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BONE PLATES

Cross-Reference to Priority Applications
This application claims the priority under all applicable national and

international law of the following earlier-filed applications: U.S. Provisional
Patent Application Serial No. 60/498,866, filed August 28, 2003; U.S.
Provisional Patent Application Serial No. 60/548,685, filed February 26, 2004;
and U.S. Patent Application Serial No. 10/927,824, filed August 27, 2004, titled

'BONE PLATES, and naming Thomas J. Ellis, Joel Gillard, and Steven P. Horst

as inventors. These applications are incorporated herein by reference in their
entirety for all purposes.
' Background
The human skeleton is composed of 206 individual bones that perform a
variety of important functions, including support, movement, protection, storage
of minerals, and formation of blood cells. These bones can be grouped into two

‘categories, the axial skeleton and the appendicular skeleton. The axial skeleton

consists of 80 bones that make up the body’s center of gravity, and the
appendicular skeleton consists of 126 bones that make up the body’'s
appendages. The axial skeleton includes the skull, vertebral column, ribs, and -
sternum, among others, and the appendicular skeleton includes the long bones
of the upper and lower limbs, and the clavicles and other bones that attach
these long bones to the axial skeleton, among others.

To ensure that the skeleton retains its ability to perform its important
functions, and to reduce pain and disfigurement, fractured bones should be
repaired promptly and properly. Typically, fractured bones are treated using
fixation devices, which reinforce the fractured bones and keep them aligned
during healing. Fixation devices may take a variety of forms, including casts for
external fixation and bone plates for internal fixation, among others. Casts are
minimally invasive, allowing reduction and fixation of simple fractures from
outside the body. In contrast, bone plates are internal devices that mount
directly to bone to span a fracture.

SUBSTITUTE SHEET (RULE 26)
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Trauma to the torso may result in fraciure of one or more ribs.
Frequently, a simple rib fracture is nondisplaced, so that reduction and/or
internal fixation of the fracture may not be required. However, in cases of more
severe trauma to the chest, a single rib may be fractured more severely and/or
multiple rib fractures may occur. With multiple rib fractures, a section of the
thoracic wall may become detached from the rest of the chest wall, a condition
known to medical practitioners as “flail chest”. A flail chest condition often
results in paradoxical motion of the injured area, in which the freely floating
thoracic section is drawn in during inspiration, and pushed out during
expiration. This condition may result in severe respiratory disiress, possibly
requiring the patient to be sedated and/or intubated during early stages of
healing. Fixing single or multiple rib fractures internally may alleviate
paradoxical motion, reduce pain, and/or help to prevent secondary injuries.

Internal fixation of a rib fracture may be accomplished using a bone plate
to span the fracture. A bone plate suitable for treating fractured ribs may be
custom-contoured (i.e., bent) by a surgeon to conform to a region of a rib
spanning a fracture, and then fastened to the rib on both sides of the fracture.
The plate thus fixes the rib to permit healing. The plate may be fastened to the
fractured rib using fasteners, such as bone screws, wires, and/or suture
material, among others. Alternatively, a bone plate may be used that has
prongs disposed along its length. The prongs may be crimped so that they
grasp the rib to fasten the bone plate to the rib.

Each of these plating techniques may have disadvantages for rib
fixation. For example, these téchniques may not sufficiently stabilize the rib to
provide adequate flexural and torsional support for the rib at the fracture site.
Bone screws may not achieve adequate purchase in ribs to stabilize a bone
plate because ribs are relatively thin and their bone density is low. Wires,
suture material, and/or prongs also may not offer sufficient bone plate
stabilization because they are not rigid enough. Each of these plating
techniques thus may permit movement at the fracture with each breath,
causing substantial pain and compromising the healing process. Furthermore,
wires, suture material, and/or prongs may press on- and damage a
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neurovascular bundle disposed on the inferior surface of ribs, if these fasteners
are placed over this bundle during bone plate installation. Placement of these
fasteners between the neurovascular bundie and bone still may damage the
bundle and generally increases the time in surgery.
Summary

The present teachings provide systems, including methods, apparatus,

and kits, for fixing bones, such as rib bones, with bone plates.
Brief Description of the Drawings

Figure 1 is a view of an exemplary bone plate secured to and fixing a
fractured rib bone, in accordance with aspects of the present teachings.

Figure 2 is an exploded view of the bone plate of Figure 1.

Figure 3 is a view of an exemplary assembled configuration for
components of the bone plate of Figure 1, in accordance with aspects of the
present teachings.

Figure 4 is a view of an alternative exemplary assembled configuration
for the components of the bone plate of Figure 1, in accordance with aspects of
the present teachings.

Figure 5A is a fragmentary sectional view of the bone plate of Figure 1
without the rib bone, taken generally along line 5A-5A of Figure 1, and
illustrating a bone screw extending through a pair of aligned plate apertures
including an exemplary locking aperture, in accordance with aspects of the
present teachings.

Figure 5B is a fragmentary sectional view of another exemplary locking
aperture engaged with a bone screw, in accordance with aspects of the present
teachings.

Figure 6 is a view of a portion of the bone plate of Figures 1-4, as
indicated in Figure 2, and including the locking aperture of the pair of aperiures
of Figure 5A, in accordance with aspects of the present teachings.

Figure 7 is a partially sectional view of a bone caliper being used to
measure the thickness of a bone, in accordance with aspects of the present

teachings.
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Figure 8 is a sectional view of a clip component of a bone plate received
on a bending die, in accordance with aspects of the present teachings.

Figure 9 is a partially sectional view of the clip component of Figure 8
being pushed against the bending die of Figure 8, to bend the clip component
and adjust the contour of the clip component to fit a bone, in accordance with
aspects of the present teachings.

Figure 10 is a partially sectional view of the clip component of Figure 9
received on a bone and defining a drilling path for a drill bit of a drill forming a
hole in the bone between a pair of apertures of the clip component, with an
adjustable depth stop being used to limit the depth of the drill bit in the bone, in
accordance with aspects of the present teachings. {

Figure 11 is a partially sectional view of the clip component and bone of
Figure 10 after placement of a bone screw through the bone and between the
pair of apertures to secure the clip component to the bone, in accordance with
aspects of the present teachings.

Figure 12 is a partially sectional view of a die assembly holding a plate
member before the plate member is bent into a clip component, in accordance
with aspects of the present teachings.

Figure 13 is a partially sectional view of the die assembly and plate
member of Figure 12 after the die assembly has been used to bend the plate
member into a clip component, in accordance with aspects of the present
teachings.

Figure 14 is a view of another exemplary bone plate for fixing a fractured
rib bone, with components of the bone plate disposed in an exemplary
assembled conﬂguration, in accordance with aspects of the present teachings.

Figure 15 is a view of yet another exemplary bone plate for fixing a
fractured rib bone, with components of the bone plate disposed in an
exemplary assembled configuration and corresponding to in structure to plaie
components of Figures 1-4, in accordance with aspects of the present

teachings.
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Figure 16 is a view of still another exemplary bone plate for fixing a
fractured rib bone, with the bone plate configured as a unitary version of the
bone plate of Figures 1-4, in accordance with aspects of the present teachings.

Detailed Description

The present teachings provide systems, including methods, apparatus,
and kits, for fixing bones, such as rib bones, with bone plates. The bone plates
may include at least one clip portion configured to be received on a bone so
that the clip portion wraps at ieast partially around the bone and extends at
least to generally opposing surfaces of the bone. The clip portion may include
at least one aperture for receiving a fastener, such as a bone screw, placed
into bone. In some embodiments, the clip portion may include one or more
;)airs of aligned apertures for receiving a fastener placed through the bone and
extending between the aligned apertures. In some examples, at least one of
the aligned apertures may be a locking aperture that restricts axial movement
of the fastener. The locking aperture may be circular and/or elongate, with a
thread or an offset lip, among others, to engage the fastener. The bone plates
may include at least one spanning portion configured to extend from the clip
portion, generally along the bone, so that a fracture or other bone discontinuity
is spanned by the plates. In some examples, the bone plates, when installed on
bone, may include at least two clip portions ‘connected by a spanning portion.
The clip portions and the spanning portion may be formed unitarily in a single
plate component or may be formed by two or more plate components that may
be assembled on (and/or off) the bone. The bone plates of the present
teachings may be secured more effectively to bones, such as fractured ribs, to
provide improved stabilization of the bones, better healing, less pain, and/or
less damage to associated soft tissue.

