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Description

BACKGROUND

[0001] When bones are damaged through trauma, dis-
ease, distraction osteogenesis, or orthognathic surgery,
the defect is typically reduced, and bone fixation plates
are commonly applied to the bone on sides of the defect
to ensure union in the desired position. Bone screws can
be sized to be driven through respective fixation holes of
the plate and into the underlying bone to secure the bone
plate to the bone. One common bone screw used in such
application is generally referred to as a compression
screw. Compression screws have unthreaded heads and
threaded shafts. Accordingly, the compression screw
can be driven through the plate fixation hole and into the
underlying bone until the head applies a compression
force against the bone plate toward the underlying bone.
Another common bone screw used in such applications
is generally referred to as a locking screw. Locking
screws have threaded heads and threaded shafts. The
threaded heads purchase with the plate inside the fixation
holes to reach a stable construct, able to transfer bending
moments over the screw head / plate hole interface and
to avoid loosening or backing out of the screws. In par-
ticular, the locking screw can be driven through the plate
fixation hole and into the underlying bone until the head
threadedly mates with the bone plate in the fixation hole.
The threaded heads of locking screws typically do not
apply a compressive force against the bone plate toward
the underlying bone.
[0002] Conventionally, locking screws were inserted
through the screw hole along the central screw hole axis
in order to ensure that the threaded screw head mates
with the plate in the threaded fixation hole. Locking
screws can include standard-type locking screws and
variable-angle screws. Standard-type locking screws are
configured to lock within a bone fixation hole substantially
only at a "nominal" orientation whereby the central screw
axis is substantially coincident with the central hole axis.
Locking screws can further include variable-angle lock-
ing screws, which are configured to selectively lock within
a variable angle hole at an angle within a range of angles
with respect to the central axis of the variable angle hole.
[0003] A bone plate with the features as defined in the
preamble of claim 1 is known from US 2018/064476 A1.
Further bone plates are known from US 2018/064477
A1, US 2018/064479 A1 and DE 10 2016 112845 A1.

SUMMARY

[0004] According to the present invention, a bone plate
includes an inner surface that is configured to face the
underlying bone, and an outer surface opposite the inner
surface. The bone plate can further include an internal
surface that extends from the outer surface to the inner
surface so as to define a hole that is oriented along a
central hole axis, wherein the internal surface includes

1) a plurality of threaded regions that define respective
columns of thread segments, and 2) a plurality of re-
cessed surfaces that are disposed between respective
adjacent ones of the thread segments, the recessed sur-
faces being offset radially outward with respect to the
columns of thread segments. The bone plate can be con-
figured to mate with a threaded head of a variable angle
locking screw in the hole at an angle within a range of
angles, such that the threaded head threadedly purchas-
es with all of the columns of thread segments, and where-
in the angle is oblique to the central hole axis, wherein
the internal surface defines a plurality of transition re-
gions between the columns and respective adjacent ones
of the recessed surfaces, and wherein respective depths
of the thread segments taper along the transition regions
in a circumferential direction away from the respective
columns to the respective recessed surface.
[0005] Preferred embodiments are set forth in the de-
pendent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The foregoing summary, as well as the following
detailed description of illustrative embodiments of the
present application, will be better understood when read
in conjunction with the appended drawings. For the pur-
poses of illustrating the locking structures of the present
application, there is shown in the drawings illustrative
embodiments. In the drawings:

Fig. 1A is a schematic perspective view of a bone
plate in accordance with one embodiment of the
present invention;
Fig. 1B is a cross sectional elevation view of the bone
plate illustrated in Fig. 1A, taken along line 1B-1B;
Fig. 1C is a perspective view of a bone plate con-
structed in accordance with one embodiment;
Fig. 2A is a top perspective view of a portion of the
bone plate illustrated in Fig. 1A, showing a variable
angle locking hole defined by an internal surface of
the bone plate that includes a plurality of columns of
thread segments;
Fig. 2B is a bottom perspective view of the portion
of the bone plate illustrated in Fig. 1A;
Fig. 2C is a top plan view of the portion of the bone
plate illustrated in Fig. 2A;
Fig. 2D is a bottom plan view of the portion of the
bone plate illustrated in Fig. 2B;
Fig. 3 is a cross-sectional view of the variable angle
locking hole illustrated in Fig. 2C, taken along line
3-3;
Fig. 4 is an enlarged sectional perspective view of a
portion of the variable angle locking hole illustrated
in Fig. 2A, showing a column of thread segments,
adjacent recesses, and transition regions that ex-
tend from the column to the adjacent recesses, re-
spectively;
Fig. 5A is a perspective view of a variable angle lock-
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ing bone screw mated in the variable angle locking
hole illustrated in Fig. 2A at an oblique orientation;
Fig. 5B is a side elevation view of the variable angle
locking bone screw illustrated in Fig. 5A;
Fig. 6A is a cross-sectional view of the variable angle
locking hole illustrated in Fig. 5A taken along line 6A-
6A, showing the head of the variable angle locking
bone screw threadedly purchased with a first one of
the columns of thread segments;
Fig. 6B is a cross-sectional view of the variable angle
locking hole illustrated in Fig. 5A taken along line 6B-
6B, showing the head of the variable angle locking
bone screw threadedly purchased with a second one
of the columns of thread segments;
Fig. 6C is a cross-sectional view of the variable angle
locking hole illustrated in Fig. 5A taken along line
6C-6C, showing the head of the variable angle lock-
ing bone screw threadedly purchased with a third
one of the columns of thread segments;
Fig. 7A is a perspective view of a standard-type lock-
ing screw mated in the variable angle locking hole
illustrated in Fig. 2A at a fixed nominal orientation;
Fig. 7B is a side elevation view of the standard-type
locking screw illustrated in Fig. 7A;
Fig. 8A is a perspective view of a bone plate having
a combination hole that includes a variable angle
locking hole as illustrated in Fig. 2A and a compres-
sion hole that is open to the variable angle locking
hole portion:
Fig. 8B is a top plan view of the bone plate illustrated
in Fig. 8A; and
Fig. 8C is a cross-sectional view of the bone plate
illustrated in Fig. 8A, showing a variable angle com-
pression bone screw inserted into the compression
hole of the combination hole and threadedly pur-
chased in an underlying bone.

DETAILED DESCRIPTION

[0007] The present disclosure can be understood more
readily by reference to the following detailed description
taken in connection with the accompanying figures and
examples, which form a part of this disclosure.
[0008] Variable angle (VA) locking screws can have a
tendency to cause cross-threading within an aperture of
a bone plate in which they are inserted. Cross-threading
can occur when the external threads on the screw head
not fit appropriately and thus cross-thread the internal
threading of the aperture. Cross-threading is problematic
because it reduces the interference fit (also referred to
as the "form-fit") between the internal threading of the
aperture and the screw head threads, which can result
in a reduction of stability of the locked screw head in the
aperture of the bone plate. The present disclosure pro-
vides a bone plate having VA locking holes that are de-
signed to lock with the heads of both standard-type and
VA locking screws in a manner inhibiting or at least re-
ducing cross-threading with respect to conventional var-

