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POLYAXIAL LOCKING MECHANISM

CLAIM OF PRIORITY
[0001] This application claims the benefit of U.S. Patent Application Serial No.
14/025,267, filed on September 12, 2013 and also claims the benefit of U.S.
Provisional Patent Application Serial No. 61/865,247, filed on August 13, 2013, the
benefit of priority of each of which is claimed hereby, and each of which are
incorporated by reference herein in its entirety.

BACKGROUND

[0002] The present patent application relates to locking mechanisms, and, more
particularly, to polyaxial locking mechanisms for surgical components such as bone
plates.
[0003] In certain orthopedic surgical procedures, it is necessary to secure multiple
bones or bone portions relative to each other. For example, in wrist or ankle
surgeries, the joining of two or more bone portions or fragments may be required to
promote healing and restore function. The need for such procedures may be the
result of physical trauma from fractures or dislocations, degenerative diseases, or
the like.
[0004] Various types of bone plate systems can be used for internal fixation of
bones. Exemplary bone plate systems can include a bone plate that is configured to
be attached to one or more bone portions spanning a fracture line. The bone plate
generally includes a plurality of apertures through which bone screws and/or bone
pegs are inserted for engaging the bone. In an example, the bone plate systems can
include locking screws, which can be adapted for locking in corresponding plate
apertures in a fixed orientation. An advantage of “locked plating” systems is that
they do not require the bone plate to be compressed to the bone. Rather, the
interface formed between the bone plate and the locking screws can eliminate the
need for compression between the plate and the bone. In another example, the bone
plate systems can include non-locking screws, which can be configured for insertion

at an orientation selected by the user. Unlike “locked plating” systems, “non-locked
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plating” systems rely on the friction formed between the bone plate and the bone
when the screw is inserted through the bone plate and tightened.
[0005] Although numerous bone plate systems exist for use in orthopedic surgical
procedures, there is still a need for improved bone plate systems that provide the
locking characteristics associated with traditional locking screws as well as the
variable screw orientation associated with traditional non-locking screws.
OVERVIEW
[0006] To better illustrate the cleaning system disclosed herein, a non-limiting list
of examples is provided here:
[0007] In Example 1, a bone plate system can be provided that includes a bone plate
having a first surface and a second surface, the bone plate including at least one
threaded aperture, the threaded aperture being tapered between the first surface and
the second surface. The bone plate system further includes at least one fastener
including an clongate shaft and a threaded head, the threaded head being tapered
between a proximal end of the threaded head and a distal end of the threaded head,
wherein a plurality of circumferentially spaced recesses are formed in the threaded
head and define a plurality of threaded tabs. The at least one fastener is configured
for insertion within the at least one threaded aperture at a plurality of different
insertion angles while achieving a locking engagement between the threaded head
and the threaded aperture.
[0008] In Example 2, the bone plate system of Example 1 is optionally configured
such that a first taper angle is formed between a longitudinal axis of the threaded
aperture and an internally threaded surface of the threaded aperture, and a second
taper angle is formed between a longitudinal axis of the threaded head and an
externally threaded surface of the threaded head, wherein the first taper angle is
greater than the second taper angle.
[0009] In Example 3, the bone plate system of Example 2 is optionally configured
such that the first taper angle is between about 10 degrees and about 20 degrees, and
the second taper angle is between about 5 degrees and about 15 degrees.
[0010] In Example 4, the bone plate system of any one of or any combination of

Examples 2-3 is configured such that the plurality of recesses extend from the
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proximal end to the distal end of the threaded head in a direction that is substantially
parallel to the longitudinal axis of the threaded head.

[0011] In Example 5, the bone plate system of any one of or any combination of
Examples 2-4 is optionally configured such that the internally threaded surface of
the threaded aperture includes double lead threads.

[0012] In Example 6, the bone plate system of any one of or any combination of
Examples 1-5 is optionally configured such that the threaded aperture includes
internal threads defining a first pitch, and the threaded head includes external
threads defining a second pitch.

[0013] In Example 7, the bone plate system of Example 6 is optionally configured
such that the first pitch and the second pitch are the same.

[0014] In Example 8, the bone plate system of Example 6 is optionally configured
such that the first pitch and the second pitch are different.

[0015] In Example 9, the bone plate system of any one of or any combination of
Examples 1-8 is optionally configured to include three or more recesses in the
threaded head.

[0016] In Example 10, the bone plate system of any one of or any combination of
Examples 1-9 is optionally configured such that a circumference of the threaded
head includes a threaded circumference portion defined by the threaded tabs and a
non-threaded circumference portion defined by the recesses, wherein the threaded
circumference portion is greater than the non-threaded circumference portion.
[0017] In Example 11, the bone plate system of any one of or any combination of
Examples 1-10 is optionally configured such that the threaded head is at least
partially formed from a first material that is softer than a second material of the
bone plate such that the threaded head can deform during insertion within the
threaded aperture of the bone plate.