The bone plates may be part of a kit for fixing bones. The kit may
include, for example, one or more plates and/or plate components, fasteners
for securing the plates to bone, and/or apparatus for measuring bone, bending
plates/plate components to fit bone, forming holes in bone, and/or driving
fasteners into bone, among others.



10

15

20

25

30

WO 2005/020800 PCT/US2004/028253

These and other aspects of the present teachings are described below,
including, among others, (I) overview of the bone plates, (i) accessories and
kits, (Ill) methods of using the bone plates, and (IV) examples.

I Overview of the Bone Plates

Figure 1 shows an exemplary bone plate 20 fixing a fractured rib bone
22. Bone plate 20 may include one or more clip portions 24, 26 received on the
bone and wrapping at least partially around the bone. For example, in the
present illustration, the clip portions have been received from the superior side
of (from above) the rib bone to appose superior surface 28 and generally
opposing surfaces 30, 32 (such as anterior and posterior, outward and inward,
and/or medial and lateral surfaces, among others) of the rib bone. Each clip
portion thus may include a pair of generally opposing arms 34, 36 extending
from and connected by a bridge region 38 (see Figure 2). Plate 20 also may
include a spanning portion 40 extending generally axially along the bone and
spanning a fracture 42 in the bone (see Figure 1). The spanning portion may
extend between the clip portions, to connect the clip portions.

Bone plate 20 may be secured to bone 22 using suitable fasteners, such
as bone screws 44. The bone plate thus may define one or more apertures 46
for receiving the bone screws. The apertures may be disposed so that the bone
plate can be secured with bone screws to bone pieces 48, 50 created by
fracture 42 and disposed on opposing sides of the fracture.

Figure 2 shows bone plate 20 before assembly, and Figures 3 and 4
show bone plate 20 after assembly into different configurations. The bone plate
may be unitary or may include two or more plate components 52, 54 configured
to be secured to one another and to bone. In some examples, each plate
component may include a clip portion, and one or more plate components may
include a spanning portion. A spanning portion may be connected to a clip
portion unitarily in a plate component, as shown for component 52.
Alternatively, or in addition, a spanning portion in a first plate component may
be connected to a clip portion in a second plate component with a fastening
mechanism. For example, the plate components may be configured to be
placed into an overlapped configuration, shown at 56 in Figure 3, so that an
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outer surface 58 of component 52 overlaps and abuts an inner surface 60 of
component 54 (see Figure 2). Alternatively, as shown in Figure 4, or in addition,
the plate components may be overlapped so that an inner surface of
component 52 overlaps and abuts an outer surface of component 54.
Accordingly, a distal end region 62 of the spanning portion may be interposed
between a clip portion and bone (see Figure 3), or may be spaced from bone
by the clip portion (see Figure 4). The placement shown in Figure 4 may space
the inner surface of the spanning portion from the underlying bone and thus
may be used, for example, in situations where it is desirable to leave a small
gap between the bone plate and the bone in the vicinity of a fracture. This may
promote a relatively greater blood supply to the bone near the fracture, possibly
leading to faster healing in some cases.

Each of the plate components may include one or more apertures
configured to be aligned with, and generally abut, a corresponding aperture of
the other component, such as abutted aperture pair 64, 66 (see Figures 2 and
3). In some examples, the bone plates may have at least two pairs of abutted
apertures provided by overlapping plate components, which may secure the
plate components to one another more effectively. In some examples, two or
more alternative alignments of abutted apertures may be permitted, so that the
spacing between clip portions can be selected from two or more possible
spacings (see Example 1).

Each clip portion may include one or more pairs of aligned apertures
configured to be disposed adjacent generally opposing surfaces of a bone. For
example, spaced aperture pair 68, 70 (see Figure 2) may be configured to
receive a bone screw 72 that extends through bone between apertures of the
aperture pair (see Figures 1 and 5A). In some examples, the clip portion may
include at least two spaced pairs of apertures, to secure the clip portion to bone
more effectively and thus provide better stabilization of bone. Alternatively, the
fastener may extend through a single aperture or an abutted aperture pair into
bone, but not completely through the bone. In any case, one or more of the

apertures may be a locking aperture, that is, an aperture configured to engage
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the fastener so that axial movement of the fastener in both axial directions is
restricted.

In the present illustration, distal aperture 70 is an elongate locking
aperture (a locking slot) having an offset lip with offset ridges 74, 76 (an offset
lip) formed by opposing walls of this elongate aperture. The ridges may be at
least partially linear, extending parallel to the long axis of the aperture. Ridges
74, 76 may be configured to be received between adjacent (or nonadjacent)
thread segments 78 of a thread 80 formed on the shaft of bone screw 72, so
that engagement between ridges 74, 76 (or one ridge) and the thread
segments locks the bone screw to the plate. Furthermore, rotation of the bone
screw after the head of the bone screw has engaged the plate may urge the
arms of clip portion toward each other, because the shaft of the screw can
advance relative to the locking aperture 70, whereas the head of the screw
cannot advance relative to proximal aperture 68. Accordingly, this rotation may
adjust the spacing of the arms and/or compression of the bone by the clip
portion.

Figure 5B shows another example of an elongate locking aperture 82
receiving a bone screw. In this example, only one of two opposing walls of the
locking aperture has a ridge 84 configured to be received between thread
segments of the bone screw.

Figure 6 shows a portion of the bone plate including locking aperture 70.
The locking aperture may be formed from an oval aperture flanked by recessed
and/or thinned regions 86, 88 of the plate formed on inner and outer surfaces
90, 92 of the plate, respectively, and with opposing walls 94, 96 of the aperture.
Alternatively, only one of the surfaces may be recessed, to form only one ridge
or lip region to be received between thread segments (see Figure 5B). Locking
apertures, and particularly an aligned, spaced pair of apertures that include a
locking feature, may secure the plate to the bone more effectively than a
nonlocking aperture or aperture pair and thus may provide better fixation of the
bone. Further aspects of locking apertures, particularly elongate locking
apertures, are included in U.S. Provisional Patent Application Serial No.
60/548,685, filed February 26, 2004, which is incorporated herein by reference.
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Further aspects of the bone plates are described in the following sub-
sections, including, among others, (A) clip portions, (B) spanning portions, (C)
apertures, and (D) plate components.

A. Clip Portions

The bone plates each may include one or more clip portions. A clip
portion, as used herein, is any region of a plate configured to be received by a
bone so that the clip portion is disposed adjacent generally opposing surfaces
of the bone. Accordingly, the clip portion may extend in a generally
circumferential direction at least partially (or completely) around a bong, to
wrap at least partially (or completely) around the bone. The clip portion may
extend along any suitable portion of a bone’s circumference, such as about
one-fourth to three-fourths.

A clip portion may have any suitable contour or shape. For example, the
clip portion may match, at least substantially, a surface contour of a bone for
which the clip portion is configured. In some examples, the clip portion may be
generally U-shaped, V-shaped, or O-shaped, among others, with a generally
curved and/or angular contour. The clip portion thus may contact the bone
along any suitable extent of the inner surface of the clip portion. The clip portion
may have first and second regions (the arms) configured to be disposed
adjacent generally opposing bone surfaces, and a third region (the bridge
region) extending between the first and second regions. In some examples, the
clip portion may be included in a plate or plate component having a fourth
region (the spanning portion) extending from the clip portion, such as from only
one of the first and second regions. In some examples, both the arms (or only
one arm) and the bridge region of the clip portion may contact the bone. In
some examples, the bridge region may be spaced from the bone. The clip
portion may be contoured before and/or during installation according to the
shape of bone (see Section lll).