iable-angle bone plates.
[0009] Referring initially to Figs. 1A-1C, a bone fixation
system 20 is configured to be implanted onto bone 22 so
as to stabilize a first bone segment 24 with respect to a
second bone segment 26 that is separated from the first
bone segment 24 by a defect 28. In one example, the
first bone segment 24 can be defined by the diaphysis
of the bone, while the second bone segment 26 can be
defined by the epiphysis of the bone. It should be appre-
ciated, however, that the first and second bone segments
24 and 26 can be defined by any region of the bone 22
as desired. Further, the bone 22 can be any bone in the
human or animal anatomy suitable for bone plate fixation.
Further still, while the bone 22 is illustrated having first
and second bone segments 24 and 26, it is appreciated
that the bone 22 can include any number of defects or
bone fragments as desired that are configured for fixation
using the bone fixation system 20. For instance, the di-
aphysis of the bone can include a plurality of bone frag-
ments.
[0010] The bone fixation system 20 can include a bone
plate 30 and a plurality of bone anchors 32 that are con-
figured to fix the bone plate 30 to the underlying bone
22, and in particular to each of the first and second bone
segments 24 and 26. The bone anchors 32 include a
head 33 and a shaft 35 that extends out with respect to
the head 33 along a central anchor axis 53. The shaft 35
can extend directly from the head 33, or can extend from
a neck that is disposed between the head 33 and the
shaft 35. The shaft 35 can be threaded, such that the
bone anchor 32 is configured as a bone screw 37 whose
shaft 35 extends out relative to the head 33 along the
central anchor axis 53, which can also be referred to as
a central screw axis 53. The threaded shaft 35 can be
configured to threadedly purchase in the underlying bone
22. For instance, one or more up to all of the bone screw
37 can be configured as a cortical screw whose threaded
shaft 35 is designed and configured to threadedly mate
to cortical bone. Alternatively or additionally, one or more
of the bone screws 37 can be configured as a cancellous
screw whose threaded shaft 35 is designed and config-
ured to threadedly mate to cancellous bone. It is appre-
ciated that cancellous bone screws have threads that
have a greater pitch than threads of cortical bone screws.
Further, the threads of cancellous bone screws typically
extend out from the shaft of the bone screw a greater
distance than the threads of cortical bone screws.
[0011] The bone plate 30 defines a bone plate body
31. The bone plate body 31, and thus the bone plate 30,
defines a bone-facing inner surface 34 configured to face
the underlying bone 22, and an outer surface 36 that is
opposite the inner surface 34 along a transverse direction
T. The bone plate 30 further defines a plurality of fixation
holes 38 that extend through the bone plate body 31 from
the inner surface 34 to the outer surface 36. In particular,
each of the fixation holes 38 extends through the bone
plate body 31, and thus through the bone plate 30, along
a respective central hole axis 45. The central hole axis
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45 can be oriented along the transverse direction T. Thus,
the central hole axis 45 can be oriented normal to each
of the inner surface 34 and the outer surface 36. It should
be appreciated, of course, that the central hole axis 45
can be oriented in any suitable direction as desired, in-
cluding a direction oblique to the transverse direction T.
[0012] The fixation holes 38 are sized to receive the
shaft 35 of a respective one of the bone screws 37. Thus,
the bone screws 37 that extend through fixation holes 38
are permanent bone screws, meaning that they remain
after completion of the surgical procedure. This is distin-
guished from temporary fixation holes that, for instance,
can be configured to receive temporary fixation mem-
bers, such as Kirschner wires that are removed prior to
completion of the surgical procedure. In this regard, the
fixation holes 38 can be referred to as permanent fixation
holes. Accordingly, during operation, the shaft 35 of the
bone screw 37 can be inserted through a respective one
of the fixation holes 38 and into the underlying bone 22.
The bone screw 37 can then be rotated so as to cause
the threaded shaft 35 to be driven into the underlying
bone 22 as the threaded shaft 35 threadedly purchases
with the underlying bone. The threaded shaft 35 can be
driven into the underlying bone 22 until the head 33 en-
gages the bone plate 30.
[0013] Certain ones of the fixation holes 38 can be un-
threaded compression holes 52, while certain others of
the fixation holes 38 can be threaded locking holes 44
and some holes can be a combination thereof, where a
threaded locking hole 44 and an unthreaded compres-
sion hole 52 intersect each other to define a combination
hole 90 (see Figs. 8A-8C). The bone plate 30 defines an
internal compression surface 57 that can extend between
the outer surface 36 and the inner surface 34 so as to at
least partially define the compression hole 52. The bone
plate 30 can similarly define an internal surface 39 that
extends from the outer surface 36 to the inner surface
34 so as to define the locking hole 44.
[0014] Thus, one or more of the bone screws 37 can
be configured as a compression screw 49 whose head
33 defines a compression head 58 that is configured to
bear against the bone plate 30 in the compression hole
52 so as to apply a compressive force against the bone
plate 30 toward the underlying bone 22. In particular,
during operation, the shaft 35 of the compression screw
49 can be inserted through the compression hole 52 and
driven into the underlying bone 22 as described above.
In particular, rotation of the bone screw 37 causes the
compression head 58 to compress against the internal
compression surface 57. As a result, the compression
head 58 causes the bone plate 30 to apply a compressive
force against the underlying bone. At least a portion of
the internal compression surface 57 is typically spherical
or tapered as it extends from the outer surface 36 toward
the inner surface 34 so as to prevent the compression
head 58 from passing completely through the compres-
sion hole 52. The compression head 58 typically has an
unthreaded external surface. Similarly, at least a portion

up to an entirety of the internal compression surface 57
that abuts the unthreaded external surface of the com-
pression head 58 is typically unthreaded. Thus, it is com-
mon to drive compression screws 49 into the unthreaded
compression holes 52. However, as is described in more
detail below with respect to Figs. 8A-8C, the compression
screws 49 can also be driven into the combination hole
90.
[0015] Alternatively, one or more up to all of the bone
screws 37 can be configured as locking screws 41 that
are configured to threadedly purchase with the bone plate
30 inside the threaded locking holes 44. In particular, the
locking screws 41 can include an externally threaded
head 33. During operation, the shaft 35 of the locking
screw 41 can be inserted through the fixation hole 38 and
driven into the underlying bone 22 as described above.
In particular, rotation of the screw 37 causes the threaded
head 33 to threadedly mate with the threaded locking
hole 44. As a result, the screw head 33 fastens the bone
plate 30 to the underlying bone 22 without applying a
compressive force onto the bone plate 30 against the
underlying bone 22. The bone plate 30 can be spaced
from the underlying bone 22 when locked to the head 33.
Alternatively, the bone plate 30 can abut the underlying
bone 22 when locked to the head 33. At least a portion
of the internal surface 39 is typically tapered as it extends
from the outer surface 36 toward the inner surface 34.
Thus, the internal surface 39 is configured to prevent the
head 33 from passing completely through the threaded
locking hole 44.
[0016] One or more of the locking screws 41 can be
configured as a standard-type locking screw 51. The
standard-type locking screw 51 has an externally thread-
ed locking head 56 that is configured to threadedly pur-
chase to the bone plate 30 in the locking hole 44 when
the standard-type locking screw 51 is at predetermined
orientation with respect to the central hole axis 45. For
instance, the predetermined orientation can be the nom-
inal orientation whereby the central screw axis 53 is co-
incident with the central hole axis 45.
[0017] Alternatively or additionally, one more of the
locking screws 41 can be configured as a variable angle
(VA) locking bone screw 43 having a VA threaded head
59. Correspondingly, one or more of the threaded locking
holes 44 can be configured as variable angle (VA) locking
holes 54. The bone plate 30 is configured to threadedly
mate with the VA threaded head 59 in the VA locking
holes 54 when the central screw axis 53 of the VA bone
screw 43 is oriented at any one of a plurality of angles
within a range of angles with respect to the central hole
axis 45 at which the VA threaded head 59 is configured
to threadedly mate with the bone plate 30 in the VA lock-
ing hole 54. Further, as is described in more detail below
with respect to Figs. 7A-7B, the bone plate 30 can be
configured to threadedly mate with the standard-type
locking screw 51 in the VA locking hole 54. Further still,
as is described in more below with respect to Figs. 8A-
8C, the bone plate 30 can be configured to receive the
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compression screw 49 in the combination hole 90. The
bone plate 30 can be referred to as a locking compression
plate, as its fixation holes are configured to engage com-
pression screws and locking screws, respectively.
[0018] While the bone plate 30 is illustrated schemat-
ically in Figs. 1A-1B, the bone plate 30 is illustrated in
Fig. 1C as configured for fixation to the underlying bone
22. In one example, the bone plate body 31, and thus
the bone plate 30, can include a first plate portion that
can define a plate head portion 40 that is configured to
overlie the second bone segment 26, and a second plate
portion that can be referred to as a plate shaft portion 42
that is configured to overlie the first bone segment 24.
Each of the plate head portion 40 and the plate shaft
portion 42 can include at least one up to a plurality of
bone fixation holes 38. Thus, bone anchors 32 that ex-
tend through respective fixation holes 38 of the plate head
portion 40 can be driven into the epiphysis region of the
underlying bone, and bone anchors 32 that extend
through respective fixation holes 38 of the plate shaft
portion 42 can be driven into the diaphysis region of the
underlying bone. The epiphysis region can, for instance,
be defined by the distal region of the radius bone. Any
one or more up to all of the fixation holes 38 of the bone
plate 30 can be compression holes, locking holes, VA
locking holes or a combination thereof (also referred to
as the "combination holes" described herein with refer-
ence to Figs. 8A-8C).
[0019] In one example, all of the fixation holes 38 in
the plate head portion 40 can be configured as VA locking
holes 54. Further, in one example, all of the fixation holes
38 in the second plate portion 42 are compression holes
52 configured to receive cortical bone screws. Further,
at least one or more up to all of the compression holes
can be configured as slots that are elongate along a cen-
tral longitudinal axis of the bone plate 30 to allow for po-
sitional flexibility of the bone screw 37 received therein.
Alternatively or additionally, at least one or more up to
all of the compression holes can have a circular cross-
section so as to locate the position of the bone screw 37
received therein. While the bone plate 30 has been de-
scribed in accordance with one specific example, it
should be appreciated that the bone plate 30 can be con-
figured in any suitable manner as desired. Further, bone
plates 30 constructed in accordance with any of the ex-
amples described herein can be configured to attach to
any region or region or regions of any suitable bone in
the human or animal anatomy suitable for bone plate
fixation.
[0020] The bone plate 30 and the locking screws 41
can each comprise one or more biocompatible materials,
such as titanium, titanium alloys (e.g., titanium-alumi-
num-niobium (TAN) alloys, such as Ti-6Al-7Nb), stain-
less steel, cobalt base alloys, composite materials, and
polymeric materials and/or ceramic materials, by way of
non-limiting examples. In one example, the material of
the locking screws 41 can have a hardness that is greater
than that of the bone plate 30. For instance, the bone

