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BONE FUSION SYSTEM 

CROSS-REFERENCES 

This application is based upon and claims the bene?t 
under 35 U.S.C. § 119(e) of the following US. provisional 
patent applications: Ser. No. 60/398,075, ?led Jul. 22, 2002; 
and Ser. No. 60/484,262, ?led Jun. 30, 2003. Each of these 
provisional patent applications is incorporated herein by 
reference in their entirety for all purposes. 

FIELD OF THE INVENTION 

The invention relates to bone plates. More speci?cally, the 
invention relates systems for fusing tWo or more bones With 
a bone plate. 

BACKGROUND 

Bone plates are devices for ?xing bone, to facilitate repair 
of individual bones or joining of adjacent bones. Most 
commonly, bone plates are used to ?x bone discontinuities, 
such as fractures or osteotomies, in individual bones. To ?x 
such a bone discontinuity, a bone plate is attached to 
opposing sides of the discontinuity so that fragments of the 
affected bone can be held and/or groW together to repair the 
bone. HoWever, in some cases, bone plates are used to join 
distinct bones at articular ends of the bones. For example, 
some articular injuries and/ or diseases are treated effectively 
by bone fusion With a bone plate. Cartilage that separates 
articulating bones is removed, and a bone plate is attached. 
The plate spans a junction betWeen the bones to ?x the bones 
in close apposition so that the articular ends of the bones can 
fuse through bone groWth. 

The hand is a common site for performing bone fusion, 
for example, to treat osteoarthritis. Typically, four of the 
carpal bones are fused so that these bones can no longer 
move relative to one another. A bone plate for ?xing carpal 
bones during and after bone fusion is disclosed in US. Pat. 
No. 6,179,839 to Weiss et al., issued Jan. 30, 2001 (the 
“Weiss patent”), Which is incorporated herein by reference. 
The Weiss patent provides a substantially conical bone plate 
that is attached With bone screWs at the junction of four 
carpal bones. The junction is modi?ed prior to plate attach 
ment to include a matching conical recess, by removing a 
portion of each carpal bone. The fusion plate is placed in the 
conical recess and attached to recessed bone surfaces to 
dispose the plate in a less obtrusive position beloW the 
anatomical surfaces of the carpal bones. The cone angle of 
the conical plate may help to direct the screWs at oblique 
angles relative to the anatomical surfaces of the carpal bones 
and in a generally radial pattern from the plate. As a result, 
the bone screWs pull the carpal bones together around the 
bone plate, as the screWs attach the plate to the carpal bones. 

The bone plate disclosed in the Weiss patent (“the Weiss 
plate”) has a variety of shortcomings. For example, the 
Weiss plate lacks an effective mechanism for holding the 
plate in contact With the recessed bone surfaces as the bone 
screWs attach the plate to the carpal bones. Accordingly, the 
Weiss plate has a tendency to move (e.g., pivot and/or 
translate) out of full contact With the recessed bone surfaces 
When a load is applied unevenly to the plate, such as When 
the ?rst bone screW attaches the plate to bone. As a result, 
the Weiss plate may be attached so that the plate is shifted 
from its desired target position. In addition, the Weiss plate 
lacks openings that alloW optimal placement of a bone screW 
into each target carpal bone. Accordingly, a surgeon using 
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the Weiss plate may be unable to secure one or more of the 
target carpal bones to the plate, because the plate has 
openings that are spaced too Widely from one another. 
Furthermore, the Weiss plate lacks a mechanism to prevent 
bone screWs from backing out of their inserted positions, for 
example, When inserted into bone of poor quality. Accord 
ingly, some of the bone screWs that are intended to hold the 
plate in position may back out of full engagement With bone, 
resulting in irritation of soft tissue that overlies the plate. The 
Weiss plate also may be con?gured to be placed more deeply 
into bone than is necessary, because of the conical shape of 
the Weiss plate. 

SUMMARY OF THE INVENTION 

The invention provides systems, including apparatus, 
methods, and kits, for fusing tWo or more bones With a bone 
plate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an environmental vieW of a bone plate joining 
a plurality of carpal bones of the left hand, in accordance 
With aspects of the invention. 

FIG. 2 is an exploded vieW of the bone plate of FIG. 1, 
shoWing a body portion, and a post portion and a cap that 
may be coupled to a centrally positioned opening of the body 
portion, in accordance With aspects of the invention. 

FIG. 3 is a side elevation vieW of the body portion of FIG. 
2, in accordance With aspects of the invention. 

FIG. 4 is a top plan vieW of the body portion of FIG. 2, 
in accordance With aspects of the invention. 