[0018] In Example 12, a bone plate system can be provided that includes a bone
plate including at least one tapered aperture having a longitudinal axis and a
threaded internal surface, the tapered aperture defining a first taper angle between
the longitudinal axis of the tapered aperture and the threaded internal surface. The

bone plate system further includes at least one fastener including an elongate shaft
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and a tapered head having a threaded external surface and a longitudinal axis, the
tapered head defining a second taper angle between the longitudinal axis of the
tapered head and the threaded external surface, wherein a plurality of
circumferentially spaced recesses are formed in the tapered head and define
interruptions in the threaded external surface of the tapered head. The first taper
angle of the tapered aperture is greater than the second taper angle of the tapered
head such that the at least one fastener can be inserted within the at least one tapered
aperture at a plurality of different insertion angles.

[0019] In Example 13, the bone plate system of Example 12 is optionally
configured such that the first taper angle is between about 10 degrees and about 20
degrees, and the second taper angle is between about 5 degrees and about 15
degrees.

[0020] In Example 14, the bone plate system of any one of or any combination of
Examples 12-13 is optionally configured such that the interruptions in the threaded
external surface of the tapered head define a plurality of threaded tabs on the tapered
head.

[0021] In Example 15, the bone plate system of Example 14 is optionally
configured such that a circumferential surface area defined by the threaded tabs is
greater than a circumferential surface area defined by the recesses in the tapered
head.

[0022] In Example 16, the bone plate system of any one of or any combination of
Examples 12-15 is optionally configured such that the threaded internal surface of
the tapered aperture includes threads defining a first pitch and the threaded external
surface of the tapered head includes threads defining a second pitch, wherein the
first pitch and the second pitch are the same.

[0023] In Example 17, the bone plate system of any one of or any combination of
Examples 12-15 is optionally configured such that the threaded internal surface of
the tapered aperture includes threads defining a first pitch and the threaded external
surface of the tapered head includes threads defining a second pitch, wherein the

first pitch and the second pitch are different.
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[0024] In Example 18, a polyaxial locking mechanism can be provided that includes
at least one tapered aperture formed in a component, wherein the tapered aperture
includes an internally threaded surface. The polyaxial locking mechanism further
includes at least one fastener configured for insertion within the at least one tapered
aperture at a plurality of different insertion angles, the at least one fastener including
an clongate shaft and a tapered head, wherein a plurality of circumferentially spaced
recesses are formed in the tapered head and define a plurality of threaded tabs. The
tapered head includes a threaded surface area portion defined by the threaded tabs
and a non-threaded surface area portion defined by the recesses, wherein the
threaded surface area portion is greater than the non-threaded surface area portion.
[0025] In Example 19, the polyaxial locking mechanism of Example 18 is
optionally configured such that the internally threaded surface of the tapered
aperture includes double lead threads.
[0026] In Example 20, the polyaxial locking mechanism of any one of or any
combination of Examples 18-19 is optionally configured such that the tapered head
is at least partially formed from a first material that is softer than a second material
of the component such that the tapered head can deform during insertion within the
tapered aperture of the component.
[0027] In Example 21, the bone plate system or polyaxial locking mechanism of
any one of or any combination of Examples 1-20 is optionally configured such that
all elements or options recited are available to use or select from.
[0028] This overview is intended to provide an overview of subject matter of the
present patent application. It is not intended to provide an exclusive or exhaustive
explanation of the invention. The detailed description is included to provide further
information about the present patent application.

BRIEF DESCRIPTION OF THE DRAWINGS
[0029] In the drawings, which are not necessarily drawn to scale, like numerals may
describe similar components in different views. Like numerals having different
letter suffixes may represent different instances of similar components. The
drawings illustrate generally, by way of example, but not by way of limitation,

various embodiments discussed in the present document.
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[0030] FIGS. 1A and 1B are perspective and side views, respectively, of a bone

plate system in accordance with at least one example of the present disclosure.

[0031] FIGS. 2A and 2B are cross-sections of the perspective and side views of

FIGS. 1A and 1B, respectively, in accordance with at least one example of the

present disclosure.

[0032] FIG. 3 is a top view of the bone plate system in accordance with at least one

example of the present disclosure.

[0033] FIG. 4 is a cross-sectional view of a threaded aperture of the bone plate

system in accordance with at least one example of the present disclosure.

[0034] FIG. 5 is an enlarged cross-sectional view of a portion of the threaded

aperture of FIG. 4.

[0035] FIG. 6 is a side view of a locking fastener in accordance with at least one

example of the present disclosure.

[0036] FIG. 7 is a proximal end view of the locking fastener in accordance with at

least one example of the present disclosure.

[0037] FIG. 8 is a cross-sectional view of a portion of the locking fastener in

accordance with at least one example of the present disclosure.

[0038] FIG. 9 depicts the locking fastener at an on-axis insertion angle of 0 degrees

in accordance with at least one example of the present disclosure.

[0039] FIG. 10 depicts the locking fastener inserted at an off-axis, non-zero

insertion angle in accordance with at least one example of the present disclosure.
DETAILED DESCRIPTION

[0040] The present patent application generally relates to bone plate systems having

a polyaxial locking relationship between at least one fastener and at least one

aperture in a bone plate. The bone plate system can include any type of bone plate

configured for attachment to one or more bones, bone portions, or bone fragments,

such as bones of a patient’s extremities. In certain examples, the bone plate can be

configured for attachment to a hand, a wrist, a foot, an ankle, or a spine. The at

least one fastener of the bone plate system can be configured for insertion in the at

least one aperture in a plurality of different insertion angles defining a plurality of

different axes, i.c., the at least one fastener can be “polyaxial.” An externally
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threaded head surface of the at least one fastener can be configured to engage an
internally threaded aperture surface of the at least one aperture to provide a locking
engagement between the at least one fastener and the bone plate. An advantage of
such “locked plating” systems can be that they do not require the bone plate to be
compressed to the bone upon implantation due to the interface formed between the
bone plate and the head of the fastener.

