 fit over necks 206, 208 of the manipulators 
17, 19 and rest against shoulders 212, 214 of the manipu­
lators 17, 19. The restraint 190 resists pivoting of the 
manipulators 17, 19 in directions 220, 222 away from the 
installation orientation, as shown in FIG. 15. The manipu­
lators 17, 19 and restraint 190 may be made materials, such 
as metals or polymers, sufficiently rigid to resist the resilient 
bending of the bone plate 12 back toward its initial, unflexed 
configuration. For example, the manipulators 17, 19 may be 
made of stainless steel and the restraint 190 may be made 
from carbon fiber polyether ether ketone (PEEK). Further, 
the manipulators 17, 19 and restraint 190 may be disposable 
or reusable. 

With reference to FIG. 16, the collars 198, 200 may fit 
around the exteriors of the necks 206, 208 of the manipu­
lators 17, 19 which permits the cannulas 110 of the manipu­
lators 17, 19 to be unobstructed with the restraint 190 
connected to the manipulators 17, 19. The unobstructed 
cannulas 110 permit access to the through bores 22, 24 of the 
lobes 40, 42 through the cannulas 110. 

With reference to FIGS. 17 and 18, the restraint 190 
maintains the manipulators 17, 19 and bone plate 12 in an 
assembled configuration and permits one-handed handling 
of the assembly of the bone plate 12, manipulators 17, 19, 
and restraint 190. This assembly of the restraint 190, 
manipulators 17, 19 and bone plate 12 can be readily 
maneuvered in direction 230 into position on the bones 13, 

8 
connected thereto. The screw driver 240 and bone screw 16 
are advanced in direction 244 into the cannula 110 of 
manipulator 19 to advance a shank portion 246 of the bone 
screw 16 into the through bore 24 of the lobe 42 and drive 

5 the shank portion 246 into the bone 15. The screw driver 240 
continues to drive the bone screw 16 into the bone 15 until 
the head portion 46 of the bone screw 16 seats within the 
through bore 24 of the lobe 42, as shown in FIG. 21. This 
process is repeated to drive the other bone screw 16 into the 

10 through bore 22 of the lobe 40 so that both lobes 40, 42 are 
secured to the bones 13, 15 as shown in FIG. 22. 

Once the bone plate 12 in the flexed configuration has 
been secured to the bones 13, 15 the restraint 190 is removed 
in direction 271 to draw the collars 198, 200 off of the necks 

15 206, 208 as shown in FIG. 22. The bone plate engaging 
members 17, 19 are pivoted in directions 270, 272 to lift the 
notches 84 of the manipulators 17, 19 off of the intermediate 
portion 20 of the bone plate 12. Next, the manipulators are 
shifted outwardly in directions 274, 276 in order to unhook 

20 the lip engaging portions 66 from below the lips 58 of the 
lobes 40, 42. 

With reference to FIG. 23, the bone plate 12 in the flexed 
configuration is shown secured to the bones 13, 15. The bone 
screws 16 have been driven into the bones 13, 15 to secure 

25 the lobes 40, 42 against the bones 13, 15. Due to the elastic 
properties of the bone plate 12, the intermediate portion 20 
returns toward its unflexed configuration 32. As the inter­
mediate portion 20 bends upwardly from the bones 13, 15, 
the bone plate 12 applies tension to the bone screws 16 and 

30 compresses the bones 13, 15 together. 
In another approach, the bone plate 12 may be made of a 

shape memory nitinol that shifts in situ from a flexed, 
installation configuration to an unflexed, compression con­
figuration in response to the temperature of the patient. The 

35 bone plate 12 may be chilled, such as in a saline solution, 
mechanically forced into a straightened configuration, and 
implanted in the straightened configuration. As the tempera­
ture of the bone plate 12 raises to the internal temperature of 
the patient, the bone plate 12 will return to its original shape 

40 and compress the bones 13, 15. 
With reference to FIG. 24, a bone compression device 300 

is provided having a bone plate 302 that flexes within the 
thickness of the bone plate 302 to apply compression to 
bones. The bone plate 302 has a body 304 with lobes 306, 

45 308 and an intermediate portion 310 connecting the lobes 
306, 308. In the unflexed configuration of the bone plate 
302, the intermediate portion 310 is curved or bent and 
extends between planes defined by upper and lower surfaces 

15. As shown in FIG. 18, the intermediate portion 20 of the 
bone plate 12 is in its generally straight or flat configuration 50 

due to the restraint 190 continuing to resist pivoting of the 
manipulators 17, 19 away from their installation orientation. 