A clip portion may be configured to be received on and contact any
suitable side(s) of a bone. The clip portion thus may be received from a
superior, inferior, anterior, posterior, lateral, and/or medial direction, among
others, onto the bone. The bridge region of the clip portion thus may be
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positioned adjacent the corresponding surface of the bone or may be rotated
after the clip portion is received so the bridge region is positioned adjacent a
different surface of the bone. Furthermore, the arms of the clip portion may be
configured to be disposed adjacent any suitable generally opposing bone
surfaces, such as surfaces that are posterior and anterior, inward and outward,
medial and lateral, superior and inferior, or a combination thereof. In exemplary
embodiments, for the purposes of illustration, the clip portion may be received
from a superior direction onto a rib. The bridge region of the clip portion thus
may be disposed adjacent and/or in engagement with a superior surface of the
rib, and the arms of the clip portion thus may be disposed adjacent and/or in

- engagement with inward (internal) and outward external) surfaces of the rib,

generally anterior and posterior surfaces and/or medial and lateral surfaces.
Two or more clip portions may have the same or different orientations on bone,
to appose and/or contact the same or different sides/surfaces of the bone.

A clip portion may have any suitable spacing, structure, and disposition
of its arms. Generally the arms may be spaced about the same as the distance
between generally opposing surfaces of a target bone, that is, about the width,
thickness, and/or diameter of the bone where the clip portion will be disposed.
However, in some examples, the arms may be spaced somewhat greater than
this width or diameter, at least when the clip portion is first placed on bone, to
facilitate placement. Alternatively, the arms may be spaced somewnhat less than
this width or diameter, so that the clip portion may be “snapped” onto bone. The
arms may be generally linear or may bend along their long axes. Furthermore,
the arms may be nontwisted or may twist. The arms may be at least
substantially parallel, or may diverge or converge toward their distal ends
(spaced from the bridge region).

A clip portion may have any suitable width. The width of the clip portion
may be measured between opposing edges of the arms and/or the bridge
region, for example, generally parallel to the long axis of the bone when the clip
portion is disposed on bone. The width may be substantially greater than the
thickness of the bone plate (generally at least about twice the thickness), so
that the clip portion is plate-like rather than rod-like. The width may be generally
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constant within each arm and/or within the bridge region. Alternatively the width
may vary within one or both arms, between the arms, within the bridge region,
or between the arms and the bridge region. For example, the arms may taper
away from the bridge region. Alternatively, or in addition, the bridge region may
be narrower than the arms, to facilitate bending the bridge region (e.g., to
facilitate adjustment of the spacing of the arms), or the arms may be narrower
than the bridge region (e.g., to facilitate adjustment by bending the arms). In
some embodiments, the clip portion may include one or more narrowed
regions, at which the clip portion may be selectively bent, such as within one or
both arms or the bridge region, and/or at a junctions between a arm and the
bridge region. Exemplary widths of the bridge region include about 2-50 mm or
about 5-20 mm, among others.

A clip portion may have any suitable thickness. The thickness may be
selecied based on various considerations, such as reducing the profile of the
clip portion on bone, providing a sufficient strength to fix bone, bendability,
providing a sufficient thickness to form an offset lip or a thread in an aperture
for engaging a fastener thread, and/or the like. Exemplary thicknesses include
about 0.2-3 mm or about 0.5-2 mm, among others.

A clip portion may have any suitable number, shape, and arrangement
of apertures. The clip portion may have no apertures or may have one or more
apertures. Each aperture may be circular, square, elongate (such as oval,
elliptical, rectangular, etc.), and/or the like. Each aperture may include or lack a
counterbore. The aperture may be locking or nonlocking. Locking apertures
generally include a retention structure to engage a fastener, such as through a
thread of the fastener, and restrict axial movement of the fastener in both axial
directions. The structure may be one or more ridges formed by the wall of a
locking aperture. The ridges may be generally helical, to form a thread, at least
partially linear to form a locking slot, and/or the like. Further aspects of locking
slots are described above and in U.S. Provisional Patent Application Serial No.
60/548,685, filed February 26, 2004, which is incorporated herein by reference.
The apertures may be disposed in the arms and/or the bridge region of the clip
portion. If two or more apertures are included in a clip portion, the apertures
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may be arrayed across the width and/or along the length of one or more arms
and/or the bridge region, and/or may have a staggered disposition. In some
examples, one or more pairs of apertures may be aligned, that is, configured to
receive the same fastener with each aperture of the pair. Apertures of an
aligned pair may be disposed in the arms and/or in the bridge region and one
arm, among others. Each aligned pair of apertures may include zero, one, or
two locking apertures. Apertures of an aligned pair may have the same general
shape, such as oval or circular, or may have different shapes, such as oval and
circular, among others. Furthermore, apertures of an aligned pair may be of
generally the same size, such as about the same length and/or width, or may
have different lengths and/or widths. In exemplary embodiments, apertures of
an aligned pair may be have about the same length, with one of the apertures
being narrower than the other to create retention structure to lock a fastener in
position. Providing two or more aligned pairs of apertures in the clip portion
may lead to enhanced torsional and/or bending stability of the fracture site, by
inhibiting rotation of the clip portion relative to the bone. The thickness of the
bone plate adjacent the aperture(s) (in the clip portion and/or other portions of
the plate) may be generally the same as, less than, or greater than the
thickness of the plate away from the aperture(s). Plate thinning near the
apertures may provide a recess for reducing the profile of fasteners placed in
the apertures, and plate thickening near the apertures may reinforce the
aperture.

B. Spanning Portions

The bone plates each may include one or more spanning portions. A
spanning portion, as used herein, is any region of a bone plate configured to
extend between two or more clip portions of the plate. Accordingly, the
spanning portion may extend in a generally axial direction along a bone,
generally spanning a discontinuity (such as a fracture) of the bone.

A spanning portion may have any suitable contour or shape. For
example, the spanning portion may match, at least substantially, a surface
contour of a bone for which the spanning portion is configured. For example,

the spanning portion may be generally linear or bent as it extends between clip
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portions (along its spanning axis). If bent, the spanning portion may have a
concave and/or convex bend along its inner surface, based, for example, on
the surface contour of a bone for which the spanning portion is configured. The
spanning portion also may be linear or curved across its width (and on its inner
and/or outer surfaces), based, for example, on a local circumferential contour of
the bone that is linear or curved, respectively. The spanning portion thus may
be configured to contact the bone along any suitable extent of its inner surface.
The spanning portion may be bent before and/or during installation according to
the shape of bone or may be nonbent.

A spanning portion may be configured to be received on any suitable
side/surface of a bone. The spanning portion thus may be disposed adjacent a
superior, inferior, anterior, posterior, lateral, and/or medial bone surface, among
others. In some examples, the spanning portion may be disposed adjacent only
one surface of a bone, such as superior, inferior, outward (external), or inward
(internal; e.g., an inward surface of a rib bone). Outward and inward surfaces,
as used herein, refer the generally opposing surfaces of the ribs that are
flanked by superior and inferior rib bone surfaces. In some examples, the
spanning portion may be disposed adjacent and may contact two or more bone
surfaces, such as superior and outward surfaces; superior and inward surfaces;
superior, inward, and outward surfaces; and/or the like. The spanning portion
thus may extend along bone from any suitable region(s) of each clip portion.
Exemplary regions include only one arm, one arm and the bridge region, two
arms, or two arms and the bridge region of the clip portion.

A spanning portion may have any suitable dimensions, such as length
(L; generally measured along the spanning dimension and along a bone), width
(W; generally measured), and thickness (T). Here, L2W>T. The length may be
measured along the spanning dimension, that is, along a bone with the bone
plate installed. The width may be measured along the circumferential
dimension, that is, around the bone with the bone plate installed. However, in
some examples, the spanning dimension may be about the same as or less
than the circumferential dimension. For example, the spanning portion may be

relatively short and the clip portions relatively long, as measured along bone, or
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the clips portions may be secured directly to one another or formed unitarily,
without a distinct spanning portion. The width and/or circumferential dimension
of the spanning portion may be determined, at least partially, by the extent
each clip portion from which the spanning portion extends, as described above.
Furthermore, the width and/or circumferential dimension of the spanning
portion may be substantially greater than the thickness of the bone plate
(generally at least about twice the thickness), so that the spanning portion is
plate-like rather than rod-like. The width may be generally constant or may vary
as the spanning portion exiends between the clip portions. In some
embodiments, the spanning portion may include one or more narrowed regions
at which the spanning portion may be selectively bent. Exemplary average
widths of the spanning portion include about 2-30 mm or about 5-20 mm,
among others. The thickness of the spanning portion may be about the same
as, less than, or greater than the thickness of the clip portions. The thickness
may be selected based on various considerations, such as reducing the profile
of the spanning portion above bone, a sufficient strength to fix bone,
bendability, and/or the like. The thickness may be constant or may vary, for
example, at regions of overlap with another plate component and/or near
apertures (as described above). Exemplary thicknesses of the spanning portion
include about 0.2-3 mm or about 0.5-2 mm, among others.