[0041] For purposes of example only, the bone plate system of the present
disclosure is described with reference to a fastener in the form of a bone screw
having a threaded head and a threaded shaft. However, numerous other types of
fasteners can be used in place of or in addition to a bone screw, such as a bone peg
having a threaded head and a non-threaded shaft. Thus, bone screws are described
merely for purposes of example and not limitation, and the scope of the present
disclosure covers any fastener that allows for polyaxial insertion and locking
engagement with a bone plate.

[0042] FIGS. 1A and 1B are perspective and side views, respectively, of a bone
plate system 10 in accordance with at least one example of the present disclosure.
As illustrated in FIG. 1, the bone plate system 10 can include a bone plate 12 having
a proximal end 14, a distal end 16, a stem portion 18, and a head portion 20. With
reference to FIG. 1B, the bone plate 12 can include a bone contacting first surface
22 configured for placement against one or more bones in a patient’s body, and a
second surface 24 generally opposing the first surface 22.

[0043] At least one of the stem portion 18 and the head portion 20 can include one
or more internally threaded apertures 26 extending between the first surface 22 and
the second surface 24 of the bone plate 12 and configured to receive a locking
fastener (e.g., a fastener with a threaded head), as will be discussed in further detail
below. FIG. 1A depicts two threaded apertures 26 in the stem portion 18 and six
threaded apertures 26 in the head portion 20 merely for purposes of example and not
limitation. Thus, bone plates having one or more threaded apertures are
contemplated and within the scope of the present disclosure. Although not shown in
FIGS. 1A and 1B, the bone plate 12 can include one or more non-threaded apertures

configured to receive a non-locking fastener (e.g., a fastener with a non-threaded
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head). Furthermore, the threaded apertures 26 can also receive non-locking
fasteners.

[0044] In various examples, the bone plate 12 can also include one or more
clongated slots 28 and one or more K-wire holes 30. In an example, during initial
fixation and placement of the bone plate 12, each elongated slot 28 can be
configured to receive a fastener. The fastener can be loosely tightened in place on
the bone to allow for longitudinal adjustment of the bone plate 12 to the final,
desired position. Once the desired position has been achieved, the fastener can be
further tightened within the elongated slot 28. In an example, the K-wire holes 30
can be configured for insertion of K-wires at various angles in order to temporarily
fix the bone plate 12 to the underlying bone or to target bone fragments. The K-
wires can be removed from the K-wire holes 30 after the bone plate 12 is secured to
the bone, such as after inserting a fastener into one or more of the internally
threaded apertures 26.

[0045] As further illustrated in FIGS. 1A and 1B, the threaded apertures 26 can be
configured to receive a locking fastener 32 (only one being shown). The locking
fastener 32 can include an externally threaded head 34 configured to engage the
internally threaded aperture 26. As will be discussed in further detail below, the
locking fastener 32 can be inserted into the threaded aperture 26 in a plurality of
different insertion angles while achieving a locking engagement between the
threaded head 34 and the threaded aperture 26. The locking fastener 32 can further
include an elongate shaft 36 configured for insertion within a bone underlying the
plate 12. In an example, the elongate shaft 36 can include one or more external
threads 38, as shown in FIGS. 1A and 1B. This type of locking fastener can be
generally referred to as a “locking screw.” In other examples, the elongate shaft 36
can include a substantially smooth outer surface (i.c., no external threads). This
type of locking fastener can be generally referred to as a “locking peg.”

[0046] FIGS. 2A and 2B are cross-sections of the perspective and side views of
FIGS. 1A and 1B, respectively, in accordance with at least one example of the
present disclosure. As illustrated in FIGS. 2A and 2B, each of the threaded
apertures 26 can define a longitudinal axis 40 extending through the threaded
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aperture 26 between the first surface 22 and the second surface 24 of the bone plate
12. The longitudinal axis 40 can represent the “centerline” of the threaded aperture
26 and is therefore dependent on the orientation in which the threaded aperture 26 is
formed in the bone plate 12. In various examples, the threaded aperture 26 can be
formed in the bone plate 12 such that it extends generally perpendicular to the first
surface 22 and the second surface 24, or the threaded aperture 26 can be formed in
the bone plate 12 such that it extends at a non perpendicular angle relative to the
first surface 22 and the second surface 24. Regardless of the orientation of the
threaded aperture 26, the longitudinal axis 40 defines only one of the axes along
which the locking fastener 32 can be inserted. Thus, the threaded aperture 26 and
the locking fastener 32 can define a “polyaxial” fastening system wherein the
locking fastener 32 can be inserted into the threaded aperture 26 in a plurality of
different insertion angles relative to the longitudinal axis 40 of the aperture while
achieving a locking engagement between the thread head 34 and the threaded
aperture 26. An example of this polyaxial locking capability is illustrated in FIGS.
2A and 2B, wherein the elongate shaft 36 of the locking fastener 32 does not extend
along the longitudinal axis 40 of the corresponding threaded aperture 26, but instead
forms an angle with the longitudinal axis 40 while maintaining a locking connection
between the externally threaded head 34 and the internally threaded aperture 26.
[0047] FIG. 3 is a top view of the bone plate system 10 in accordance with at least
one example of the present disclosure further illustrating the longitudinal axes 40 of
the threaded apertures 26 of FIGS. 2A and 2B. As shown in FIG. 3, the threaded
apertures 26 can be oriented in different directions along the bone plate 12. In an
example, the orientations of the threaded apertures 26 can represent common or
“default” orientations that have been found to result in secure attachment of the
bone plate 12 to the underlying bones and/or bone fragments. Thus, a surgeon can
choose to insert the locking fastener 32 along the longitudinal axis 40 of a selected
aperture 26 and achieve a locking engagement between the externally threaded head
34 of the locking fastener 32 and the internally threaded aperture 26. However, if
the “default” orientation is not desirable for one or more reasons, then the surgeon