311, 313 of the lobes 306, 308. 
To flex the bone plate 302 to a flexed configuration, an 

instrument 319 is provided including manipulators 320, 322 
that each have a releasable connection 324 to the bone plate 
302. The releasable connection 324 includes a recess 326 of 
the bone plate 302 and a complimentary projection 330 of 
the associated manipulator 320, 322 configured to form an 
interlocking, rigid engagement with the recesses 326. 

As shown in FIG. 18, the manipulators 17, 19 have been 
used to position the bone plate 12 on the bones 13, 15 such 
that the through bores 22, 24 are each positioned over one 55 

of the bones 13, 15. Due to the elastic properties of the bone 
plate 12, the intermediate portion 20 biases the lobes 40, 42 
back toward their unflexed orientations (see FIG. 2). The 
engagement of the notches 84 and lip engaging portions 66 

With reference to FIG. 25, the bone plate is shown in the 
initial, unflexed configuration. With the manipulators 320, 
322 connected to the bone plate 302, longitudinal axis 340, 
342 of the manipulators 320, 322 extend an angle 344 to one 
another. 

of the manipulators 17, 19 resist the lobes 40, 42 returning 60 

to the unflexed orientations which causes the intermediate 
portion 20 to press upwardly against the surface 90 of the 
manipulators 17, 19 and the lips 58 of the lobes 40, 42 to 
press downwardly against the lip engaging portion 66 of the 
manipulators 17, 19. 

Next, handle portions 350, 352 of the manipulators 320, 
322 are grasped and pressed toward one another in direc­
tions 354, 356 from an initial orientation to an installation 

65 orientation. Because the manipulators 320, 322 are con­
nected to the lobes 306, 308, pressing the manipulator 
handle portions 350, 352 together deflects the intermediate 

With reference to FIGS. 19 and 20, an instrument, such as 
a screw driver 240, has a shaft 242 with a bone screw 16 
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portion 310 from the initial, curved configuration as shown 
in FIG. 24 to a flexed, straightened configuration as shown 

the manipulator 404 pivots in direction 420. With the 
surfaces 422, 424 abutting, continued squeezing of the 
handle portions 412 together moves the lobes 408 in direc-
tions 430 and straightens an intermediate portion 432. Once 
the bone plate 402 has been installed a user may bend, cut, 
or otherwise separate the manipulators 404, 406 from the 
bone plate body 408 at the frangible portions 410. 

With reference to FIGS. 32, and 33, a bone compression 
device 500 is provided having a resilient body 502 connect-

in FIG. 26. As the bone plate 302 flexes between the 
unflexed and flexed configurations, the intermediate portion 
310 remains between the planes defined by the upper and 5 

lower surfaces 311, 313 of the lobes 306, 308. With the bone 
plate 302 in the flexed configuration, a user may hold the 
manipulators 320, 322 in the installation orientation and 
keep the bone plate 302 in the flexed configuration with one 
hand, e.g., between a thumb and an index finger. 10 ing bone screws 504, 506. The resilient body 502 includes 

end portions 508, 510 secured to the bone screws 504, 506 
and an intermediate spring portion 512 configured to apply 
a compressive force to the bones connected to the bone 

With reference to FIGS. 27 and 28, the flexed bone plate 
302 has been positioned on bones (not shown) and bone 
screws 360 are advanced in direction 362 into through bores 
364 of the lobes 306, 308. Once the bone plate 302 has been 
secured to bones, the lobes 306, 308 may turn slightly about 15 

a bone screw head portion 364 as the intermediate portion 
310 bends back toward its curved, unflexed configuration 
and compresses the bones together via the bone screws 360. 

screws 504, 506. The bone screws 504, 506 have blind bores 
530 that receive the end portions 508, 510 of the resilient 
body 502. The bores 530 each have an upper portion with a 
hex drive configuration to accommodate a hex driver for 
driving the bone screws into 504, 506 into bone. 