A spanning portion may have any suitable number, shape, and
arrangement of apertures. The spanning portion may have no apertures or may
have one or more apertures. Each aperture may be circular, square, elongate
(such as oval, elliptical, rectangular, etc.), and/or the like. Each aperture may
include or lack a counterbore. The aperture may be locking or nonlocking, as
described above for clip portions. If two or more apertures are included in a
spanning portion, the apertures may be arrayed across the width and/or along
the length, and/or may have a staggered disposition, among others. In some
examples, one or more apertures of the spanning portion may be configured to
be aligned with, and generally abut, corresponding apertures of a clip portion.
Accordingly, the spanning portion may have two or more apertures that align

with two or more apertures of a clip portion, to facilitate securing the spanning
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portion to the clip portion with fasteners. In some examples, the spanning
portion may have three or more apertures configured to permit the clip portion
to be aligned alternatively with two or more pairs of the apertures. In some
examples, the spanning portion may have apertures configured so that two or
more clip portions can be secured to the spanning portion with fasteners at
nonoverlapping positions of the spanning portion. These apertures may be
arranged for securing the clip portions to opposing end regions of the spanning
portion and/or to one or more intermediate regions of the spanning portion,
among others.

C. Apertures

The bone plates may have apertures to perform any suitable functions.
For instance, apertures may be configured to receive fasteners for securing
plate components to each other and/or to a fractured bone. Alternatively, or in
addition, apertures may be provided that are adapted to alter the local rigidity of
the plates and/or to facilitate blood flow to the fracture to promote healing.

The apertures may have any suitable geometry(ies). For example, some
apertures may be substantially oval, whereas other apertures may be
substantially circular. Oval apertures may be used, for example, to permit
flexibility in placement of a fastener in a range of translational and/or angular
positions within the aperture. Furthermore, oval apertures may permit a bone
plate and/or plate component to slide parallel to the long axis of an oval
aperture, to facilitate adjustment of the plate and/or plate component position,
after a fastener has been received in the aperture and in bone. Oval apertures
also may function as compression slots that bias a fastener toward or away
from a discontinuity in the underlying bone. Circular apertures may be locking
(such as threaded) or nonlocking apertures. Alternatively, or in addition, to
engage a threaded fastener, the circular (or other) apertures may be configured
such that a nut, clip, and/or other retaining device can engage an end or other
portion of the fastener where it extends from the aperture. Furthermore, circular
apertures may be used to receive additional fasteners, such as pins, after the

plate is finally positioned. The apertures may include counterbores that allow
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the head of fasteners to have a reduced profile above the bone plate and/or to
lie substantially flush with the top surface of the plate.

The apertures of the bone plates may have various sizes, depending on
their intended usage. For example, if used with fasteners, the apertures may be
sized for different sized fasteners, such as bone screws with diameters of 2.1,
2.7, 3.5, and/or 4.0 mm. Generally, the larger the plate, the larger the number
(and/or size) of apertures, so that larger plates may allow relatively larger
numbers of screws (and/or larger screws) to be used. Thus, bone plates used
to treat larger bones may include relatively larger apertures, or relatively larger
numbers of apertures. Providing relatively greater numbers of apertures to
accept bone fasteners may lead to relatively greater torsional and/or bending
stability of the fracture site, when the bone plate is installed on a bone. The
apertures in a particular plate may have a hybrid arrangement, such as a size
of 3.5 mm in one region of the plate, and a size of 2.7 mm in another region of
the plate, among others.

In general, the apertures may have any suitable arrangement in the
plate. For example, the apertures may be clustered together at end regions of
the bone plate, to increase the number of screws that can be used to fix the
associated segment(s) of bone(s) via the plate, or they may be spaced
substantially evenly along the length of the plate, including regions of the plate
that do not have a corresponding opposing portion disposed adjacent an
opposing side of the bone. The apertures may be positioned side-by-side, with
preceding and/or subsequent apertures positioned along a common axis of the
plate or arranged in a two-dimensional pattern, increasing the density of screws
that may be used.

D. Plate Components and Fasteners

The bone plates may have any suitable number of plate components.
For example, the bone plates may be unitary or may have two or more pieces
configured to be secured to one another and to bone with fasteners. In some
embodiments, first and second componenis of a bone plate may be
supplemented by a third, fourth, or even higher number analogous component,

with each component independently formed integrally or separately from each
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other component. The various components of the plate may be used alone or in
any suitable combination, as appropriate or desired for a given application. The
vayious components also may be configured to have the same or different
shapes and sizes.

The components of a bone plate may be configured to be assembled in
an overlapping configuration. The overlapping configuration may abut an inner
surface region of one of the components with an outer surface of another of the
components. The regions of overlap of the components may be geometrically
similar to adjacent nonoverlapping regions, or they may be specially configured
to facilitate the overlap. For example, the thickness of one or both components
may be reduced in the region of overlap. In some embodiments the overlapping
regions may be beveled, and/or tapered, so that the boundary between the
overlapping and nonoverlapping regions of a plate component may be relatively
smooth along the inner (bone-facing) and/or outer (non-bone-facing) surfaces
of the bone plate. Alternatively, or in addition, the surfaces of the plates that
contact one another may be configured and/or treated (e.g., roughened) to
reduce slippage or the like. Exemplary configurations to reduce slippage may
include one or more complementary depressions and projections (such as pins
and holes) formed on mating surfaces of the plate components.

The components of a bone plate may be secured to one another and to

bone with any suitable fasteners and at any suitable time. The fasteners

~generally comprise any fastener mechanism, including screws, bolts, nuts,

pins, hooks, suture material, and/or wires, among others. (In some cases, the
fasteners may include adhesives and/or other nonmechanical mechanisms.)
Exemplary fasteners may be machine screws to secure plate components to
one another and/or bone screws. Each bone screw may be received in bone
and in a single aperture of the bone plate, a pair of aligned apertures disposed
adjacent generally opposing bone surface (such as aligned apertures of a clip
portion), and/or three or more aligned apertures provided by two or more plate
components. The components may be secured to each other off of bone and/or
on bone.
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The bone screws may be unicortical, bicortical, and/or cancellous bone
screws, among others. Unicortical and bicortical bone screws typically have
relatively small threads for use in hard bone, such as near the middle of a
clavicle, whereas cancellous bone screws typically have relatively larger
threads for use in soft bone, such as in a rib. Unicortical bone screws penetrate
the bone cortex once, adjacent a single surface of the bone. Bicortical bone
screws penetrate the bone cortex at one surface of the bone, pass through the
bone, and then penetrate the cortex again adjacent a generally opposing
surface of the bone. Generally, unicortical screws provide less support than
bicortical screws, because they penetrate less cortex.

The size and shape of the fasteners may be selected based on the size
and shape of the apertures or vice versa. An exemplary fastener is a threaded
bone screw having features specifically adapted to fit the plate construction.
The bone screw may have a head wider than the width or diameter of an
aperture defined by the bone plate, a length approximating the width of the
bridge region of a clip portion (and/or of bone), and a thread configured to
engage a lip or thread of an aperture of the bone plate.

E. Plate Materials

The bone plates may be formed of any suitable material(s). Generally,

the bone plates should be at least as stiff and strong as the section of bone
spanned by the plates (typically, as stiff and strong as the bone in the absence
of any discontinuity), yet flexible, bendable, and/or springy enough not to strain
the bone significantly. Suitable materials for forming the bone plates may
include metal, polymer, plastic, ceramic, composite, and/or the like. Such
materials may be biocompatible. Exemplary biocompatible materials may
include metals/metal alloys (for example, titanium or titanium alloys; alloys with
cobalt, chromium, and/or molybdenum; stainless steel; etc.) and/or
bioresorbable materials (such as polygalactic acid (PGA), polylactic acid (PLA),
polycaprolactones, polydioxanones, copolymers thereof, etc.), among others.