can choose to utilize the polyaxial capabilities of bone plate system 10 and insert the
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locking fastener 32 into the threaded aperture 26 at an off-axis insertion angle. The
structure of the threaded apertures 26 and the locking fasteners 32 that allows for
such polyaxial locking capabilities will be further described with reference to FIGS.
4-10.

[0048] FIG. 4 is a cross-sectional view of one of the threaded apertures 26 in the
bone plate 12 taken along line 4-4 of FIG. 3. As illustrated in FIG. 4, the threaded
aperture 26 can include an internally threaded surface 46 comprising one or more
helical threads. The internally threaded surface 46 can include any thread pitch
suitable for mating with the externally threaded head 34 of the locking fastener 32.
In an example, the thread pitch can be between about 0.02 inches and about 0.06
inches, such as about 0.039 inches.

[0049] As further illustrated in FIG. 4, the threaded aperture 26 can be a tapered
aperture, such as a conical tapered aperture. The threaded aperture 26 can have a
first opening 48 having a first internal diameter ID1 and a second opening 50 having
a second internal diameter ID2 that is larger than the first internal diameter ID1. In
an example, the first internal diameter ID1 can be about 0.130 inches and the second
internal diameter ID2 can be about 0.170 inches. A taper angle A can be defined
between the longitudinal axis 40 and the internally threaded surface 46 of the
threaded aperture 26. Although any suitable taper angle A can be used, suitable
taper angles A can be between about 5 degrees and about 25 degrees, and more
particularly between about 10 degrees and about 20 degrees, such as about 14
degrees.

[0050] With further reference to FIG. 4, the threaded aperture 26 can include a
recess or counterbore in one or more of the first surface 22 and the second surface
24. For example, the bone plate 12 of FIG. 4 includes a counterbore 52 in the first
surface 22. However, the counterbore 52 could alternatively be formed in the
second surface 24, or a pair of counterbores 52 could be formed in the first surface
22 and the second surface 24. The one or more counterbores 52 can be configured
to improve repeatability of polyaxial locking performance and allow the threaded

aperture 26 to be more easily inspected after manufacture.

10
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[0051] FIG. 5 is an enlarged cross-sectional view of a portion of the threaded
aperture 26 of FIG. 4. In various examples within the scope of the present
disclosure, the internally threaded surface 46 of the threaded aperture 26 can define
a single lead or multiple leads. The threaded aperture 26 of FIGS. 4 and 5 illustrates
a double lead with start points spaced apart by about 180 degrees.

[0052] The internally threaded surface 46 can include V-shaped threads defining a
series of roots 60 and crests 62 and having an internal thread angle T1. The thread
angle T1 can be selected such that it is consistent with commercially available
tooling, such as 60 degrees (UN threads) or 29 degrees (ACME threads). However,
various other non-standard thread angles can be used. In the present example of the
bone plate 12, the internal thread angle T1 is about 60 degrees. A thread height H1
of the threads of the internally threaded surface 46 can be defined between one of
the roots 60 and an adjacent one of the crests 62. As illustrated in FIG. 5, the roots
60 and/or the crests 62 can be truncated to avoid the formation of a “sharp” V-
shape. A perfectly sharp 60 degree V-thread generally includes a thread height
equal to about 0.866 of the pitch. However, with truncated threads, the thread
height decreases. In an example, the thread height H1 can be between about 0.008
inches and about 0.015 inches, such as about 0.0118 inches.

[0053] FIG. 6 is a side view of the locking fastener 32 in accordance with at least
one example of the present disclosure. As illustrated in FIG. 6, the threaded head 34
of the locking fastener 32 can include an externally threaded surface 70 comprising
one or more helical threads. The externally threaded surface 70 can include any
thread pitch suitable for mating with the internally threaded surface 46 of the
threaded aperture 26. In an example, the thread pitch may be between about 0.02
inches and about 0.06 inches, such as about 0.039 inches. The thread pitch of the
externally threaded surface 70 of the threaded head 34 can be substantially identical
to the thread pitch of the internally threaded surface 46 of the threaded aperture 26.
However, the thread pitch between the threaded head 34 of the locking fastener 32
and the threaded aperture 26 of the bone plate 12 can be varied such that there is a

mismatch between thread pitches. In an example, a mismatch between thread

11
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pitches can increase the locking strength by increasing the contact area on the flanks
of the threads in the externally threaded surface 70.