plate 30 can primarily or entirely be made of titanium,
and the locking screws 41 can primarily or entirely com-
prise Ti-6Al-7Nb (TAN).
[0021] The VA locking hole 54 will now be described
in more detail with respect to Figs. 2A-4. As described
above, the internal surface 39 of the bone plate 30 ex-
tends from the outer surface 36 to the inner surface 34
so as to define the VA locking hole 54 that extends from
the outer surface 36 to the inner surface 34. In particular,
the VA locking hole 54 extends along the central hole
axis 45. The central hole axis 45 can be oriented along
the transverse direction T. Thus, the central hole axis 45
can be oriented normal to each of the inner surface 34
and the outer surface 36. It should be appreciated, of
course, that the central hole axis 45 can be oriented in
any suitable direction as desired, including a direction
oblique to the transverse direction T.
[0022] The internal surface 39, and thus the bone plate
30, defines a plurality of threaded regions 62 that each
carries at least one thread 46. The internal surface 39,
and thus the bone plate 30, further defines a plurality of
recessed regions 64 that are disposed circumferentially
between respective adjacent ones of the threaded re-
gions 62. Thus, the threaded regions 62 and the recessed
regions 64 are alternatingly arranged with each other cir-
cumferentially about the central hole axis 45. The thread-
ed regions 62 and the recessed regions 64 are configured
such that the VA locking screws 43 are configured to
threadedly purchase with the internal surface 39 at the
threaded regions 62 without threadedly purchasing with
the internal surface 39 at the at least one recessed re-
gions 64.
[0023] In one example, the at least one thread 46
projects out from the internal surface 39 at the threaded
regions 62 into the VA locking hole 54 generally toward
the central hole axis 45. The at least one thread 46 can
be monolithic with the internal surface 39. The at least
one thread 46 can extend along a thread path. The thread
path can be a helical thread path. In one example, the at
least one thread 46 can be a single lead thread, a double
lead thread, or any suitably constructed thread as de-
sired. The internal surface 39 can further define a recess
48 at each of the recessed regions 64. The recesses 48
can circumferentially interrupt the at least one thread 46
so as to define a plurality of thread segments 60. Axially
aligned ones of the thread segments can combine to de-
fine a plurality of threaded columns 50. Thus, it can be
said that the threaded columns 50 are defined by thread
segments 60. Because the at least one thread 46 can
extend along a helical thread path, the threaded columns
50 can have different numbers of thread segments 60.
The recesses 48 and the columns 50 can be alternatingly
arranged with each other circumferentially about the cen-
tral hole axis 45. The at least one recess 48 is offset with
respect to the columns 50 of thread segments 60 in a
radially outward direction. The internal surface 39 can be
said to define a recessed surface 61 at the recesses 48.
[0024] The axial direction is defined as a direction be-
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tween the outer surface 36 and the inner surface 34 of
the bone plate 30. Thus, the directional term "axially in-
ward" and derivatives thereof as used herein refers to a
direction from the outer surface 36 toward the inner sur-
face 34. Conversely, the terms "axially outward" and de-
rivatives thereof as used herein refers to a direction from
the inner surface 34 toward the outer surface 36. The
axially inward and axially outward directions can be ori-
ented along the central hole axis 45. Alternatively, the
axially inward and axially outward directions can be ori-
ented along a direction oblique to the central hole axis
45, for instance when used with reference to the internal
surface 39.
[0025] The recesses 48 can have a radial depth suffi-
cient such that the recessed surface 61 is recessed with
respect to the internal surface 39 at the columns 50 along
the radially outward direction. That is, the recessed sur-
face 61 can define a radial distance from the central hole
axis 45 that is greater than the radial distance from the
central hole axis 45 to the major diameter of the at least
one thread 46 of the columns 50. Therefore, during op-
eration, a threaded bone screw head 33 that threadedly
purchases with the internal surface 39 at the columns 50
of thread segments 60 are spaced radially inward from
the internal surface 39 at the recess 48. The recessed
surfaces 61 can be devoid of the thread 46. For instance,
the recessed surfaces 61 can be unthreaded and
smooth.
[0026] The thread segments 60 of each of the columns
50 are spaced from each other in the axial direction so
as to define interstices that receive corresponding exter-
nal threads of a locking screw head 33. The axially
aligned thread segments 60 of at least a portion of the
axial lengths of the columns 50 can each have a common
circumferential length. In one example, all thread seg-
ments 60 of each of the columns 50 can have the same
circumferential length. Accordingly, lines along circum-
ferentially ends of the columns 50 can lie in respective
planes that also include the central hole axis 45.
[0027] Thus, the thread segments 60 of each of the
columns 50 can be circumferentially offset from the
thread segments 60 of the other ones of the columns 50.
Further, adjacent ones of the circumferentially spaced
thread segments 60 can be separated by a respective
common one of the recesses 48. Thus the thread seg-
ments 60 of each column 50 can be aligned with the
thread segments 60 of one or both adjacent column 50
along the thread path. Because the thread path can be
helical, the thread segments 60 can be aligned with the
thread segments 60 of an adjacent one of the columns
50 along a helical path. In one example, each of the
thread segments 60 of a respective one of the columns
50 is aligned along the thread path with 1) one the thread
segments 60 a first adjacent column 50, and 2) one the
thread segments 60 of a second adjacent column 50.
Thus, the respective one of the columns 50 is disposed
circumferentially between the first adjacent column 50
and the second adjacent column 50. Further, the thread