With reference to FIG. 33, a top plan view of the body 502 
is provided showing the body 502 in an unflexed configu­
ration. The body 502 has straight portions 516, 518, 520 and 
curved portions 522, 524 connecting the straight portions 
516, 518, 520. To flex the body 502, the end portions 508, 
510 are moved apart from each other in directions 521, 523. 
This causes the elbow portions 522, 524 to elastically flex to 
a more open configuration as shown in FIG. 34. Further, one 
or more of the straight portions 516,518,520 may elastically 
deform in the lengthwise direction. 

To apply compression to bones, the bone screws 504, 506 

To accommodate this slight turning of the lobes 306, 308 
about the head portions 364, the head portions 360 may have 20 

a non-threaded outer surface 370. If desired, screw retention 
mechanisms may be provided to resist backout of the bone 
screws 360 from the through bores 364 while permitting this 
turning of the lobes 306,308 about the head portion 364. For 
example, the lobes 306, 308 may each have a lip extending 25 

about the through bore 364 that deflects out of the way of the 
bone screw 306 as the bone screw 306 is advanced into the 
through bore 364 and then snaps back over the head portion 
364 once the head portion 364 is seated within the through 
bore 364. 30 are driven into the bones and the end portions 508, 510 of 

the body 502 are moved apart from each other to shift the 
body 502 to the flexed configuration thereof as shown in 
FIG. 34. The end portions 508, 510 are held in their spaced 
orientation to keep the body 502 flexed and the end portions 

With reference to FIG. 29, once the bone plate 302 has 
been secured to the bones via the bone screws 360, the 
manipulators 320, 322 may be disconnected from the bone 
plate 302. For example, the projections 330 may be slid in 
direction 380 out of the recesses 326. At this point, the flexed 
intermediate portion 310 biases against the bone screws 360 
and compresses the bone screws 360 and bones connected 
thereto together as the intermediate portion returns toward 

35 508, 510 are then advanced into the bores 530 of the bone 
screws 504, 506 previously driven into the bones. The 
resilient body 502 biases against the bone screws 504, 506 
in directions 534, 536 as the body 502 returns toward its 

its initial, unflexed configuration. As the intermediate por­
tion 310 shifts from its straightened toward its curved 40 

configuration, the intermediate portion 310 travels along the 
outer surfaces of the bones rather than away from the outer 
surfaces of the bones as does the intermediate portion 20 of 

unflexed configuration and compresses the bones. 
With reference to FIG. 35, the bone compression device 

500 includes a retention mechanism 550 for maintaining the 
end portions 508, 510 in the bores 530 of the bone screws 
504, 506. In one approach, the retention mechanism 550 
includes a leading end portion 552 of the resilient body end the bone plate 12 (see FIG. 23). 

With reference to FIG. 30, a bone compression device 400 
is provided having a bone plate 402 that is similar in many 
respects to the bone plate 302 as discussed above. However, 
the bone plate 402 has an integrated installation instrument 
403 with manipulators 404, 406 that may be used to flex the 
bone plate 402 and then be removed from the bone plate 402 
after installation of the bone plate 402 onto bones. In one 
form, the manipulators 404, 406 are integrally formed with 
a body 408 of the bone plate 402. As used herein, the term 
"integral" is intended to refer to being formed as one piece 
with another part. 

With reference to FIG. 31, the manipulator 404 is con­
nected to the body 408 at a frangible portion 410. To deflect 
the bone plate 402 from an initial, unflexed configuration to 
a flexed, installation configuration, a user grasps handle 
portions 412 of the manipulators 404, 406 and squeezes the 
handle portions 412 together generally in direction 414. This 
pivots the manipulator 404 about the frangible portion 410 
in direction 420 and brings a surface 422 of the manipulator 
404 into contact with a surface 424 of the body 408. Stated 
differently, pivoting the manipulator 404 in direction 420 
closes a gap 426 between the surfaces 422, 424 with a 
distance 428 between the surfaces 422, 424, decreasing as 

45 portion 508. The leading end portion 552 has a cam surface 
554 and an enlarged portion 556 that snaps past a retention 
portion 558 of the bone screw 504. More specifically, the 
retention portion 558 includes an annular collar 564 having 
an upper surface 560 and a lower surface 562. Advancing the 

50 leading end portion 552 in direction 570 into the bore 530 
engages the cam surface 554 with the upper surface 560 of 
the collar 564. Continued advancing of the leading end 
portion 552 in direction 570 deflects the collar 564 and 
permits the enlarged portion 556 to snap past the collar 564. 