Il Accessories and Kits

The bone plates described herein may be used with various accessories

and/or may be supplied in a kit. These accessories may be used, alone or from



10

15

20

25

30

WO 2005/020800 PCT/US2004/028253

19

a kit, during the preparation, installation, and/or removal of bone plates
(including the associated fasteners), among others. Exemplary accessories
may include bone calipers, dies, hole-forming devices, drivers, and/or the like.
A bone caliper may be used to measure the size of a bone to be fixed.
Measurement of the size may facilitate selection of a suitable bone plate/plate
component(s), a suitable die for bending a bone plate/plate component(s),
and/or suitable fasteners (such as by length) for securing the bone plate/plate
component(s) to bone, among others. The die may permit a bone plate to be
shaped pre- and/or intraoperatively, for example, by a surgeon installing the
plate. Furthermore, the die may permit the bone plate to be shaped to conform
at least substantially to a particular fractured bone (or segment of a bone), such
as a fractured rib. A hole-forming device such as a drill with an adjustable drill
stop may be used to drill a hole in the bone to a desired depth, based, for
example, on the measured size of the bone. A driver such as a screwdriver
may be used to install and/or remove fasteners. Further aspects of accessories
and kits are described below.

A. Bone Calipers

The bone plates optionally may be used with any suitable measuring
devices, such as bone calipers, to measure one or more dimensions of a bone
to be fixed. For example, Figure 7 shows an exemplary bone caliper 110 being
used to measure the thickness of a rib bone 112. Caliper 110 may include an
arcuate end portion 114, which is configured to conform to a preselected (e.g.,
superior) surface of the rib bone, and which also may be configured to wrap
partially around another (e.g., posterior) surface of the bone. More generally,
end portion 114 (and other portions) of the caliper may be adapted to conform
to the size and/or shape of any desired bone(s), so that a similar instrument
may be used to measure the thickness of various bones other than ribs. Caliper
110 also may include a clamping member 116, which may be attached to a
movable measurement scale 118. Once end portion 114 of the caliper has
been placed adjacent the bone being measured, scale 118 may be moved until
member 116 makes contact with the bone. Then, as indicated at 120, the

approximate thickness of the bone may be read from the scale.
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The dimensions of a fractured bone, measured as above, or otherwise
known, may be used for any suitable purpose. For example, the dimensions
may be used to select an appropriate bone plate or plate component from a set
of plates or components, and/or they may be used to pre- or intraoperatively
shape a bone plate to fit the bone.

B. Bending Dies and Hole-forming Tools

The bone plates optionally may be used with any suitable dies and/or
hole-forming tools. The dies may be configured to bend the plates from a
planar configuration and/or to adjust the shape of the plates from a bent
configuration. The hole-forming tools may be used to form holes in bone and/or
in bone plates, generally to facilitate placement of fasteners.

Figures 8 and 9 show an exemplary bending die 130 being used to
shape a bone plate 132, or a component thereof, to fit a rib bone. In Figure 8,
the die has received the plate in a partially bent configuration, and in Figure 9,
the die is being bent with application of a compressive force through
compression members 134, 136.

Die 130 may have a size and shape that approximates one or more
cross sectional dimensions of a rib bone, to facilitate contouring a bone
plate/plate component to match these dimensions at least substantially. In
particular, the die may facilitate contouring plate component 132 to match the
size (e.g., thickness) of the bone, and to match the shape or curvature of a
preselected (e.g., superior) surface of the bone. To contour a bone plate, or a
component thereof, using the bending die, a flat or partially contoured plate
may be shaped around the die manually. Alternatively, or in addition, a tool
such as pliers or another clamping mechanism may be used to add precision
and/or mechanical advantage during bending. In some embodiments, the die
may be narrower and tapered more than the actual shape of the bone, so that
bone plates shaped by the die may be configured to compress the bone slightly
even before being fixed into position on the bone. Die 130 may be configured to
approximate the size and shape of a rib bone; however, more generally, dies
may be provided that facilitate contouring of plates to match the dimensions of

other bones, such as clavicles, among others.
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Figures 10 and 11 show the use of a drill, drill stop, and fastener for
mounting a bone plate to a bone.

Figure 10 shows a drill 140 includinQ a drill bit 142 drilling through a
bone 144. Bit 142 has been guided into bone through an aperture 146 of bone
plate 132, while the bone plate is in position on the bone. The drill bit may
include an elongate shaft 148, and a drilling tip 150 attached to the shaft. An
adjustable depth stop 152 may be disposed and secured along the drill bit at a
selected axial position of the bit, so that a suitable length of the drilling tip
extends beyond the depth stop. Securing the depth stop to the bit in this
manner prevents the bit from penetrating the bone beyond a desired depth, and
may inhibit damage to tissue behind the bone, when the bone is drilled. Depth
stop 152 may be secured to the bit by any suitable mechanism, such as an
Allen bolt 154, and/or engagement with grooves or slots provided along the
length of shaft 148. The shaft of the drill bit may be provided with a scale,
generally indicated at 156, for positioning the depth stop at predefined
distances from the distal tip of the drill bit. Alternatively, or in addition, the depth
stop may be positioned by measuring a desired distance from the distal tip with
any standard measuring device, such as a ruler, tape measure, or caliper,
among others.

Figure 11 shows bone plate 132 attached to bone 144 with a threaded
bone screw 160, in the hole formed by the drill bit (see Figure 10). Screw 160
may be selected based on the measured thickness of the bone. In particular, a
threaded screw may be chosen that is long enough to reach and engage a
locking aperture 162 adjacent an opposing surface 164 of the bone, but not so
long that a distal end 166 of the screw protrudes, or protrudes excessively,
through the bone plate. This configuration may allow the screw to engage the
plate securely and compress the plate and the underlying bone, while reducing
or eliminating unnecessary physiological damage or discomfort to the patient.

Figures 12 and 13 show an exemplary die assembly 180 before (Figure
12) and after (Figure 13) bending a plate member 182 into a clip portion 184.
The die assembly may include an anvil 186 configured to fit into a receiver 188,

with a gap sufficient to accommodate the plate member disposed between the
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anvil and the receiver. The anvil may be configured to be pressed into the
receiver, such as with a clamp device or one or more blows from a hammer,
among others. The receiver may be configured to position the plate member
over a cavity 190 of the receiver. For example, the receiver may include a
recessed structure 192, projections, or the like, to restrict lateral movement of
the plate member before and/or during bending.

A bending die and/or die assembly may be adjustable and/or available
as part of a set to accommodate bones of different sizes and shapes. Thus,
while the exemplary dies described above may have fixed dimensions, in some
embodiments these dies may be internally adjustable, for example, using one
or more internal set screws, such that the overall size and/or shape of the die
may be set by adjusting the set screws. Alternatively, a plurality of bending
dies, fixed and/or adjustable, may be provided for each size, shape, and/or type
of bone, so that bone plate components may be shaped to any desired size.
The range of sizes of the dies provided may correspond to an expected range
in sizes of the type of bone being treated. For example, for contouring bone
plates suitable for rib bones, dies may be provided that have maximum widths
ranging between approximately 0.10 inches (about 2.5 mm) and approximately
0.50 inches (about 13 mm), or between approximately 0.15 inches (about 3.8
mm) and approximately 0.38 inches (about 10 mm), among others.

C. Kits

The. bone plates, fasteners, accessories, etc. described above may be
provided singly and/or as a kit, in combination with one another and/or yet other
accessories. The kits may include, among others, a set of bone plates
constructed to fit various bones and/or regions of bones. For example, the kit
may include plates configured to fit ribs and/or clavicles of various sizes and
shapes, as well as to fit on various regions of a rib and/or a clavicle. In addition,
the kit may include instrumentation for measuring one or more dimensions of
the bone, and/or for intraoperatively bending and installing a bone plate (or
portion thereof). For example, the instrumentation may include a bone caliper,
an adjustable bending die, and/or a drill bit including a depth stop. The kit also
may include a case or organizer, instructions, mounting hardware such as bone
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screws of various lengths and/or diameters, drivers such as screwdrivers for
installing and/or removing mounting hardware, and/or other accessories related
to bone plates.