segments 60 of the respective one of the columns 50 is
disposed between the first one of the thread segments
60 and the second one of the thread segments 60 with
respect to the axial direction.
[0028] In one example, the bone plate 30 can include
three recesses 48 illustrated as a first recess 48a, a sec-
ond recess 48b, and a third recess 48c. The recesses
48 are circumferentially spaced apart from each other.
However, it is appreciated that the bone plate 30 can
include any number of recesses 48, greater than one, as
desired, so as to define the variable angle locking hole
54 of the type described herein. Further, the respective
constant distance of the recessed surfaces 61 of each
of the recesses 48 can be the same as each other. In
this regard, each of the recesses 48 can be substantially
(within manufacturing tolerance) identical to each other.
Further, the recesses 48 can be circumferentially equi-
distantly spaced from each other about the central hole
axis 45. Alternatively, the recesses 48 can be circumfer-
entially spaced from each other at a variable distance
about the central hole axis 45.
[0029] Similarly, the bone plate 30 can include three
columns 50 of thread segments 60 illustrated as a first
column 50a, a second column 50b, and a third column
50c. The columns 50 are circumferentially spaced apart
from each other. However, it is appreciated that the bone
plate 30 can include any number of columns 50, greater
than one, as desired, so as to define the variable angle
locking hole 54 of the type described herein. The columns
50 can be substantially (within manufacturing tolerance)
identical to each other. Further, the columns 50 can be
circumferentially equidistantly spaced from each other
about the central hole axis 45. Alternatively, the columns
50 can be circumferentially spaced from each other at a
variable distance about the central hole axis 45. As will
be appreciated from the description below, the three
equidistantly spaced columns 50 allows for the bone
plate 30 to mate with the VA threaded head 59 of the VA
locking screw 43 (see Fig. 1B) in the VA locking hole 54
at an angle within a range of angles, such that the thread-
ed head threadedly purchases with all of the columns 50
of thread segments 60 simultaneously. The angle can be
one of numerous angles within the range of angles that
are oblique to the central hole axis 45. Otherwise stated,
the columns 50 allow the VA locking screw 43 to achieve
a form fit in the VA locking hole 54. Further, the thread
segments 60 that are purchased with the VA threaded
head 59 can undergo a slight elastic and/or plastic de-
formation at their respective roots when the harder VA
threaded head 59 is locked in the softer VA locking hole
54. The form fit increases the reliability of purchase be-
tween the VA locking screw 43 and the bone plate 30 in
the VA locking hole 54.
[0030] Referring now to Fig. 4 in particular, the internal
surface 39 defines a plurality of transition regions 67 that
extend circumferentially between the columns 50 and the
adjacent recessed regions 64, and in particular between
the columns 50 and the adjacent recessed surfaces 61.
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The thread segments 60 taper as the internal surface 39
extends circumferentially away from the columns 50 to
the transition regions 67. Thus, the respective radial
depths of the thread segments 60 decrease along the
transition regions 67 in a circumferential direction away
from the respective columns 50 and toward the respec-
tive recessed surface 61. The thread segments 60 of
each of the columns 50 can have a constant radial depth.
The transition regions 67 can define a circumferential
length greater than that of the columns 50. The gradual
transition from the columns 50 to the recessed surfaces
61 can assist in the reduction of cross-threading during
operation.
[0031] It should be appreciated that because each of
the columns 50 is disposed circumferentially between
respective recessed surfaces 61, the inner surface 39
can define first and second transition regions 67 that ex-
tend circumferentially from each column 50 to the respec-
tive adjacent recessed surface 61. The first transition re-
gion 67 can extend from a first circumferential end of the
columns 50 toward a first adjacent recessed surface 61,
and the second transition region 67 can extend from a
second circumferential end of the columns 50 toward a
second adjacent recessed surface 61. The respective
first and second circumferential ends of each of the col-
umns 50 are circumferentially opposite each other.
[0032] The transition regions 67 are sized and shaped
to avoid cross-threading during operation. In particular,
the transition regions 67 provide a smooth interface be-
tween the columns 50 and the recessed surfaces 61.
Otherwise stated, the transition regions 67 do not define
any sharp edges as they extend circumferentially along
the thread path. In one example, the recessed surfaces
61 can define a curvature along a plane that is oriented
normal to the central hole axis 45 from a first end circum-
ferential end of the recessed surface 61 to a second cir-
cumferential end of the recessed surface 61 that is cir-
cumferentially opposite the first circumferential end of
the recessed surface 61. For instance, curvature can be
a constant curvature from the first end to the second end.
The curvature of the internal surface 39 at the recessed
surface 61 can continue through the transition regions
67 to the respective columns 50 along at least a portion
of an axial entirety of the recessed surface 61. For in-
stance, the curvature of the internal surface 39 at the
recessed surface 61 can continue through the transition
regions 67 to the respective columns 50 along an axial
entirety of the recessed surface 61 that lies in a common
plane with the columns 50, wherein the common plane
is oriented normal to the central hole axis 45.
[0033] In one example, the recessed surface 61 ex-
tends along a circular path along the plane that is oriented
normal to the central hole axis 45. Thus, the curvature
can be defined by a radius that is swept in a plane oriented
normal to the central hole axis 45. Further, the radius can
be smaller than the radius from the central hole axis 45
to the internal surface 39. In one example, the same ra-
dius that defines each recessed surfaces 61 can also

define respective transition regions 67 of the columns 50
that are disposed adjacent opposite circumferential ends
of the recessed surface 61. Thus, the transition regions
67 can extend along a concave path with respect to the
central hole axis 45 in a plane oriented normal to the
central hole axis 45.
[0034] As best shown in Figs. 2A-3, while the threaded
regions 62 include respective columns 50 of threaded
segments 60, it should be appreciated that the internal
surface 39 need not be threaded along its entirety at lo-
cations axially aligned with the columns 50. For instance,
the internal surface 39 can include a tapered lead-in sur-
face 66 at the axially outer end of the VA locking hole 54.
Further, the internal surface 39 can include a tapered
undercut surface 68 at the axially inner end of the VA
locking hole 54.
[0035] The lead-in surface 66 can flare radially outward
as it extends in the axially outward direction. The lead-
in surface 66 can further be devoid of the at least one
thread 46. For instance, the lead-in surface 66 can be
smooth. The lead-in surface 66 can extend circumferen-
tially about the axially outer end of the VA locking hole
54. In one example, the lead-in surface 66 can extend
circumferentially continuously and uninterrupted along a
full revolution about the central hole axis 45. For instance,
the lead-in surface 66 defines an axially outer end at the
outer surface 36 of the bone plate 30. The lead-in surface
66 thus extends axially inward from its axially outer end
to its axially inner end. At locations axially aligned with
the columns 50, and thus axially aligned with the threaded
regions 62, the axially inner end of the lead-in surface 66
can be defined by an axially outermost one of the thread
segments 60 of the columns 50. At locations axially
aligned with the recessed surfaces 61, and thus axially
aligned with the recessed regions 64, the axially inner
end of the lead-in surface 66 can be defined as an inter-
section between the lead-in surface 66 and the recessed
surface 61. The intersection can be defined at the axially
outermost end of the recessed surfaces 61. At locations
axially aligned with the transition regions 67, the axially
inner end of the lead-in surface 66 can be defined by an
axially outermost one of the tapering thread segments
60 of the transition regions 67. The lead-in surface 66
can define a first axial length from the outer surface 36
to the columns 50, a second axial length from the outer
surface 36 to the transition regions 67, and a third axial
length from the outer surface 36 to the recessed surfaces
61. The first length can be greater than the second length.
Further, the second length can be greater than the third
length.
[0036] It is envisioned in other examples that the lead-
in surface 66 can be discontinuous as it extends circum-
ferentially about the central hole axis 45. For instance,
the recessed surfaces 61 can extend to the outer surface
36. Thus, segments of the lead-in surface 66 can extend
circumferentially along locations axially aligned with the
columns 50 and the transition region 67, and not at loca-
tions axially aligned with at least portions or entireties of
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the recessed surfaces 61. The continuous lead-in surface
66 or alternatively each segment of the lead-in surface
66 can have a circumferential length greater than that of
the columns 50. A portion up to an entirety of the lead-
in surface 66 can be linear along the axial direction. Al-
ternatively or additionally, a portion up to an entirety of
the lead-in surface 66 can be curved along the axial di-
rection. For instance, a portion up to an entirety of the
lead-in surface 66 can be concave along the axial direc-
tion. Alternatively or additionally, a portion up to an en-
tirety of the lead-in surface 66 can be convex along the
axial direction.
[0037] The outer surface 36 of the bone plate 30 can
define an axially outer perimeter 70 of an axially outer
opening 72 to the VA locking hole 54. Thus, the lead-in
surface 66 or segments of the lead-in surface 66 can
axially inward from the perimeter 70. In one example, the
perimeter 70 can define a circle, though it should be ap-
preciated that the outer perimeter 70 can define different
geometric shapes as desired. A circle may be preferable
in some examples because, as described in more detail
below, a variable angle locking screw can threadedly pur-
chase with the columns 50 at an angle relative to the
central hole axis 45 within a range of angles at which the
head 33 of the VA locking screw 41 can threadedly pur-
chase with the columns 50. Thus, the outer perimeter 70
can surround a portion of the VA threaded head 59 when
the VA threaded head 59 is purchased with the columns
50 at an angle within the range of angles.
[0038] The undercut surface 68 can flare radially out-
ward as it extends in the axially inward direction. The
undercut surface 68 can further be devoid of the at least
one thread 46. For instance, the undercut surface 68 can
be smooth. The undercut surface 68 can extend circum-
ferentially about the axially inner end of the VA locking
hole 54. In one example, the undercut surface 68 can
extend circumferentially continuously and uninterrupted
along a full revolution about the central hole axis 45. For
instance, the undercut surface 68 can extend axially out-
ward from the inner surface 34 of the bone plate 30. Thus,
the undercut surface 68 has an axially inner end at the
inner surface 34. The undercut surface 68 has an axially
outer end opposite the axially inner end along the axial
direction. At locations axially aligned with the columns
50, and thus axially aligned with the threaded regions 62,
the axially outer end of the undercut surface 68 can be
disposed at the axially innermost thread segment 60 of
the columns 50. At locations axially aligned with the re-
cessed surfaces 61, and thus axially aligned with the re-
cessed regions 64, the axially outer end of the undercut
surface 68 can be disposed at an intersection between
the undercut surface 68 and the recessed surface 61.
The intersection can be located at the axially innermost
end of the recessed surfaces 61. At locations axially
aligned with the transition regions 67, the axially outer
end of the undercut surface 68 can be disposed at an
axially innermost one of the tapering thread segments
60 of the transition regions 67. The undercut surface 68