55 With the leading end portion 552 advanced past the collar 
564, an upper surface 574 of the leading end portion 552 is 
arranged to abut the lower surface 562 of the retention 
portion 558 and resist back out of the leading end portion 
552. In one approach, the leading end portion 508 has a 

60 smooth, volcano-shaped neck portion 580 spaced from the 
collar 564 with the leading end portion 552 captured in the 
bore 530 by the collar 564. The neck portion 580 permits the 
end portion 508 to turn within the bore 530 after installation 
of the bone compression device 500 which accommodates 

65 turning of the straight portion 520 in direction 582 (see FIG. 
34) relative to the bone screw 504 as the resilient body 502 
returns toward its unflexed configuration. The resilient body 
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end portion 508 and bone screw 504 thereby form a pivot 
connection therebetween that permits reconfiguring of the 
resilient body 502 back toward its unflexed configuration 
while maintaining the end portion 508 securely connected to 
the bone screw 5034. 

With reference to FIG. 36, a bone compression device 600 

12 
2. The surgical kit of claim 1 wherein the bone anchor 

receiving portions of the bone plate include lobes and the 
distal end portions of the manipulators includes sockets 
sized to receive the lobes. 

is provided that is similar in many respects to the bone 
compression device 500. The bone compression device 600 
includes a resilient body 602 having end portions 604, 606 
that are configured to be secured to bone screws 608, 610 
and a spring portion 612 intermediate the end portions 604, 
606. One difference between the resilient body 602 and the 
resilient body 502 is that the resilient body 602 has straight 
legs 614, 616 connecting the end portions 604, 606, and the 
spring portion 612. The straight legs 614, 616 reduce turning 
of the end portions 604, 606 relative to the bone screws 608, 
610 as the resilient body 602 returns toward its unflexed 
configuration. The straight legs 614, 616 reduce turning of 
the end portions 604, 606 relative to the bone screws 608, 
610 because elbow portions 620, 622 of the spring portion 
612 can flex and open as the resilient body 602 shifts toward 

3. The surgical kit of claim 1 wherein each of the 
manipulators includes a fulcrum portion and a leverage 
portion spaced apart from each other on opposite sides of the 
cannula of the manipulator, the fulcrum portion being con­
figured to contact an upper surface of one of the bone anchor 

10 receiving portions of the bone plate and the leverage portion 
being configured to contact a lower surface of the one bone 
anchor receiving portion. 

4. The surgical kit of claim 1 wherein the bone plate bone 

15 anchor receiving portions include lobes and the manipulator 
distal end portions include sockets sized to receive the lobes 
with the lobes and sockets being configured to form a 
mating, non-rotatable fit when the distal end portions of the 
manipulators are connected to the bone anchor receiving 

20 portions of the bone plate. 
5. The surgical kit of claim 1 wherein the bone plate 

includes a resilient intermediate portion connecting the bone 
anchor receiving portions and the intermediate portion has a 
straight shape with the bone plate in the flexed configuration 

its flexed configuration while the straight legs 614, 616 
remain generally aligned along an axis 630. The bone 
compression device 600 may have retention mechanisms 
that rigidly fix the resilient body 602 to the bone screws 608, 
610 since the end portions 608, 610 generally do not tum 
relative to the bone screws 608, 610 as the resilient body 602 
returns toward its unflexed configuration. 

25 thereof and a bent shape with the bone plate in the unflexed 
configuration thereof. 