1. Methods of Using the Bone Plates

Bone plates of the present teachings may be installed on bones by any

suitable methods. This section describes exemplary method steps that may be
suitable to fix bones with the bone plates. These steps and those described
elsewhere in the present teachings may be performed in any suitable order, in
any suitable combination, and any suitable number of times.

A bone to be fixed may be selected. Exemplary bones may include ribs
and/or clavicles. Other exemplary bones may include bones of the arms
(radius, ulna, humerus), legs (femur, tibia, fibula, patella), hands/wrists (e.g.,
phalanges, metacarpals, and carpals), feet/ankles (e.g., phalanges,
metatarsals, and tarsals), veriebrae, scapulas, pelvic bones, and/or cranial
bones, among others. The bone may be selected from any suitable species,
including human, equine, canine, and/or feline species, among others. The
bone may lack or include a discontinuity, which may occur naturally and/or as a
result of injury, disease, and/or surgical intervention, among others.
Accordingly, exemplary discontinuities for use with the bone plates described
herein may include joints, fractures (breaks in bones), osteotomies (cuts in
bones), and/or nonunions (for example, produced by injury, disease, or a birth
defect), among others.

A discontinuity in the bone may be reduced. For example, a fractured
bone may be set. Reduction of the discontinuity may be performed before,
during, and/or after a bone plate is secured to the bone.

An aspect of the bone may be measured, generally in the vicinity of the
discontinuity. Measurement may be performed with any suitable measuring
device or method, such as calipers, a ruler, a tape measure, a fluoroscope
(e.g., by fluorography), and/or the like. The aspect may correspond to a
characteristic dimension (such as thickness, width, length, and/or diameter,
among others). Alternatively, or in addition, the aspect may correspond to a

curvature or surface contour of the bone, among others.
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A bone plate may be selected for installation on the bone. The bone
plate may be selected from a set of available bone plates. For example, the set
may include bone plates with different leg-to-leg spacings and/or radii of
curvature for their clamp portions and/or different lengths of spanning portions,
among others. Selection may be performed based on the type, size, and/or
contour of the bone, among others, and thus may be based on the type of bone
and/or on a measured, average, and/or expected aspect (such as thickness) of
the bone. The bone plate may be pre-bent for the bone selected and/or may be
custom contoured for a particular bone, bone region, and/or for the particular
anatomy of the patient. Custom contouring (generally, bending) may be
performed pre- and/or intraoperatively by hand, with a bending tool, and/or with
a die, among others.

The bone plate selected may be positioned on bone. The step of
positioning may include placing a unitary bone plate or two or more plate
components on the bone, from any suitable direction. In exemplary
embodiments, the bone plate and/or a plate component(s) may be placed on a
bone from above the bone (from a superior direction). With two or more plate
components, the plate components may be placed on bone in any suitable
order. In some embodiments, a first plate component including a first clip
portion and a spanning portion may be placed onto bone, and then a second
plate component including a second clip portion may be placed onto bone,
overlapping and outside of the spanning portion. In some embodiments, this
order and/or disposition of placement may be reversed. Furthermore, additional
plate components also may be placed on the bone. In some examples, a clip
portion of the bone plate may have a leg-to-leg spacing that is less than the
thickness/width/diameter of the bone, so the clip portion “snaps” in place on the
bone.

The selection and/or positioning of bone plates, as described in the
present teachings, may take advantage of the differential characteristics and/or
accessibility of different portions or surfaces of a given bone. For example, a
bone plate with clip and spanning portions may be selected and positioned
such that the spanning portion and/or clip portion (or a region(s) thereof, such
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as an arm and/or bridge region) is located along a more accessible and/or less
vascularized or innervated portion of the bone, such as the outward or anterior
surface of a rib. In this way, relatively more bone plate is positioned adjacent
more accessible and/or less sensitive portions of the bone, and relatively less
bone plate (e.g., just one or two arms of the clip portion(s)) is positioned
adjacent less accessible and/or more sensitive portions of the bone.

One or more holes may be formed in the bone. The holes may be
formed with a hole-forming device, such as a drill, a punch, and/or a self-drilling
bone screw, among others. If formed with a drill, a drill stop, such as the drill
stop of. Figure 10, may be used to prevent forming a hole that is too deep,
which may cause unnecessary tissue damage and/or remove bone
unnecessarily. The holes may be formed before or after one or more plate
components are positioned on the bone. If formed after a plate component is
positioned on the bone, the hole may be formed in alignment with one aperture,
or two, three, or more aligned apertures of one plate component, or two or
more overlapping plate components. Accordingly, the aperture(s) may function
as a guide for the hole-forming tool. The holes may extend from an aperture
into bone and/or through bone. In some examples, a hole may extend between
a pair of aligned, spaced apertures of a clip portion.

The bone plate may be secured to the bone with one or more fasteners,
such as bone screws. One or more fasteners thus may be selected. The
fasteners may be selected, for example, to have a shaft diameter less than the
width/diameter of a target aperture, and to have a thread configuration
corresponding to the size/offset of an aperture lip (for an elongate locking
aperture) or to the pitch of an aperture thread (for a circular locking aperture).
The fasteners also or alternatively may be selected to have a length
(particularly a shaft length) about the same as the measured or expected
thickness/width/diameter of the bone. The fasteners may be placed through
apertures and into pre-formed holes or may form holes themselves. The
fasteners may engage a plate component adjacent one side of the bone and/or
adjacent generally opposing surfaces of the bone, among others. Each fastener
may extend through a single plate component or two or more overlapping plate
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components. Accordingly, the fastener may secure two or more plate
components together and/or to bone. In some examples, the fastener may lock
to one or more plate components, adjacent only one side of the bone or
adjacent each of two generally opposing surfaces of the bone. In some
examples, the fastener may be tightened until generally opposing regions of a
plate component or bone plate are compressed against the bone. The
fasteners may be placed into apertures of the bone plate in any suitable order.
For example, a first plate component may be partially or completely secured to
the bone first, and then a second plate component secured to the bone, or the
plate components may be secured to bone at least initially with the same
fastener(s). The fasteners may be installed and/or removed by hand and/or
with the assistance of a suitable driver, such as a screwdriver.
Iv. Examples

The following examples describe selected aspects and embodiments of
the present teachings, including exemplary bone plates and exemplary
configurations for assembly of bone plates from plate components. These
examples and the various features and aspects thereof are included for
illustration and are not intended to define or limit the entire scope of the present
teachings.
Example 1. Bone Plates with a Multi-Aperture Spanning Portion

This example describes exe(mplary bone plates having a spanning
portion with a plurality of apertures. The apertures may be arranged so that a
clip component can be assembled with and secured to a spanning portion at
two or more positions along the spanning portion.

Figure 14 shows an exemplary bone plate 210 for fixing a fractured rib
bone. The bone plate may include a spanning component 212 having a
spanning portion 214 and a first clip portion 216 formed unitarily. The bone
plate also may include one or more additional clip portions, such as clip
components 218, 220 formed as separate components.

Spanning portion 214 may include a plurality of spanning apertures 222
arrayed along the length of this portion. Spanning apertures 222, and
particularly subsets of these apertures, may be configured to be aligned with
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one or more clip apertures 224 of each clip portion. In the present illustration,
adjacent pairs of the spanning apertures may be aligned with and abutted to
adjacent pairs of clip apertures, shown at 226. Accordingly, each clip portion
may be disposed at a plurality of selected positions along the spanning portion.

The apertures of the spanning portion may have any suitable spacing.
The apertures may have an equal spacing, as shown here, or may have an
unequal spacing. For example, the apertures may be configured as groups
(such as pairs, triplets, etc.) with unequal spacing between the groups, so that
a clip component, with a corresponding number of apertures as each group,
may be secured in alignment with a selected group. Alternatively, an unequal
spacing may be suitable if each clip portion uses only one aperture assembly
with the spanning portion.