can define a first axial length from the inner surface 34
to the columns 50, a second axial length from the inner
surface 34 to the transition regions 67, and a third axial
length from the inner surface 34 to the recessed surfaces
61. The first length can be greater than the second length.
Further, the second length can be greater than the third
length.
[0039] It is envisioned in other examples that the un-
dercut surface 68 can be discontinuous as it extends cir-
cumferentially about the central hole axis 45. For in-
stance, the recessed surfaces 61 can extend to the inner
surface 34. Thus, segments of the undercut surface 68
can extend circumferentially along locations axially
aligned with the columns 50 and the transition region 67,
and not at locations axially aligned with at least portions
or entireties of the recessed surfaces 61. The continuous
undercut surface 68 or alternatively each segment of the
undercut surface 68 can have a circumferential length
greater than that of the columns 50. A portion up to an
entirety of the undercut surface 68 can be linear along
the axial direction. Alternatively or additionally, a portion
up to an entirety of the undercut surface 68 can be curved
along the axial direction. For instance, a portion up to an
entirety of the undercut surface 68 can be concave along
the axial direction. Alternatively or additionally, a portion
up to an entirety of the undercut surface 68 can be convex
along the axial direction
[0040] The inner surface 34 of the bone plate 30 can
define an axially inner perimeter 74 of an axially inner
opening 76 to the VA locking hole 54. In one example,
the inner perimeter 74 can define a circle, though it should
be appreciated that the inner perimeter 74 can define
different geometric shapes as desired. A circle may be
preferable in some examples because, as described in
more detail below, a VA locking screw 43 can threadedly
purchase with the columns 50 at an angle relative to the
central hole axis 45 within a range of angles at which the
VA threaded head 59 of the VA locking screw 43 can
threadedly purchase with the columns 50. The range of
angles can be disposed within a cone. Thus, the undercut
surface 68 or segments of the undercut surface 68 can
provide clearance for the screw shaft at different angles
within the range of angles.
[0041] In one example, the lead-in surface 66 defines
a lead-in angle that is defined by the central hole axis 45
and a straight line 73 that intersects both the axially outer
end of the lead-in surface 66 and the axially inner end of
the lead-in surface 66. Further, the straight line 73 lies in
a plane that includes the central hole axis 45 and inter-
sects the lead-in surface 66. Thus, the lead-in angle can
be defined by the central hole axis 45 and the straight
line 73 whether the lead-in surface 66 is straight or
curved. In one example, the lead-in angle can be between
approximately 15 degrees and approximately 60 de-
grees. For instance, the lead in angle can be approxi-
mately 45 degrees in one example.
[0042] Similarly, the undercut surface 68 defines at
least one undercut angle that is defined by the central
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hole axis 45 and at least one straight line. The at least
one straight line can be configured as first and second
straight lines 77a and 77b, respectively. The first and
second straight lines 77a and 77b can lie in a plane that
includes the central hole axis 45 and intersects the un-
dercut surface 68 at least at two locations. The first
straight line 77a is disposed axially inward with respect
to the second straight line 77b. Thus, the first straight line
77a can interface with the axially inner surface 34 of the
bone plate 30. Thus, the at least one undercut angle can
include first and second undercut angles whether the un-
dercut surface 68 is straight or curved. The first undercut
angle can be defined by the central hole axis 45 and the
first straight line 77a. The second undercut angle can be
defined by the central hole axis 45 and the second
straight line 77b. In one example, the first undercut angle
can be between approximately 15 degrees and approx-
imately 60 degrees. For instance, the first undercut angle
can be approximately 45 degrees. The second undercut
angle can be at least approximately 15 degrees. For in-
stance, the second undercut angle can be approximately
15 degrees so as to accommodate angulation of the VA
screw shaft 35 within the range of angles described
above.
[0043] It should be appreciated that the columns 50
can extend from the lead-in surface 66 to the undercut
surface 68. Further, the columns 50 can taper radially
inward toward the central hole axis 45 as they extend
axially inward. In one example, the columns 50 can ex-
tend linearly along the axial direction from the lead-in
surface 66 to the undercut surface 68. Further, the VA
locking hole 54 can be constructed such that no portion
of the internal surface 39 extends radially inward of the
columns 50. Therefore, the VA locking screw 43 de-
scribed herein can threadedly purchase within the col-
umns 50 without contacting any other surface except for
the columns 50 and the undercut surface 68. Each of the
columns 50 can thus define a respective centerline 80
that is disposed circumferentially equidistantly from the
circumferentially opposed ends of the respective column
50. The centerlines 80 of the columns 50 can lie in re-
spective planes that also include the central hole axis 45.
Further, the centerlines 80 can define an angle between
5 degrees and 30 degrees with respect to the central hole
axis 45. In one example, the angle can be approximately
15 degrees.
[0044] The centerlines 80 can extend along the crests
of the thread segments 60 of the respective columns 50.
Alternatively, the centerlines 80 can extend along the
roots of the thread segments 60 of the respective col-
umns 50. The terms "approximately" and "substantially"
as used herein with respect to dimensions and angles
takes into account manufacturing tolerances. Further,
the terms "approximately" and "substantially" can include
10% greater than or less than the stated dimension or
angle. Further, the terms "approximately" and "substan-
tially" can equally apply to the specific value stated.
[0045] The recessed surfaces 61 can also extend from

the lead-in surface 66 to the undercut surface 68. Further,
the recessed surfaces 61 can taper radially inward to-
ward the central hole axis 45 as they extend axially in-
ward. In one example, the recessed surfaces 61 can ex-
tend linearly along the axial direction from the lead-in
surface 66 to the undercut surface 68. Each of the re-
cessed surfaces 61 can thus define a respective center-
line 82 that is disposed circumferentially equidistantly
from the circumferentially opposed ends of the respective
recessed surfaces 61. The centerlines 82 of the recessed
surfaces 61 can lie in respective planes that also include
the central hole axis 45. Further, the centerlines 82 can
define an angle between 5 degrees and 30 degrees with
respect to the central hole axis 45. In one example, the
angle can be approximately 15 degrees. Thus, the angle
defined by the recessed surfaces 61 can be approximate-
ly equal to the angle defined by the columns 50. Other-
wise stated, the centerlines 80 and at least one or more
up to all of the centerlines 82 can be oriented at a common
angle with respect to the central hole axis 45. Further, in
one example, the common angles can be a constant an-
gle along respective entireties of the axial lengths of the
columns 50 and the recessed surfaces 61. In one exam-
ple, the common angle can be between approximately 5
degrees and approximately 30 degrees.
[0046] Referring now to Figs. 5A-8C, the VA locking
hole 54 is configured to receive a plurality of the bone
screws 37 described above. For instance, as illustrated
in Figs. 5A-5B, the bone screw 37 can be configured as
a VA locking screw 43. The VA locking screw 43 is con-
figured to threadedly mate with the bone plate 30 in the
VA locking hole 54 at different orientations of the VA lock-
ing screw 43 with respect to the central hole axis 45. The
VA threaded head 59 can be constructed in accordance
with any embodiment as described in U.S. Patent No.
8,574,268. Thus, it is appreciated that the VA threaded
head 59 of the VA locking screw 43 can define at least
one external thread 78. The VA threaded head 59 of the
VA locking screw 43 have a curved outer surface, which
can be convex in one example. In particular, the outer
surface can be spherical. Further, the external thread 78
of the VA threaded head 59 of the VA locking screw 43
can be circumferentially continuous about the central
screw axis 53. It should be appreciated, however, that
the VA threaded head 59 can be alternatively constructed
in any manner desired so as to threadedly mate with the
at least one thread 46 in the manner described herein.
[0047] Otherwise stated, the VA locking screw 43 is
configured to be inserted into the VA locking hole 54 such
that the central screw axis 53 is at one of a plurality of
angles with respect to the central hole axis 45 within a
range of angles at which the VA threaded head 59 is
configured to threadedly mate with the at least one thread
46 in the VA locking hole 54. For instance, the VA locking
screw 43 is configured to be inserted into the VA locking
hole 54 such that the central screw axis 53 is at one of
a plurality of angles within a range of angles defined by
the central screw axis 53 and the central hole axis 45 at
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which the VA threaded head 59 is configured to thread-
edly mate with each of the columns 50. The range of
angles can be disposed within a cone that is centered
about the central hole axis 45. Thus, the range of angles
can be disposed within a cone of up to thirty degrees.
The range of angles can be measured as 15 degrees
with respect to the central hole axis 45. The central hole
axis 45 can define the center of the cone. Thus, the VA
threaded head 59 of the VA locking screw 43 can mate
with the bone plate 30 in the manner described herein
both when central screw axis 53 of the VA locking screw
43 is coincident with the central hole axis 45 and when
the central screw axis 53 of the VA locking screw 43 is
at any other angle with respect to the central hole axis
45 within the range of angles.
[0048] Thus, it can be said that the at least one thread
46 is configured to threadedly mate with the VA threaded
head 59 while the VA locking screw 43 is inserted into
the VA locking hole 54 such that the central screw axis
53 is oriented at a first angle with respect to the central
hole axis 45, and the at least one thread 46 is further
configured to threadedly mate with the VA threaded head
59 when the VA locking screw 43 is inserted into the VA
locking hole 54 such that the central screw axis 53 is
oriented at a second angle with respect to the central
hole axis 45 that is different than the first angle. At least
one or both of the first and second angles can be non-
zero angles. Alternatively, the central screw axis 53 can
be coincident with the central hole axis 45 in one of the
orientations in the range of orientations. The at least one
thread 46 and the threads of the VA threaded head 59
are defined prior to insertion of the VA locking screw 43
into the VA locking hole 54. That is, the internal surface
39 is not designed or configured to cut or form threads
into the VA threaded head 59. Similarly, the VA threaded
head 59 is not designed or configured to cut or form
threads into the internal surface 39. It is recognized, how-
ever, that after locking of the VA locking screw 43 in the
VA locking hole 54, the respective roots of the thread
segments 60 that are mated with the VA threaded head
59 can undergo a small amount of elastic and/or plastic
deformation. The dimensions, angles, and characteris-
tics of the VA locking hole 54 described herein, alone
and in combination, are configured to minimize cross-
threading of the VA threaded head 59 of the VA locking
screw 43 when mating with the at least one thread 46 of
the VA locking hole 54.
[0049] Referring again to Figs. 6A-6C, the VA locking
hole 54 is configured to receive the VA locking screw 43
such that each of the columns 50 threadedly purchase
with the externally threaded VA threaded head 59 of the
VA locking screw 43 when the central screw axis 53 and
the central hole axis 45 define any angle within the range
of angles that are disposed within the cone. In particular,
the first column 50a threadedly purchases with the ex-
ternally threaded VA threaded head 59 of the VA locking
screw 43, the second column 50b threadedly purchases
with the externally threaded VA threaded head 59 of the