[0054] In various examples within the scope of the present disclosure, the externally
threaded surface 70 of the threaded head 34 can define a single lead or multiple
leads. Similar to the threaded aperture 26 of FIGS. 4 and 5, the threaded head 34 of
FIG. 6 illustrates a double lead with start points spaced apart by about 180 degrees.
[0055] The threaded head 34 can include a proximal end 72 and a distal end 74. A
non-threaded transition region 76 can be provided between the threaded head 34 and
the elongate shaft 36 adjacent to the distal end 74 of the threaded head 34. As
further illustrated in FIG. 6, the threaded head 34 can include one or more recesses
78 circumferentially spaced around the threaded head 34 and defining a plurality of
threaded tabs 80. In an example, the one or more recesses 78 can be formed by
creating tangential cuts in the externally threaded surface 70 of the threaded head
34. The tangential cuts can have a depth sufficient to completely remove the
threads in the area of the recess 78 such that a substantially smooth recessed surface
is created. Alternatively, the recess 78 can be formed to a depth that retains the
threads in the area of the recess 78, albeit at a reduced height (between a root and a
crest of the thread).

[0056] Each of the one or more recesses 78 can extend in a direction 81 at least
partially between the proximal end 72 and the distal end 74 of the threaded head 34
that can be substantially parallel to a longitudinal axis 82 of the locking fastener 32.
The longitudinal axis 82 can extend through a center of the threaded head 34 and a
center of the clongate shaft 36. Thus, the longitudinal axis 82 can alternatively be
defined as the longitudinal axis of the threaded head 34 or the longitudinal axis of
the elongate shaft 36. In other examples, at least one of the one or more recesses 78
can extend in a direction 81 between the proximal end 72 and the distal end 74 of
the threaded head 34 that forms a non-zero angle with, and is therefore not parallel
to, the longitudinal axis 82 of the locking fastener 32. Thus, the one or more
recesses 78 can extend in a direction that forms a non-perpendicular angle with a
plane defined along the proximal end 72 of the threaded head 34 and a plane defined
along the distal end 74 of the threaded head 34 (i.c., a “slanted” recess).

12
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[0057] With further reference to FIG. 6, a distal end 84 of the elongate shaft 36 can
include a self-tapping tip 86 comprising one or more flutes. The self-tapping tip 86
can provide the locking fastener 32 with the ability to advance in a longitudinal
direction when being turned, while at the same time creating its own thread in the
bone. In other examples, the elongate shaft 36 does not include a self-tapping tip
86, and the bone can be pre-drilled prior to insertion of the locking fastener 32.
[0058] The one or more external threads 38 on the elongate shaft 36 can have the
same pitch and the same lead as the externally threaded surface 70 of the threaded
head 34. In other examples, the one or more external threads 38 can have a pitch
and/or a lead that is different than the externally threaded surface 70, such as a
double lead on the threaded head 34 and a single lead on the elongate shaft 36.
[0059] FIG. 7 is a proximal end view of the locking fastener 32 of FIG. 6 in
accordance with at least one example of the present disclosure. As illustrated in
FIG. 7, the threaded head 34 of the locking fastener 32 can include a drive interface
90, such as a female drive interface configured to mate with a male drive interface
on a driver device. In an example, as shown in FIG. 7, the drive interface 90 can be
a hexalobe drive interface. However, any suitable drive interface 90 can be used
including, but not limited to, a hex drive interface, a double hex drive interface, a
pentagon drive interface, a square drive interface, a slotted drive interface, a cross-
recess drive interface, a Phillips drive interface, a Frearson drive interface, a
Mortorq drive interface, a Pozidriv drive interface, a Supadriv drive interface, a
Phillips/square drive interface, a pentalobe drive interface, a polydrive interface, or
a spline drive interface.

[0060] As discussed above, the threaded head 34 of the locking fastener 32 can
include one or more recesses 78. In the example illustrated in FIG. 7, the threaded
head 34 includes three recesses 78 spaced circumferentially around a perimeter of
the threaded head 34 by an angle R of about 120 degrees. In various examples, a
larger or smaller number of recesses 78 can be included, such as between 2 recesses
and 5 recesses. The angular spacing can be, but is not necessarily, equal between
adjacent recesses 78. Thus, in an example, the angle R defined between adjacent

recesses 78 can be determined from the equation (R = 360 degrees / X), where X is
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the total number of recesses in the threaded head 34. However, the recesses 78 can
be non-uniformly spaced such that at least one of the angles R has a value different
than at least one of the other angles R.