6. The surgical kit of claim 1 wherein the unflexed 
configuration of the bone plate orients the bone anchor 
receiving portions of the bone plate to extend transverse to 

30 each other and the flexed configuration of the bone plate 
orients the bone anchor receiving portions of the bone plate 
to be coplanar with each other. 

The bone compression devices discussed above may be 
used in a variety of applications, such as hand and foot bone 
fragment and osteotomy fixation and joint arthrodesis, fixa­
tion of proximal tibial metaphysis osteotomy, and adjunctive 
fixation of small bone fragments. The bone compression 
devices may be used with bones such as the femur, humerus, 35 
clavicle, sternum, ribs, and pelvis. 

Those skilled in the art will recognize that a wide variety 
of modifications, alterations, and combinations can be made 
with respect to the above-described embodiments without 
departing from the spirit and scope of the invention, and that 40 
much modifications, alterations, and combinations are to be 
viewed as being within the ambit of the inventive concept. 

What is claimed is: 
1. A surgical kit comprising: 
a plurality of bone anchors; 
a bone plate having bone anchor receiving portions with 

through openings sized to receive the bone anchors, the 
bone plate having a flexed configuration and an 
unflexed configuration; 

a plurality of elongated manipulators having distal end 
portions configured to be connected to the bone anchor 
receiving portions of the bone plate and proximal end 
portions opposite the distal end portions; and 

45 

50 

7. A surgical kit comprising: 
a plurality of bone anchors; 
a bone plate having bone anchor receiving portions with 

through openings sized to receive the bone anchors, the 
bone plate having a flexed configuration and an 
unflexed configuration; 

a plurality of elongated manipulators having distal end 
portions configured to be connected to the bone anchor 
receiving portions of the bone plate and proximal end 
portions opposite the distal end portions; and 

cannulas of the manipulators extending between the distal 
and proximal end portions thereof and being aligned 
with the through bores of the bone plate when the distal 
end portions of the manipulators are connected to the 
bone anchor receiving portions of the bone plate, the 
cannulas being sized to permit the bone anchors to be 
advanced through the cannulas and into the through 
bores of the bone plate, 

wherein the bone plate bone anchor receiving portions 
include lobes and the bone plate includes a narrowed, 
intermediate portion extending between the lobes; and 

the distal end portions of the manipulators include sockets 
sized to receive the lobes of the bone plate and the 
sockets include notches that receive the intermediate 
portion of the bone plate. 

cannulas of the manipulators extending between the distal 55 

and proximal end portions thereof and being aligned 
with the through bores of the bone plate when the distal 
end portions of the manipulators are connected to the 
bone anchor receiving portions of the bone plate, the 
cannulas being sized to permit the bone anchors to be 
advanced through the cannulas and into the through 
bores of the bone plate, 

8. The surgical kit of claim 7 wherein the intermediate 
portion is resilient and has a straight shape with the bone 

60 plate in the flexed configuration thereof and a bent shape 

wherein the bone anchor receiving portions of the bone 
plate include lips and the distal end portions of the 
manipulators include side walls with openings therein 65 

sized to receive the lips of the bone anchor receiving 
portions. 

with the bone plate in the unflexed configuration thereof. 
9. A surgical kit comprising 
a plurality of bone anchors; 
a bone plate having bone anchor receiving portions with 

through openings sized to receive the bone anchors, the 
bone plate having a flexed configuration and an 
unflexed configuration; 
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a plurality of elongated manipulators having distal end 
portions configured to be connected to the bone anchor 
receiving portions of the bone plate and proximal end 
portions opposite the distal end portions; 

cannulas of the manipulators extending between the distal 
and proximal end portions thereof and being aligned 
with the through bores of the bone plate when the distal 
end portions of the manipulators are connected to the 
bone anchor receiving portions of the bone plate, the 
cannulas being sized to permit the bone anchors to be 10 

advanced through the cannulas and into the through 
bores of the bone plate; and 

a restraint having portions configured to be connected to 
the manipulators. 

10. The surgical kit of claim 9 wherein the portions of the 15 

restraint include openings sized to receive the proximal 
portions of the manipulators. 