VA locking screw 43, and the third column 50c threadedly
purchases with the externally threaded VA threaded
head 59 of the VA locking screw 43. While different num-
bers of thread segments 60 of each of the columns 50a,
50b, and 50c can threadedly purchase with the externally
threaded VA threaded head 59 of the VA locking screw
43 depending on the angle defined by the central screw
axis 53 and the central hole axis 45, it can nonetheless
be said that the VA threaded head 59 is form fit in the VA
locking hole 54.
[0050] Thus, the thread segments 60 of the columns
50 and the external thread 78 of the VA threaded head
59 of the VA locking screw 43 can be configured to thread-
edly purchase with each other. In one example, the ex-
ternal thread 78 of the VA threaded head 59 of the VA
locking screw 43 defines a respective thread angle, and
the thread segments 60 of the columns 50 define a re-
spective thread angle. In one example, the thread angle
of the thread segments 60 can be greater than the thread
angle of the external thread 78 of the VA threaded head
59 of the VA locking screw 43. For instance, the thread
angle of the thread segments 60 can be in the range of
approximately 70 degrees and approximately 89 de-
grees. For instance, the thread angle of the thread seg-
ments 60 can be approximately 80 degrees. The thread
angle of the external thread 78 of the VA threaded head
59 of the VA locking screw 43 can be in the range of
approximately 50 degrees and approximately 70 de-
grees. For instance, the thread angle of the external
thread 78 of the VA threaded head 59 of the VA locking
screw 43 can be approximately 60 degrees. Thus, the
thread angle of the thread segment 60 and the external
thread 78 of the VA threaded head 59 of the VA locking
screw 43 can define a ratio between approximately 1:1
and 1.8:1. For instance, the ratio can be approximately
4:3.
[0051] Referring now to Figs. 7A-7B, the VA locking
hole 54 is further configured to mate with the threaded
head 33 of the standard-type locking screw 51. That is,
each of the columns 50 can purchase with the threaded
head 33 of the standard-type locking screw 51 when the
standard-type locking screw 51 is oriented at the nominal
orientation. Thus, the central screw axis 53 is at a pre-
determined orientation with respect to the central hole
axis 45, and at no other orientations with respect to the
central hole axis 45. The predetermined orientation can
be achieved when the central screw axis 53 is substan-
tially coincident with the central hole axis 45. It can there-
fore be said that the VA locking hole 54 can be configured
to selectively mate with the VA locking screw 43 and the
standard-type locking screw 51.
[0052] Thus, it is appreciated that the head 33 of the
standard-type locking screw 51 can define at least one
external thread 84. The external thread 84 of the head
33 of the standard-type locking screw 51 can be circum-
ferentially continuous about the central screw axis 53. It
should be appreciated, however, that the head 33 can
be alternatively constructed in any manner desired so as

17 18 



EP 3 768 181 B1

11

5

10

15

20

25

30

35

40

45

50

55

to threadedly mate with the at least one thread 46 in the
manner described herein. In one example, the external
surface of the head 33 of the standard-type locking screw
51 can be tapered radially inwardly as it extends along
the axially inward direction. For instance, the external
surface of the head 33 of the standard-type locking screw
51 can extend linearly in the axially inward direction.
Thus, the head 33 of the standard-type locking screw 51
can be conical in shape. The threaded external surface
of the head 33 of the standard-type locking screw 51 can
define a slope 86 that lies in a respective plane that also
includes the central screw axis 53. Further, the slope 86
can define an angle between 5 degrees and 25 degrees
with respect to each of the central hole axis 45 and the
screw axis 53, it being appreciated that the screw axis
53 is coincident with the central hole axis 45 when the
standard-type locking screw 51 is mated with the bone
plate 30 in the VA locking hole 54. In one example, the
angle of the slope 86 can be approximately 10 degrees.
[0053] The slope 86 can extend along the crests of the
at least one external thread 84. Alternatively, slope 86
can extend along the roots of the at least one external
thread 84. Accordingly, the slope 86 can be oriented sub-
stantially parallel with the centerlines 80 of the columns
50. Further, the slope 86 can be oriented oblique with
respect to the centerlines 80 of the recessed surfaces
61. Alternatively, it is recognized that the slope 86 can
be oriented substantially parallel with the centerlines 80
of the recessed surfaces 61.
[0054] Referring now to Figs. 8A-8C, the bone plate
30 can include a combination hole 90 that includes both
the VA locking hole 54 and the compression hole 52.
Thus, the internal surface 39 of the combination hole 90
can define both the VA locking hole 54 and the compres-
sion hole 52. The VA locking hole 54 and the compression
hole 52 of the combination hole 90 can be open to each
other along a direction that is perpendicular to one or
both of the central hole axis 45 of the VA locking hole 54
and the central hole axis 45 of the compression hole 52.
The central hole axis 45 of the VA locking hole 54 and
the compression hole 52 of the combination hole 90 can
be aligned with each other along the longitudinal L and
thus along the central axis of the bone plate 30, or along
any suitable alternative direction as desired.
[0055] The internal surface 39 of the bone plate 30 can
thus also define the compression surface 57 of the com-
pression hole 52 of the combination hole 90. Thus, the
axially outer perimeter 70 can define the axially outer
opening 72 to each of the VA locking hole 54 and the
unthreaded compression hole 52 that is open to the VA
locking hole 54. Similarly, the axially inner perimeter 74
can define the axially inner opening 76 to each of the VA
locking hole 54 and the unthreaded compression hole 52
that is open to the VA locking hole 54.
[0056] The compression surface 57 can extend be-
tween the outer surface 36 and the inner surface 34 as
described above. In one example, the internal compres-
sion surface 57 can extend to the outer surface 36. Al-