[0061] As illustrated in FIG. 7, a circumference of the threaded head 34 can be
divided into a plurality of threaded circumference portions 92A and a plurality of
non-threaded circumference portions 92B (or circumference portions having a
reduced thread height as discussed above). Particularly, the non-threaded
circumference portions 92B can be defined by the portions of the externally
threaded surface 70 that have been removed by the recesses 78, and the threaded
circumference portions 92A can be defined by the remaining portions of the
externally threaded surface 70. Thus, the threaded circumference portions 92A and
the non-threaded circumference portions 92B can be viewed in terms of the
circumferential widths of these portions around the threaded head 34 (in a plane
perpendicular to the longitudinal axis 82 of the locking fastener 32), or in terms of
the circumferential surface areas of these portions determined by factoring in the
circumferential widths and the lengths of the portions between the proximal end 72
of the threaded head 34 and the distal end 74 of the threaded head 34 (see FIG. 6).
Regardless of whether the threaded circumference portions 92A and the non-
threaded circumference portions 92B are viewed as circumferential widths or
circumferential surface areas, in an example, the removed “circumference” of the
recesses 78 can be less than the remaining “circumference” of the tabs 80 as
depicted in FIGS. 6 and 7. In other examples, however, the removed
“circumference” of the recesses 78 can be equal to or greater than the remaining
“circumference” of the tabs 80.

[0062] FIG. 8 is a cross-sectional view of a portion of the locking fastener 32 taken
along line 8-8 of FIG. 6. As illustrated in FIG. 8, the threaded head 34 can be a
tapered head, such as a conical tapered head. The threaded head 34 can have a first
external diameter EDI1 at the distal end 74 and a second external diameter ED2 at
the proximal end 72 that is larger than the first external diameter ED1. In an
example, the first external diameter ED1 can be about 0.132 inches and the second

external diameter ED2 can be about 0.157 inches. A taper angle B can be defined
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between the longitudinal axis 82 of the locking fastener 32 and the externally
threaded surface 70 of the threaded head 34. Although any suitable taper angle B
can be used, suitable taper angles A can be between about 2 degrees and about 20
degrees, and more particularly between about 5 degrees and about 15 degrees, such
as about 10 degrees.

[0063] As previously described, the threaded aperture 26 of the bone plate 12 and
the locking fastener 32 can define a “polyaxial” fastening system wherein the
locking fastener 32 can be inserted into the threaded aperture 26 in a plurality of
different insertion angles relative to the longitudinal axis 40 of the aperture while
achieving a locking engagement between the threaded head 34 and the threaded
aperture 26. The ability of the locking fastener 32 to be received within the
threaded aperture 26 at a plurality of different insertion angles can result from, at
least in part, the “mismatch” in taper angles between the internally threaded aperture
26 and the externally threaded head 34 of the locking fastener 32. More
particularly, the taper angle B of the threaded head 34 can be configured such that it
is smaller than the taper angle A of the threaded aperture 26, thereby allowing
insertion of the locking fastener 32 in a range of insertion angles. Furthermore, the
larger taper angle A in the bone plate 12 can create more congruence between the
internally threaded aperture 26 and the externally threaded head 34 of the locking
fastener 32 as the insertion angles of the locking fastener 32 become larger. This can
be important because the locking strength is typically reduced as the insertion angle
of a locking fastener is increased.

[0064] The particular range of insertion angles can depend on, for example, the
magnitude of the mismatch in taper angles between the threaded aperture 26 and the
threaded head 34. In various examples, the range of insertion angles (relative to the
longitudinal axis 40 of the threaded aperture 26) can be between 0 degrees and
about 30 degrees, such as between 0 degrees and about 15 degrees.

[0065] The externally threaded surface 70 can include V-shaped threads defining a
series of roots 100 and crests 102 and having an internal thread angle T2. Similar to
the thread angle T1 of the threaded aperture 26, the thread angle T2 can be selected

such that it is consistent with commercially available tooling, such as 60 degrees
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(UN threads) or 29 degrees (ACME threads), although various other non-standard
thread angles can be used. In the present example of the locking fastener 32, the
thread angle T2 of the threaded head 34 can be substantially equal to the thread
angle T1 of the threaded aperture 26, or about 60 degrees. A thread height H2 of
the threads of the externally threaded surface 70 can be defined between one of the
roots 100 and an adjacent one of the crests 102. As illustrated in FIG. 8, the roots
100 and/or the crests 102 can once again be truncated to avoid the formation of a
“sharp” V-shape. In an example, the thread height H2 can be between about 0.009
inches and about 0.020 inches, such as about 0.0137 inches.

[0066] FIGS. 9 and 10 are cross-sectional views of a portion of the bone plate
system 10 illustrating the polyaxial locking capability of the locking fastener 32 and
the threaded aperture 26 of the bone plate 12. In particular, FIG. 9 depicts the
locking fastener 32 at an insertion angle of 0 degrees, wherein the longitudinal axis
82 of the locking fastener 32 is aligned with the longitudinal axis 40 of the threaded
aperture 26. In the straight on-axis insertion shown in FIG. 9, at least a portion of
the externally threaded surface 70 of the threaded head 34 can engage at least a
portion of the internally threaded surface 46 of the threaded aperture 26 such that
the threads are aligned an no cross-threading occurs. During on-axis insertion of the
locking fastener 32, there can be continuous contact between the externally threaded
surface 70 of the locking fastener 32 and the internally threaded surface 46 of the
threaded aperture 26. The counterbore 52 in the first surface 22 of the bone plate 12
can be configured to receive a thread portion of the externally threaded surface 70
after insertion through the threaded aperture 26.