In use, spanning component 212 rhay be positioned on a fractured rib,
and one or more clip components 218, 220 may be positioned in alignment with
apertures of the spanning portion. For example, the clip components may be
positioned so that pairs of clip portions flank fractured regions of the rib.
Accordingly, more severely fractured ribs may use a greater number of clip
components in combination with the spanning component. In some examples,
the spanning portion may be cut to a suitable length according to the length of
bone or bone region to be spanned by the bone plate. Accordingly, a greater or
lesser length of the spanning portion (or none) may be removed based on a
lesser or greater number, respectively, of clip components to be used and/or a
shorter or longer region, respectively, of bone to be fixed. Spanning portion 214
may be cut before or after spanning component 212 is positioned on and/or
secured to bone.

Alternative configurations may be suitable. In some embodiments, the
spanning component may be selected from a set of spanning components with
different lengths of spanning portions and/or different numbers/spacings of
apertures. In some embodiments, the spanning portion may bé formed of a
selectable number of modules, to adjust the length of the spanning portion,

and/or the spanning portion may be a separate module (or a set of separate
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modules of various lengths) that can be selected for assembly with clip
components.
Example 2. Bone Plates with Arrays of Plate Components

This example describes bone plates that may be assembled as arrays of
plate components.

Figure 15 shows a bone plate 240 including a tandem array of spanning
components 242, 244 that overlap and can be secured to one another with
fasteners received in aligned apertures, shown at 246. Each spanning
component may include a clip portion and a spanning portion. Any suitable
number of spanning components, of similar or distinct configuration, may be
arrayed. One or more clip components may be secured to a spanning
component, or the bone plate may lack a distinct clip component.

Example 3. Bone Plates of Unitary Construction

This example describes exemplary bone plates having a unitary
construction.

Figure 16 shows an exemplary bone plate 260 for fixing a fractured rib.
Bone plate 260 may be formed as one component, so that a spanning portion
262 is joined to, and flanked by, clip portions 264, 266.
Example 4. Selected Embodiments

This section describes selected embodiments of the present teachings,
presented as a series of indexed paragraphs.

1. A bone plate for fixing a fracture of a bone, comprising (1) first
and second bone-facing surfaces configured to face at least substantially
opposite surfaces of a fractured bone, each bone-facing surface defining at
least one aperture configured to accept a fastener for attaching the bone plate
to the fractured bone; and (2) a third bone-facing surface connecting the first
and second surfaces and having width approximating a width of the fractured
bone.

2. The bone plate of paragraph 1, wherein the first and second
surfaces are substantially parallel.

3. The bone plate of paragraph 1, wherein the third surface
conforms at least partially to a surface of the fractured bone.
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4. The bone plate of paragraph 3, the bone plate being configured to
fix a rib bone, wherein the third surface conforms at least partially to a superior
surface of the rib bone.

5. The bone plate of paragraph 3, the bone plate being configured to
fix a clavicle bone, wherein the third surface conforms at least partially to a
superior surface of the clavicle bone.

6. The bone plate of paragraph 1, wherein at least one of the
apertures is configured to engage a threaded fastener.

7. The bone plate of paragraph 1, wherein the apertures define at
least one aligned pair of apertures configured to accept a threaded fastener.

8. The bone plate of paragraph 1, wherein the bone plate includes a
first anchor portion in which the first and second surfaces are overlapping, a

spanning portion in which a longer one of the first and second surfaces is

. configured to span a fracture, and a second anchor portion including a

detachable anchor clip.

9. The bone plate of paragraph 8, wherein each anchor portion
includes at least one pair of aligned apertures configured to accept a fastener
for attaching the bone plate to the bone, and wherein at least one aperture of
each aligned pair is configured to engage a threaded bone screw.

10. The bone plate of paragraph 9, wherein exactly one aperture of
each aligned pair is configured to engage a threaded bone screw, and wherein
exactly one aperture of each aligned pair defines an elongate reduction slot.

11.  The bone plate of paragraph 8, wherein the anchor clip includes a
first engagement portion configured to at least partially overlap and engage
with the longer bone-facing surface, a second engagement portion opposing
the first engagement portion, and a bridge portion connecting the engagement
portions and having a width approximating the width of the fractured bone.

12. The bone plate of paragraph 8, wherein the anchor clip is
configured to mount to the spanning portion on an opposite side of the fracture
from the first anchor portion.

13.  The bone plate of paragraph 8, wherein a portion of the anchor
clip is configured to mount alternatively to a bone-facing surface of the
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spanning portion, such that the anchor clip lies between the spanning portion
and the bone, or to a non-bone-facing surface of the spanning portion, such
that the spanning portion lies between the anchor clip and the bone.

14. A bone plate for fixing a fracture of a rib, comprising (1) a first
bone-facing surface for extending along one surface of the rib; (2) a second
bone-facing surface opposing the first bone-facing surface, for extending along
another surface of the rib; and (8) a third bone-facing surface connecting the
first and second bone-facing surfaces.

15. The bone plate of paragraph 14, wherein the third bone-facing
surface is shaped to at least partially conform to a superior surface of the rib.

16. The bone plate of paragraph 14, wherein the first and second
bone-facing surfaces each define at least one aperture configured to accept a
fastener for attaching the bone plate to the rib.

' 17.  The bone plate of paragraph 16, wherein at least one of the
apertures configured to engage a threaded bone screw.

18. The bone plate of paragraph 16, the plate including a first region
in which the first and second bone-facing surfaces overlap, and a second
region in which the first bone-facing surface is configured to extend beyond the
second bone-facing surface along the rib.

19. The bone plate of paragraph 18, further comprising a U-shaped
anchor clip attachable to the first bone-facing surface in the second region.

20. The bone plate of 18, wherein the second region is configured to
span the fracture.

21.  The bone plate of paragraph 18, where the anchor clip defines at
least one aperture configured to accept a fastener for attaching the bone plate
to the rib.

22. A bone plate for fixing a fracture of a rib, comprising: (1) a first
component including first and second opposing bone-facing surfaces
connected by a third bone-facing surface, wherein at least one of the opposing
surfaces defines a spanning portion configured to span the fracture; and (2) a
second component including first and second opposing bone-facing
engagement portions connected by a bone-facing bridge portion, wherein at
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least one of the engagement portions is configured to partially overlap and
engage with the first component.

23. The bone plate of paragraph 22, wherein each component
defines at least one aligned pair of apertures configured to accept a fastener for
attaching the bone plate to the rib.

24. The bone plate of paragraph 23, wherein one aperture of each
aligned pair is a reduction slot, and wherein the other aperture of each aligned
pair is configured to securely engage a threaded bone screw.

25. The bone plate of paragraph 22, wherein the first and second
surfaces of the first component are at least substantially parallel, and wherein
the first and second portions of the second component are at least substantially
parallel.

26. The bone plate of paragraph 22, wherein the third bone-facing
surface of the first component and the bridge portion of the second component
each conform at least partially to a superior surface of a rib bone.

27. A method of fixing a fracture of a bone, comprising (1) positioning
a first bone plate component with three bone-facing surfaces of the first
component disposed substantially adjacent three surfaces of a fractured bone,
wherein exactly one of the three bone-facing surfaces spans the fracture; (2)
positioning a second bone plate component with two bone-facing surfaces of
the second component disposed substantially adjacent two surfaces of the
fractured bone and with a third surface of the second component disposed
substantially adjacent the exactly one bone-facing surface of the first
component that spans the fracture; (3) attaching the second component to the
first component; and (4) attaching the first and second components to the bone.

28. The method of paragraph 27, wherein the fractured bone is a rib.

29. The method of paragraph 27, wherein the fractured bone is a
clavicle.

30. The method of paragraph 27, wherein the exactly one bone-
facing surface of the first component faces an external surface of the fractured

bone.
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31. The method of paragraph 27, wherein the third surface of the
second component is disposed substantially adjacent a surface of the fractured
bone.

32. The method of paragraph 27, further comprising measuring the
fractured bone to determine appropriate dimensions of the first and second
bone plate components.

33. The method of paragraph 32, further comprising bending the first
and second bone plate components to fit the fractured bone.