FIG. 5 is a top plan vieW of an alternative bone plate for 
joining a plurality of bones, in Which the bone plate has an 
integral post, in accordance With aspects of the invention. 

FIG. 6A is a sectional vieW of the bone plate and carpal 
bones of FIG. 1, vieWed generally along line 6i6 of FIG. 
1, in accordance With aspects of the invention. 

FIG. 6B is another sectional vieW of the bone plate and 
carpal bones of FIG. 1, vieWed generally along line 6i6 of 
FIG. 1, but shoWing an alternative con?guration of the bone 
plate in Which the post portion has been replaced With the 
cap of FIG. 2, in accordance With aspects of the invention. 

FIG. 7 is a sectional vieW of the bone plate of FIG. 5, 
vieWed and attached to carpal bones generally as in FIGS. 
6A and 6B, in accordance With aspects of the invention. 

FIG. 8 is a top plan vieW of another bone plate for joining 
a plurality of bones, in accordance With aspects of the 
invention. 

FIG. 9 is a sectional vieW of the bone plate of FIG. 8, 
vieWed generally along line 9i9 of FIG. 8, after attachment 
to a plurality of carpal bones of the left hand using bone 
screWs, in accordance With aspects of the invention. 

DETAILED DESCRIPTION 

The invention provides systems, including apparatus, 
methods, and kits, for fusing tWo or more bones With a bone 
plate. The bone plate may include (1) a body portion 
con?gured to be received by a recess in one or more of the 
bones, and (2) one or more features to facilitate improved 
positioning and/or attachment of the body portion to the 
bones (and/or improved comfort or function), including a 
projection, a cap, an opening, a rough bone-facing surface, 
and/ or a thickened perimeter, among others. These and other 
aspects of the invention are described, in detail, in the 
folloWing sections: (I) bone plate, and (II) examples. 
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1. Bone Plate 

The bone plate may be con?gured to join at least tWo 
bones or portions thereof. The bone plate may include a 
body portion con?gured to be received by a recess de?ned 
by recessed surfaces at a junction region of tWo or more 
bones (the target bones), such as bones of the hand or foot. 
The recess and the recessed surfaces typically are formed by 
removing or excavating bone material from the bones (such 
as by reaming the bones) at the junction region. The recessed 
surfaces may be at least substantially complementary to a 
bone-facing surface of the body portion of the bone plate. 
Accordingly, the bone-facing surface of the body portion 
may be convex, to contact the recessed surfaces When 
inserted into the recess and positioned for attachment to the 
recessed surfaces. The bone-facing surface of the body 
portion may have any suitable shape, including at least 
substantially hemi-spherical, conical, and/or cylindrical, 
among others; in some embodiments, the body portion may 
include a generally planar annular region. 

Ahemi-spherical bone-facing surface may have a number 
of advantages over a conical bone-facing surface. The 
hemispherical bone-facing surface (and/or body portion) 
may increase the amount of surface area that contacts bone 
relative to a conical surface. Accordingly, such a hemi 
spherical surface and/or body portion may be con?gured to 
be placed more shalloWly into bone that a conically shaped 
body portion, resulting in a less-invasive placement that 
preserves more of the native bone. Any tendency to Wobble 
imparted by the hemispherical bone-facing surface or body 
portion may be counteracted With fasteners and/or an 
optional post. 

The bone plate further may include one or more features 
to facilitate improved positioning and/or attachment of the 
body portion to the bones, and/or to increase comfort for a 
recipient of the bone plate. These features may include (A) 
a projection that extends from the bone-facing surface on or 
adjacent a central region of the plate portion, (B) a cap to 
obstruct movement of fasteners out of bone, (C) an opening 
(and/or a distinctive combination of openings) through 
Which bone fasteners, such as bone screWs, may be inserted 
for attaching the bone plate to the bones, (D) a rough texture 
on a region of the bone-facing surface, and/or (E) a thick 
ened perimeter on the body portion, among others. Any 
combination of these and other features described herein 
may be included in a body portion of any suitable shape to 
form a bone plate. 

The bone plate may have a projection, such as a post, that 
is joined to or that extends beyond a bone-facing surface of 
a central region of the body portion. The projection may be 
received by a hole de?ned by one or more of the target 
bones. This hole, and recessed bone surfaces de?ning a 
recess surrounding the hole, may be formed by removing 
bone material from the bones at the junction region. The hole 
may be centered in the recess at the junction of the bones. 
Contact betWeen the projection and bone surfaces that de?ne 
the hole may restrict movement of the body portion, such as 
tilting and/or translation out of alignment With the recess, 
during and/or after attachment of the body portion to bone. 
The projection may be a separate component, for example, 
threaded or otherWise inserted in an opening in the body 
portion, or it may be formed unitarily With the body portion. 