[0067] FIG. 10 depicts the locking fastener 32 inserted at an off-axis, non-zero
insertion angle relative to the longitudinal axis 40 of the threaded aperture 26. In
particular, the longitudinal axis 82 of the locking fastener 32 can define an insertion
angle C with the longitudinal axis 40 of the threaded aperture 26. As discussed
above, the particular range of insertion angles C can depend on factors such as, for
example, the magnitude of the mismatch in taper angles between the threaded

aperture 26 and the threaded head 34. In various examples, the range of insertion
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angles C can be between 0 degrees and about 30 degrees, such as between 0 degrees
and about 15 degrees as depicted in FIGS. 9 and 10.

[0068] When the locking fastener 32 is inserted into the threaded aperture 26 at an
off-axis, non-zero insertion angle C, the threaded tabs 80 defined by the recesses 78
in the threaded head 34 (see FIG. 6) can deform to seat into the threaded surface 46
of the aperture 26. This deformation of the threaded tabs 80 can couple with hoop
stresses caused by the off-axis insertion to create a lock between the threaded head
34 and the threaded aperture 26. In view of the foregoing, by providing a larger
taper angle in the threaded aperture 26 of the bone plate 12 than on the threaded
head 34 of the locking fastener 32, and by further providing a plurality of threaded
tabs 80 on the threaded head 34, the locking fastener 32 can be inserted into the
threaded aperture at a plurality of different off-axis insertion angles while
maintaining congruence between the internally threaded surface 46 of the threaded
aperture 26 and the externally threaded surface 70 of the threaded head 34, even at
large off-axis angles of 15 degrees or more.

[0069] Unlike the on-axis insertion illustrated in FIG. 9, when the locking fastener
32 is inserted off-axis as illustrated in FIG. 10, a portion of the externally threaded
surface 70 of the threaded head 34 that is disposed within the threaded aperture 26
may not actually engage the internally threaded surface 46 of the aperture 26. Even
though there may not be continuous contact between the externally threaded surface
70 of the locking fastener 32 and the internally threaded surface 46 of the threaded
aperture 26, the off-axis threaded engagement can still maintain a locked coupling
engagement between the components.

[0070] The bone plate 12 and the locking fastener 32 can be formed from any
suitable medical-grade material. Exemplary materials can include, but are not
limited to, stainless steel, titanium, and cobalt based alloys. The bone plate 12 and
the locking fastener 32 can be formed from the same material or at least partially
from different materials. One or both of the locking fastener 32 and the bone plate
12 can be anodized or hard-coated to reduce insertion torque of the locking fastener
32 into the threaded aperture 26. An example of a suitable coating can be Titanium

Nitride (TiN).
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[0071] The materials and coatings for the bone plate 12 and the locking fastener 32
can be mismatched to facilitate selective deformation of one component relative to
the other. In an example, the threaded head 34 of the locking fastener 32 can be
formed from a material and/or include a coating that is softer than the bone plate 12
to allow deformation of the threaded head 34 during insertion. Such a design can
allow a first locking fastener to be removed and replaced with a second locking
fastener without any damage to the threaded aperture in the bone plate.

[0072] The above Detailed Description includes references to the accompanying
drawings, which form a part of the detailed description. The drawings show, by
way of illustration, specific embodiments in which the invention can be practiced.
These embodiments are also referred to herein as “examples.” Such examples can
include elements in addition to those shown or described. However, the present
inventors also contemplate examples in which only those elements shown or
described are provided. Moreover, the present inventors also contemplate examples
using any combination or permutation of those elements shown or described (or one
or more aspects thereof), either with respect to a particular example (or one or more
aspects thereof), or with respect to other examples (or one or more aspects thereof)
shown or described herein.

[0073] In the event of inconsistent usages between this document and any
documents so incorporated by reference, the usage in this document controls.

[0074] In this document, the terms “a” or “an’ are used, as is common in patent
documents, to include one or more than one, independent of any other instances or
usages of “at least one” or “one or more.” In this document, the term “or” is used to
refer to a nonexclusive or, such that “A or B” includes “A but not B,” “B but not
A,” and “A and B,” unless otherwise indicated. In this document, the terms
“including” and “in which” are used as the plain-English equivalents of the
respective terms “comprising” and “wherein.” Also, in the following claims, the
terms “including” and “comprising” are open-ended, that is, a system, device,
article, composition, formulation, or process that includes elements in addition to
those listed after such a term in a claim are still deemed to fall within the scope of

2% ¢

that claim. Moreover, in the following claims, the terms “first,” “second,” and
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“third,” etc. are used merely as labels, and are not intended to impose numerical
requirements on their objects.

[0075] The above description is intended to be illustrative, and not restrictive. For
example, the above-described examples (or one or more aspects therecof) may be
used in combination with each other. Other embodiments can be used, such as by
one of ordinary skill in the art upon reviewing the above description. The Abstract
is provided to comply with 37 C.F.R. §1.72(b), to allow the reader to quickly
ascertain the nature of the technical disclosure. It is submitted with the
understanding that it will not be used to interpret or limit the scope or meaning of
the claims. Also, in the above Detailed Description, various features may be
grouped together to streamline the disclosure. This should not be interpreted as
intending that an unclaimed disclosed feature is essential to any claim. Rather,
inventive subject matter may lie in less than all features of a particular disclosed
embodiment. Thus, the following claims are hereby incorporated into the Detailed
Description as examples or embodiments, with each claim standing on its own as a
separate embodiment, and it is contemplated that such embodiments can be
combined with each other in various combinations or permutations. The scope of
the invention should be determined with reference to the appended claims, along

with the full scope of equivalents to which such claims are entitled.
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CLAIMS