34. The method of paragraph 33, wherein the step of bending the
components is performed intraoperatively.

35. A method of fixing a fractured rib, comprising (1) measuring a
thickness of the rib; (2) intraoperatively contouring at least a first component of
a bone plate to at least substantially match the measured thickness of the rib;
(8) positioning the bone plate component on the rib such that at least a portion
of the component spans the fracture; and (4) attaching the bone plate
component to the rib.

36. The method of paragraph 35, further comprising drilling at least
one hole through the rib for attaching the component to the rib.

37. The method of paragraph 36, the step of drilling being performed
using a drill bit, further comprising adjusting a depth stop on the drill bit to
match the thickness of the rib.

38. The method of paragraph 36, wherein the step of attaching
includes aligning at least one aperture in the bone plate with the at least one
hole through the rib, and inserting a fastener through the aperture and into the
hole.

39. The method of paragraph 36, wherein the step of attaching
includes aligning at least two apertures in the bone plate with the at least one
hole through the rib, and inserting a threaded bone screw through the at least
two apertures and through the hole, at least one of the at least two apertures
being configured to securely engage one or more threads of the bone screw.

40. The method of paragraph 35, further comprising (4) contouring a
second component of the bone plate to at least substantially match the
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thickness of the rib; and (5) attaching the second component to at least one of
the first component and the rib.

The disclosure set forth above may encompass multiple distinct
inventions with independent utility. Although each of these inventions has been
disclosed in its preferred form(s), the specific embodiments thereof as
disclosed and illustrated herein are not to be considered in a limiting sense,
because numerous variations are possible. The subject matter of the inventions
includes all novel and nonobvious combinations and subcombinations of the
various elements, features, functions, and/or properties disclosed herein. The
following claims particularly point out certain combinations and
subcombinations regarded as novel and nonobvious. Inventions embodied in
other combinations and subcombinations of features, functions, elements,
and/or properties may be claimed in applications claiming priority from this or a
related application. Such claims, whether directed to a different invention or to
the same invention, and whether broader, narrower, equal, or different in scope
to the original claims, also are regarded as included within the subject matter of

the inventions of the present disclosure.
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WE CLAIM:

1. A bone plate for fixing a bone, comprising:

a unitary clip portion configured to wrap partially around a bone and
including a pair of aligned apertures configured to receive a fastener that
extends through the bone between the aligned apertures and locks to the clip
portion by engagement with the clip portion at a perimeter of at least one of the

aligned apertures.

2. The bone plate of claim 1, wherein at least one of the aligned

apertures is elongate.

3. The bone plate of claim 2, wherein each of the aligned apertures
is elongate.
4, The bone plate of claim 2, the fastener having a thread, wherein

the perimeter of the at least one aperture includes an offset lip configured to
engage the thread of the fastener so that the fastener is locked to the clip

portion.

5. The bone plate of claim 1, wherein the clip portion includes a pair
of opposing arms and a bridge region connecting the opposing arms, and
wherein the clip portion is configured to be received from above a rib bone so

that the bridge region is disposed adjacent a superior surface of the rib bone.

6. The bone plate of claim 1, wherein the clip portion is generally U-
shaped.
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7. The bone plate of claim 1, wherein the clip portion has opposing
arms, the bone plate further comprising a spanning portion configured to
extend along the bone and joined unitarily to the clip portion at least
substantially through only one of the opposing arms.

8. The bone plate of claim 7, the clip portion being a first clip portion,
further comprising a second clip portion connected to the first clip portion
through the spanning portion.

9. The bone plate of claim 7, the clip portion and the spanning
portion being included in a first plate component, further comprising a second
plate component configured to be secured to the bone and connected to the
first plate component via the spanning portion.

10. A bone plate for fixing a bone, comprising:

at least two clip portions, each clip portion having a pair of arms
configured so that the clip portion receives the bone between the pair of arms;
and

a spanning portion connected to the clip portions at least substantially
through only one of the arms of each clip portion and configured to extend
along the bone between the at least two clip portions, to span a discontinuity in

the bone.

11. A bone plate for fixing bones, comprising:

a first plate component including a first clip portion configured to wrap
partially around a bone, and a spanning portion configured to extend from the
clip portion along the bone; and

a second plate component configured to be connected to the first plate
component via the spanning portion and including a second clip portion

configured to wrap partially around the bone.
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12. The bone plate of claim 11, wherein each of the first and second
clip portions includes a pair of aligned openings configured to receive a
threaded fastener that secures the clip portion to the bone.

13.  The bone plate of claim 11, wherein the spanning portion and the
second clip portion are configured to overlap and abut one another when the

first and second plate components are connected to one another.

14.  The bone plate of claim 13, wherein each of the second clip

- portion and the spanning portion includes a pair of openings disposed laterally

to one another, and wherein the pairs of openings are configured to be aligned

when the first and second plate components are connected to one another.

15.  The bone plate of claim 11, wherein each of the first and second
clip portions is configured to be disposed adjacent generally opposing surfaces
of the bone, and wherein the spanning portion is configured to extend at least
substantially along only one of the generally opposing surfaces.

16. The bone plate of claim 11, wherein the spanning portion is
unitary with the first clip portion.

17. A bone plate for fixing a bone, comprising:

at least two generally U-shaped clip portions configured to receive a
bone so that each clip portion is disposed adjacent generally opposing surfaces
of the bone; and

a non-U-shaped spanning portion connecting the at least two clip
portions and configured to span a discontinuity in the bone when the clip

portions receive the bone.
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18. A method of fixing a bone, comprising:

selecting a bone plate having first and second clip portions and a
spanning portion; and

securing the first and second clip portions to a bone so that each of the
clip portions is disposed adjacent generally opposing surfaces of the bone and
so that the spanning portion extends predominantly or exclusively along only

one of the generally opposing surfaces to connect the clip portions.

19. The method of claim 18, the bone being a fractured rib bone,
further comprising a step of selecting a fractured rib bone to be fixed.

20. A method of fixing a bone, comprising:

selecting first and second plate components;

placing the first and second plate components on a bone so that each
plate component is disposed adjacent generally opposing surfaces of the bone;
and

securing the first and second plate components to the bone and to each

other.

21. The method of claim 20, wherein the step of placing positions a
surface of the first plate component against a surface of the second plate
component and aligns at least one pair of apertures of the first and second
plate components, and wherein the step of securing includes a step of placing

a fastener through the at least one pair of apertures and into the bone.

22. The method of claim 20, wherein the step of placing includes a
step of placing the first and second plate components onto a rib bone.

23. The method of claim 20, the bone having a discontinuity, wherein
the step of placing includes a step of spanning the discontinuity with one or

both of the first and second plate components.
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24. The method of claim 23, the first plate component including a
spanning portion configured to extend along the bone, wherein the step of
spanning disposes the spanning portion along at least substantially only one of
the generally opposing surfaces of the bone.

25. A method of fixing a bone, comprising:

disposing a unitary clip portion on a bone so that the opposing arms of
the clip portion extend at least to generally opposing surfaces of the bone;

placing a threaded fastener through the bone and between aligned
apertures of the opposing arms so that a thread of the fastener engages a
perimeter of at least one of the aligned apertures to lock the fastener to clip
portion; and

compressing the arms against the bone by turning the threaded
fastener.

26. A kit for fixing a bone, comprising:

at least one bone plate having first and second clip portions and a
spanning portion, and configured to be secured to a bone so that each of the
clip portions is disposed adjacent generally opposing surfaces of the bone and
so that the spanning portion extends predominantly or exclusively along only
one of the generally opposing surfaces to connect the clip portions; and

at least one of a fastener, an instrument for measuring one or more
dimensions of the bone, and an instrument for bending at least a portion of at

least one of the at least bone plates intraoperatively.



WO 2005/020800 PCT/US2004/028253
1/5




000000000000000000000000000000




PCT/US2004/028253

WO 2005/020800

3/5

FIG.10

64

1

166

162
FIG.T1

144



WO 2005/020800 PCT/US2004/028253
4/5

180

186~

192

3

NN\ Em——— NN\

N\
—~188

FIG.12

186~

FIG.13



PCT/US2004/028253

ey

YA A

———— i ——
U

/5

5

292

¥L'DH4

- 214 N



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