ternatively, the lead-in surface 66 can extend from the
internal compression surface 57 to the outer surface 36.
Further, the internal surface 39 of the compression hole
52 can define the undercut surface 68 as described
above with respect to the VA locking hole 54. At least a
portion up to an entirety of the compression surface 57
can be unthreaded. Accordingly, the unthreaded com-
pression head 58 of the compression screw 49 is config-
ured to bear against the bone plate 30, and in particular
the compression surface 57, in the compression hole 52
so as to apply a compressive force against the bone plate
30 toward the underlying bone 22.
[0057] In one example, the compression surface 57
can be concave in the axial direction with respect to the
central hole axis 45 of the compression hole 52. For in-
stance, the compression surface 57 can be dish shaped
or spherical. Thus, the compression surface 57 can be
configured to be placed in surface contact with the com-
pression head 58 of the compression screw 49. Alterna-
tively, the compression surface 57 can be linear in the
axial direction as it tapers radially inwardly toward the
central hole axis 45.
[0058] During operation, the shaft 35 of the compres-
sion screw 49 can be inserted through the compression
hole 52 of the combination hole 90 and driven into the
underlying bone 22 as described above. For instance,
the compression screw 49 can be inserted into the com-
pression hole 52 such that the central screw axis 53 is
oriented at any angle with respect to the central hole axis
45 within the range of angles described above. Rotation
of the compression screw 49 while the shaft 35 is thread-
edly purchased with the underlying bone 22 causes the
compression head 58 to bear against the compression
surface 57, and thus the internal surface 39, so as to
apply a compression force to the bone plate 30 that, in
turn, becomes compressed against the underlying bone
22.
[0059] Thus, it should be appreciated that the combi-
nation hole 90 is configured to selectively receive the
compression screw 49, the VA locking screw 43 de-
scribed above with reference to Figs. 6A-6C, and the
standard-type locking screw 51 described above with ref-
erence to Figs. 7A-7B, so as to fix the bone plate 30 to
the underlying bone 22. The internal surface 39 of the
combination hole 90 can define a neck 92 at an interface
between the VA locking hole 54 and the compression
hole 52. Two of the columns 50 of the VA locking hole
54 of the combination hole 90 can extend circumferen-
tially to the neck 92. The recess 48 between the two of
the columns 50 can thus extend into the compression
hole 52. The VA locking hole 54 of the combination hole
90 is otherwise as described above with respect to Figs.
1A-6C.

Claims

1. A bone plate (30) comprising:
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an inner surface (34) configured to face the un-
derlying bone (22), and an outer surface (36)
opposite the inner surface (34); and
an internal surface (39) that extends from the
outer surface (36) to the inner surface (34) so
as to define a hole (54) that is oriented along a
central hole axis (45), wherein the internal sur-
face (39) includes 1) a plurality of threaded re-
gions (62) that define respective columns (50)
of thread segments (60), and 2) a plurality of
recessed surfaces (61) that are disposed be-
tween respective adjacent ones of the thread
segments (60), the recessed surfaces (64) be-
ing offset radially outward with respect to the
columns (50) of thread segments (60),
wherein the bone plate (30) is configured to mate
with a threaded head (59) of a variable angle
locking screw (43) in the hole (54) at an angle
within a range of angles, such that the threaded
head (59) threadedly purchases with all of the
columns (50) of thread segments (60), and
wherein the angle is oblique to the central hole
axis (45),
characterized in that
the internal surface (39) defines a plurality of
transition regions (67) between the columns (50)
and respective adjacent ones of the recessed
surfaces (61), and
wherein respective depths of the thread seg-
ments (60) taper along the transition regions
(67) in a circumferential direction away from the
respective columns (50) to the respective re-
cessed surface (61).

2. The bone plate (30) as recited in claim 1, wherein
the recessed surfaces (61) are offset radially out-
ward with respect to respective the threaded regions
(62).

3. The bone plate (30) as recited in claim 1, wherein
the internal surface (39) defines a lead-in surface
(66) that is tapered radially inward from the outer
surface (36) to the columns (50).

4. The bone plate (30) as recited in claim 1, further com-
prising an undercut surface (68) that is tapered ra-
dially outward as it extends from the columns (50)
to the inner surface (34) tapered that extends from
the respective axially inner ends of the columns (50)
to the inner surface (34).

5. The bone plate (30) as recited in claim 1, wherein
the outer surface (36) defines a perimeter (70) of an
opening to the hole (54), and the perimeter (70) de-
fines a circle.

6. The bone plate (30) as recited in any one of claims
1 to5, wherein the recessed surfaces (61) are

smooth.

7. The bone plate (30) as recited in any one of claims
1 to 6, wherein the recessed surfaces (61) are de-
fined by respective radii that also define at least a
portion of the transition regions (67).

8. The bone plate (30) as recited in any one of claims
1 to7, wherein the recessed surfaces (61) and the
columns (50) define respective centerlines (80) that
are each oriented at a common angle with respect
to the central hole axis (45).

9. The bone plate (30) as recited in claim 8, wherein
the common angle is between approximately 5 de-
grees and approximately 30 degrees.

10. The bone plate (30) as recited in any one of claims
1 to 9, wherein no portion of the internal surface (39)
extends radially inward of the columns (50) and/or
wherein the range of angles is within a cone that is
centered about the central hole axis (45).

11. The bone plate (30) as recited in any one of claims
1 to 10, wherein the hole (54) is open to a compres-
sion hole (52) that is configured to receive a com-
pression screw (49) having an unthreaded head that
bears against the interior surface (39) so as to com-
press the bone plate (30) against the underlying
bone (22).

12. A system (20) comprising:

the bone plate (30) as recited in claim 1; and
the variable angle locking screw (43) recited in
claim 1.

13. The system (20) as recited in claim 12, wherein the
thread segments (60) of the bone plate (30) define
a thread angle, the threaded head (59) of the variable
angle locking screw (43) defines a thread angle, and
the thread angle of the thread segments (59) is great-
er than the thread angle of the threaded head (59).

14. The system (20) as recited in claim 13, wherein the
thread angle of the thread segments (60) of the bone
plate (30) and the thread angle of the threaded head
(59) of the variable angle locking screw (43) define
a ratio between greater than 1:1 and up to 1.8:1.

15. The system (20) as recited in claim 13, wherein the
thread angle of the thread segments (60) of the bone
plate (30) is approximately 80 degrees, and the
thread angle of the threaded head (59) of the variable
angle locking screw (43) is approximately 60 de-
grees.
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Patentansprüche

1. Knochenplatte (30), umfassend:

eine Innenseite (34), die dem darunter liegen-
den Knochen (22) zugewandt konfiguriert ist,
und eine Außenseite (36), die der Innenseite
(34) gegenüberliegt; und
eine Innenfläche (39), die sich von der Außen-
seite (36) zur Innenseite (34) erstreckt, um eine
Öffnung (54) zu bilden, die entlang einer Öff-
nungsmittelachse (45) ausgerichtet ist, wobei
die Innenfläche (39) 1) eine Vielzahl von Gewin-
debereichen (62), die jeweilige Reihen (50) von
Gewindesegmenten (60) definieren, und 2) eine
Vielzahl von vertieften Flächen (61) umfasst, die
zwischen jeweils benachbarten der Gewindes-
egmenten (60) angeordnet sind, wobei die ver-
tieften Flächen (64) in Bezug auf die Reihen (50)
der Gewindesegmente (60) radial nach außen
versetzt sind,
wobei die Knochenplatte (30) so konfiguriert ist,
dass diese mit einem Gewindekopf (59) einer
winkelverstellbaren Feststellschraube (43) in
der Öffnung (54) in einem Winkel innerhalb ei-
nes Winkelbereichs zusammenpasst, sodass
der Gewindekopf (59) mit allen Reihen (50) der
Gewindesegmente (60) ineinandergreift, und
wobei der Winkel schräg zur Öffnungsmittelach-
se (45) verläuft,
dadurch gekennzeichnet, dass
die Innenfläche (39) eine Vielzahl von Über-
gangsbereichen (67) zwischen den Reihen (50)
und jeweils benachbarten der vertieften Flächen
(61) definiert, und
wobei sich jeweilige Tiefen der Gewindeseg-
mente (60) entlang der Übergangsbereiche (67)
in Umfangsrichtung von den jeweiligen Reihen
(50) zu der jeweiligen vertieften Fläche (61) hin
verjüngen.

2. Knochenplatte (30) nach Anspruch 1, wobei die ver-
tieften Flächen (61) in Bezug auf die jeweiligen Ge-
windebereiche (62) radial nach außen versetzt sind.

3. Knochenplatte (30) nach Anspruch 1, wobei die In-
nenfläche (39) eine Einführfläche (66) definiert, die
sich von der Außenseite (36) zu den Reihen (50)
radial nach innen verjüngt.

4. Knochenplatte (30) nach Anspruch 1, die ferner eine
Hinterschnittfläche (68) umfasst, die sich radial nach
außen verjüngt, während diese sich von den Reihen
(50) bis zur konischen Innenseite (34) erstreckt, die
sich von den jeweiligen axial inneren Enden der Rei-
hen (50) zur Innenseite (34) erstreckt.