11. A method of stabilizing a plurality of bones, the 
method comprising: 

pivoting manipulators connected to a bone plate to flex 20 

the bone plate; 
positioning the flexed bone plate adjacent bones; 
guiding bone anchors into through bores of the bone plate 

using the manipulators; and 
securing the flexed bone plate to the bones with the bone 25 

anchors. 
12. The method of claim 11 wherein guiding the bone 

anchors into the through bores of the bone plate using the 
manipulators includes advancing the bone anchors through 
cannulas of the manipulators and into the through bores of 30 

the bone plate. 
13. The method of claim 11 wherein the manipulators are 

connected to end portions of the bone plate having the 
through bores therein; and 

pivoting the manipulators to flex the bone plate includes 35 

flexing an intermediate portion of the bone plate 
between the end portions. 

14. The method of claim 11 wherein pivoting the manipu­
lators to flex the bone plate includes reconfiguring the bone 
plate from a bent configuration to a substantially flat con- 40 

figuration. 
15. The method of claim 11 wherein pivoting the manipu­

lators connected to the bone plate to flex the bone plate 
includes engaging distal portions of the manipulators with 
notched profiles of the bone plate and shifting proximal 45 

handle portions of the manipulators together. 
16. The method of claim 11 wherein positioning the flexed 

bone plate adjacent the bones using the manipulators 
includes positioning the bone plate using the manipulators 
while lobes of the bone plate are received in openings of the 50 

manipulators and the bone plate lobes and manipulators 
form mating, non-rotatable connections therebetween. 

17. The method of claim 11 wherein the manipulators are 
elongated and pivoting the manipulators to flex the bone 
plate includes pivoting the manipulators from a first orien- 55 

tation wherein the manipulators extend transverse to each 
other to a second orientation wherein the manipulators 
extend substantially parallel to each other. 

14 
18. The method of claim 11 further comprising connecting 

a restraint to the manipulators to fix the manipulators 
relative to each other while positioning the flexed bone plate 
adjacent the bones and guiding the bone anchors into the 
through bores of the bone plate using the manipulator. 

19. The method of claim 18 further comprising discon­
necting the restraint from the manipulators to permit the 
manipulators to move relative to each other and be discon­
nected from the bone plate. 

20. A method of stabilizing a plurality of bones, the 
method comprising: 

positioning a deformed bone plate adjacent bones using 
manipulators connected to the deformed bone plate; 

advancing bone anchors through cannulas of the manipu­
lators connected to the deformed bone plate and into 
through bores of the deformed bone plate; and 

driving the bone anchors into the bones to secure the 
deformed bone plate to the bones. 

21. The method of claim 20 wherein positioning the 
deformed bone plate adjacent the bones using the manipu­
lators includes keeping the cannulas of the manipulators 
aligned with the through bores of the deformed bone plate. 

22. The method of claim 20 wherein positioning the 
deformed bone plate adjacent the bones using the manipu­
lators includes maintaining end portions of the deformed 
bone plate having the through bores therein at least partially 
within openings of the manipulators. 

23. The method of claim 20 further comprising deforming 
the bone plate by moving the manipulators relative to each 
other. 

24. The method of claim 23 wherein deforming the bone 
plate includes reconfiguring the bone plate from a bent 
configuration to a substantially flat configuration. 

25. The method of claim 20 further comprising discon­
necting the manipulators from the deformed bone plate and 
permitting the deformed bone plate to urge the bones 
together. 

26. The method claim 20 further comprising fixing the 
manipulators relative to each other and keeping the manipu­
lators fixed relative to each other and connected to the 
deformed bone plate while positioning the deformed bone 
plate adjacent the bones and advancing bone anchors 
through the cannulas of the manipulators. 

27. The method of claim 26 wherein fixing the manipu­
lators relative to each other includes connecting a restraint to 
the manipulators. 

28. The method of claim 20 wherein advancing the bone 
anchors through cannulas of the manipulators and into the 
through bores of the deformed bone plate includes connect­
ing a driver instrument to one of the bone anchors and 
advancing the connected driver and bone anchor through the 
cannula of one of the manipulators. 

29. The method of claim 20 further comprising providing 
the deformed bone plate, wherein providing the deformed 
bone plate includes chilling the bone plate. 

* * * * * 
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