What 1s claimed is:

1. A bone plate system, comprising:

a bone plate including a first surface and a second surface, the bone plate
including at least one threaded aperture, the threaded aperture being
tapered between the first surface and the second surface; and

at least one fastener including an elongate shaft and a threaded head, the
threaded head being tapered between a proximal end of the threaded
head and a distal end of the threaded head, wherein a plurality of
circumferentially spaced recesses are formed in the threaded head
and define a plurality of threaded tabs;

wherein the at least one fastener is configured for insertion within the at least
one threaded aperture at a plurality of different insertion angles while
achieving a locking engagement between the threaded head and the

threaded aperture.

2. The bone plate system of claim 1, wherein a first taper angle is formed
between a longitudinal axis of the threaded aperture and an internally threaded
surface of the threaded aperture, and wherein a second taper angle is formed
between a longitudinal axis of the threaded head and an externally threaded surface

of the threaded head, the first taper angle being greater than the second taper angle.

3. The bone plate system of claim 2, wherein the first taper angle is between
about 10 degrees and about 20 degrees, and wherein the second taper angle is

between about 5 degrees and about 15 degrees.
4. The bone plate system of claim 2 or claim 3, wherein the plurality of

recesses extend from the proximal end to the distal end of the threaded head in a

direction that is substantially parallel to the longitudinal axis of the threaded head.
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5. The bone plate system of any of claims 2-4, wherein the internally threaded

surface of the threaded aperture includes double lead threads.

6. The bone plate system of claim 1, wherein the threaded aperture includes
internal threads defining a first pitch, and wherein the threaded head includes

external threads defining a second pitch.

7. The bone plate system of claim 6, wherein the first pitch and the second

pitch are the same.

8. The bone plate system of claim 6, wherein the first pitch and the second
pitch are different.
9. The bone plate system of any of claims 1-8, comprising three or more

recesses formed in the threaded head.

10. The bone plate system of any of claims 1-9, wherein a circumference of the
threaded head includes a threaded circumference portion defined by the threaded
tabs and a non-threaded circumference portion defined by the recesses, wherein the
threaded circumference portion is greater than the non-threaded circumference

portion.

11. The bone plate system of any of claims 1-10, wherein the threaded head is at
least partially formed from a first material that is softer than a second material of the
bone plate such that the threaded head can deform during insertion within the

threaded aperture of the bone plate.
12. A bone plate system, comprising:

a bone plate including at least one tapered aperture having a longitudinal

axis and a threaded internal surface, the tapered aperture defining a
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first taper angle between the longitudinal axis of the tapered aperture
and the threaded internal surface; and

at least one fastener including an elongate shaft and a tapered head having a
threaded external surface and a longitudinal axis, the tapered head
defining a second taper angle between the longitudinal axis of the
tapered head and the threaded external surface, wherein a plurality of
circumferentially spaced recesses are formed in the tapered head and
define interruptions in the threaded external surface of the tapered
head;

wherein the first taper angle of the tapered aperture is greater than the
second taper angle of the tapered head such that the at least one
fastener can be inserted within the at least one tapered aperture at a

plurality of different insertion angles.

13.  The bone plate system of claim 12, wherein the first taper angle is between
about 10 degrees and about 20 degrees, and wherein the second taper angle is

between about 5 degrees and about 15 degrees.

14. The bone plate system of claim 12 or claim 13, wherein the interruptions in
the threaded external surface of the tapered head define a plurality of threaded tabs
on the tapered head.

15. The bone plate system of claim 14, wherein a circumferential surface area
defined by the threaded tabs is greater than a circumferential surface area defined by

the recesses in the tapered head.

16. The bone plate system of claim 12, wherein the threaded internal surface of
the tapered aperture includes threads defining a first pitch and the threaded external
surface of the tapered head includes threads defining a second pitch, and wherein

the first pitch and the second pitch are the same.
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17. The bone plate system of claim 12, wherein the threaded internal surface of
the tapered aperture includes threads defining a first pitch and the threaded external
surface of the tapered head includes threads defining a second pitch, and wherein

the first pitch and the second pitch are different.

18. A polyaxial locking mechanism, comprising:

at least one tapered aperture formed in a component, the tapered aperture
including an internally threaded surface; and

at least one fastener configured for insertion within the at least one tapered
aperture at a plurality of different insertion angles, the at least one
fastener including an elongate shaft and a tapered head, wherein a
plurality of circumferentially spaced recesses are formed in the
tapered head and define a plurality of threaded tabs;

wherein the tapered head includes a threaded surface area portion defined by
the threaded tabs and a non-threaded surface area portion defined by
the recesses, wherein the threaded surface area portion is greater than

the non-threaded surface area portion.

19.  The polyaxial locking mechanism of claim 18, wherein the internally

threaded surface of the tapered aperture includes double lead threads.

20. The polyaxial locking mechanism of claim 18 or claim 19, wherein the
tapered head is at least partially formed from a first material that is softer than a
second material of the component such that the tapered head can deform during

insertion within the tapered aperture of the component.
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