5. Knochenplatte (30) nach Anspruch 1, wobei die Au-

ßenseite (36) einen Umfang (70) einer Mündung bis
zur Öffnung (54) definiert und der Umfang (70) einen
Kreis definiert.

6. Knochenplatte (30) nach einem der Ansprüche 1 bis
5, wobei die vertieften Flächen (61) glatt sind.

7. Knochenplatte (30) nach einem der Ansprüche 1 bis
6, wobei die vertieften Flächen (61) durch jeweilige
Radien definiert sind, die auch zumindest einen Ab-
schnitt der Übergangsbereiche (67) definieren.

8. Knochenplatte (30) nach einem der Ansprüche 1 bis
7, wobei die vertieften Flächen (61) und die Reihen
(50) jeweilige Mittellinien (80) definieren, die jeweils
in einem gemeinsamen Winkel in Bezug auf die Öff-
nungsmittelachse (45) ausgerichtet sind.

9. Knochenplatte (30) nach Anspruch 8, wobei der ge-
meinsame Winkel zwischen etwa 5 Grad und etwa
30 Grad liegt.

10. Knochenplatte (30) nach einem der Ansprüche 1 bis
9, wobei sich kein Abschnitt der Innenfläche (39) von
den Reihen (50) radial nach innen erstreckt,
und/oder
wobei der Bereich der Winkel innerhalb eines Kegels
liegt, der um die Öffnungsmittelachse (45) zentriert
ist.

11. Knochenplatte (30) nach einem der Ansprüche 1 bis
10, wobei die Öffnung (54) in einer Kompressions-
öffnung (52) mündet, die zum Aufnehmen einer
Kompressionsschraube (49) mit einem gewindelo-
sen Kopf konfiguriert ist, der an der Innenfläche (39)
anliegt, um die Knochenplatte (30) gegen den dar-
unter liegenden Knochen (22) zu drücken.

12. System (20), umfassend:

die Knochenplatte (30) nach Anspruch 1; und
die winkelverstellbare Feststellschraube (43)
nach Anspruch 1.

13. System (20) nach Anspruch 12, wobei die Gewinde-
segmente (60) der Knochenplatte (30) einen Gewin-
dewinkel definieren, der Gewindekopf (59) der win-
kelverstellbaren Feststellschraube (43) einen Ge-
windewinkel definiert, und der Gewindewinkel der
Gewindesegmente (59) größer als der Gewindewin-
kel des Gewindekopfes (59) ist.

14. System (20) nach Anspruch 13, wobei der Gewin-
dewinkel der Gewindesegmente (60) der Knochen-
platte (30) und der Gewindewinkel des Gewindekop-
fes (59) der winkelverstellbaren Verriegelungs-
schraube (43) ein Verhältnis zwischen größer als 1:1
und bis zu 1,8: 1 definieren.
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15. System (20) nach Anspruch 13, wobei der Gewin-
dewinkel der Gewindesegmente (60) der Knochen-
platte (30) etwa 80 Grad beträgt und der Gewinde-
winkel des Gewindekopfes (59) der winkelverstell-
baren Feststellschraube (43) etwa 60 Grad beträgt.

Revendications

1. Lame osseuse (30), comprenant :

une surface intérieure (34) configurée pour faire
face à l’os sous-jacent (22), et une surface ex-
térieure (36) face à la surface intérieure (34), et
une surface interne (39), laquelle s’étend de la
surface extérieure (36) à la surface intérieure
(34) de manière à définir un trou (54), lequel est
orienté le long d’un axe de trou central (45), dans
laquelle la surface interne (39) inclut 1) une plu-
ralité de régions filetées (62), lesquelles définis-
sent des colonnes respectives (50) de segments
de filet (60), et 2) une pluralité de surfaces en
retrait (61), lesquelles sont disposées entre des
segments adjacents respectifs de segments de
filet (60), les surfaces en retrait (64) étant déca-
lées de manière radiale et vers l’extérieur par
rapport aux colonnes (50) de segments de filet
(60),
dans laquelle la lame osseuse (30) est configu-
rée pour s’accoupler avec une tête filetée (59)
d’une vis de blocage à angle variable (43) dans
le trou (54) suivant un angle dans les limites
d’une plage d’angles, de telle sorte que la tête
filetée (59) vient en prise par filetage avec toutes
les colonnes (50) des segments de filet (60), et
dans laquelle l’angle est oblique par rapport à
l’axe de trou central (45),
caractérisée en ce que
la surface interne (39) définit une pluralité de
régions de transition (67) entre les colonnes (50)
et des surfaces adjacentes respectives des sur-
faces en retrait (61), et
dans laquelle des profondeurs respectives des
segments de filet (60) présentent un amincisse-
ment progressif le long des régions de transition
(67) dans une direction circonférentielle s’éloi-
gnant des colonnes respectives (50) vers la sur-
face en retrait respective (61).

2. Lame osseuse (30) selon la revendication 1, dans
laquelle les surfaces en retrait (61) sont décalées de
manière radiale et vers l’extérieur par rapport aux
régions filetées (62).

3. Lame osseuse (30) selon la revendication 1, dans
laquelle la surface interne (39) définit une surface
d’introduction (66), laquelle présente un amincisse-
ment progressif de manière radiale et vers l’intérieur

de la surface extérieure (36) vers les colonnes (50).

4. Lame osseuse (30) selon la revendication 1, com-
prenant en outre une surface de contre-dépouille
(68), laquelle présente un amincissement progressif
de manière radiale et vers l’extérieur à mesure qu’el-
le s’étend des colonnes (50) vers la surface intérieu-
re (34) avec un amincissement progressif s’étendant
des extrémités intérieures de manière axiale respec-
tives des colonnes (50) vers la surface intérieure
(34).

5. Lame osseuse (30) selon la revendication 1, dans
laquelle la surface extérieure (36) définit un périmè-
tre (70) d’une ouverture vers le trou (54), et le péri-
mètre (70) définit un cercle.

6. Lame osseuse (30) selon l’une quelconque des re-
vendications 1 à 5, dans laquelle les surfaces en
retrait (61) sont lisses.

7. Lame osseuse (30) selon l’une quelconque des re-
vendications 1 à 6, dans laquelle les surfaces en
retrait (61) sont définies par des rayons respectifs,
lesquels définissent également au moins une portion
des régions de transition (67).

8. Lame osseuse (30) selon l’une quelconque des re-
vendications 1 à 7, dans laquelle les surfaces en
retrait (61) et les colonnes (50) définissent des lignes
centrales respectives (80), lesquelles sont chacune
orientées suivant un angle commun par rapport à
l’axe de trou central (45).

9. Lame osseuse (30) selon la revendication 8, dans
laquelle l’angle commun est compris entre approxi-
mativement 5 degrés et approximativement 30 de-
grés.

10. Lame osseuse (30) selon l’une quelconque des re-
vendications 1 à 9, dans laquelle aucune portion de
la surface interne (39) ne s’étend de manière radiale
vers l’intérieur des colonnes, et/ou
dans laquelle la plage d’angles est comprise dans
les limites d’un cône, lequel est centré autour de l’axe
de trou central (45).

11. Lame osseuse (30) selon l’une quelconque des re-
vendications 1 à 10, dans laquelle le trou (54) est
ouvert vers un trou de compression (52), lequel est
configuré pour recevoir une vis de compression (49)
présentant une tête non filetée, laquelle appuie con-
tre la surface intérieure (39) de manière à comprimer
la lame osseuse (30) contre l’os sous-jacent (22).

12. Système (20), comprenant :

la lame osseuse (30) selon la revendication 1, et
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la vis de blocage à angle variable (43) selon la
revendication 1.

13. Système (20) selon la revendication 12, dans lequel
les segments de filet (60) de la lame osseuse (30)
définissent un angle de filet, la tête filetée (59) de la
vis de blocage à angle variable (43) définit un angle
de filet, et l’angle de filet des segments de filet (59)
est supérieur à l’angle de filet de la tête filetée (59).

14. Système (20) selon la revendication 13, dans lequel
l’angle de filet des segments de filet (60) de la lame
osseuse (30) et l’angle de filet de la tête filetée (59)
de la vis de blocage à angle variable (43) définissent
un rapport égal à une valeur supérieure à 1 : 1 et
allant jusqu’à 1,8 : 1.

15. Système (20) selon la revendication 13, dans lequel
l’angle de filet des segments de filet (60) de la lame
osseuse (30) est approximativement égal à 80 de-
grés, et l’angle de filet de la tête filetée (59) de la vis
de blocage à angle variable (43) est approximative-
ment égal à 60 degrés.
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