The bone plate may include a cap that can be coupled to 
the body portion before or after the body portion has been 
secured to the target bones. The cap may restrict movement 
of one or more of the inserted bone fasteners out of bone, 
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While the body portion is attached to bone. Thus, the cap 
may prevent loosened fasteners from irritating or injuring a 
recipient of the plate. 
The bone plate may include one or more different types of 

openings that increase options for attaching the plate to 
bone. The openings may include circular holes (i.e., open 
ings characterized by a single diameter), and/or elongated 
holes, such as grooves or slots (i.e., openings characterized 
by a length and Width), among others. The elongated holes 
may include compression slots that extend radially outWard 
from a central region of the plate, and/or arcuate slots that 
extend partially circumferentially around a central region of 
the plate, among others. Alternatively, or in addition, the 
openings may include smaller apertures for Wires and/or 
pins, one or more openings for inserting single fasteners, 
and/or one or more multi-site openings for inserting a bone 
fastener at one of plural discrete positions Within the multi 
site opening. The edges of the openings may have any 
suitable form, including smooth, scalloped, straight, bev 
eled, unthreaded, threaded, symmetric, and/or asymmetric, 
among others. 
The bone plate may include other features that relate to 

the texture and/or geometry of the plate. For example, the 
plate may have a rough texture on its bone-facing surface, 
for example, to facilitate contact and/or fusion With bone. 
Alternatively, or in addition, the plate may have a thickened 
outer edge at the perimeter of the body portion to minimiZe 
irritation of soft tissue. 
The bone plate, that is, the body portion and ancillary 

components (e.g., projection, cap, fasteners, etc.) generally 
may be formed of any suitable biocompatible material, such 
as stainless steel, titanium (or an alloy thereof), cobalt 
chromium, ceramic, a bioabsorbable (resorbable) material, 
and/or the like. 

ll. EXAMPLES 

The folloWing examples describe selected aspects and 
embodiments of the invention. These examples are included 
for illustration and are not intended to limit or de?ne the 
entire scope of the invention. 

ll.A. Example 1 

This example describes several exemplary bone plates, as 
Well as methods for attaching the bone plates to suitable 
bones. 

FIG. 1 shoWs an embodiment of a bone fusion device, 
bone plate 10, ?xing and joining plural bones of a left hand 
12. Plate 10 may be attached to carpal bones 14 of hand 12 
using plural fasteners, such as bone screWs 16. Each bone 
screW 16 may be directed into one (or more) of a plurality 
of carpal bones, in this case, four carpal bones. Here, plate 
10 is attached to a lunate bone 18, a triquetrum bone 20, a 
hamate bone 22, and a capitate bone 24. The shafts of the 
bone screWs may extend into the bones so that the shafts are 
oblique to the plane of the hand (see beloW). Accordingly, 
the bone screWs may help to prevent separation of the plate 
from the bones along an axis orthogonal to the plane of the 
hand, and the screWs may pull the bones together, generally 
toWard one another, for example, by compressing the bones 
radially toWards a central axis of plate 10. Plate 10, more 
generally, may be con?gured and used to ?x and/or join any 
suitable combination of at least tWo or more, and more 
typically three or more adjacent bones of the carpus, another 
region of the hand, the foot, and/or any other suitable region 
of the skeleton. 
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FIG. 2 shows an exploded perspective vieW of bone plate 
10. Plate 10 may include a body or body portion 30, a post 
portion 32, and/or a cap 34. Post portion 32 and/or retaining 
cap 34 may be con?gured to be attached to body portion 30. 
For example, one or both may include a threaded portion 36 
that couples to complementary threads 38 de?ned at the 
perimeter of a central opening 40 or hole of body portion 30. 
Here, post portion 32 and retaining cap 34 may be attached 
alternatively to body portion 30, as shoWn at 42 by the 
dashed lines. Generally, post portion 32 may be attached 
?rst, before bone screWs are inserted into bone, by rotational 
engagement of post portion 32 With body portion 30, for 
example, by using a tool to rotate post portion 32 by contact 
With tool-gripping structure 44. Cap 34 may replace post 
portion 32 in central opening 40 after bone screWs have been 
inserted into bone. Alternatively, body portion 30 may be 
con?gured to have a central opening that is nonthreaded. 
Accordingly, the bone plate may lack post portion 32 and/or 
cap 34, and/or may couple one or both to body portion 30 by 
another mechanism. 
Body portion 30 includes a bone-facing or bone-facing 

surface (or side) 46 and a bone-opposing surface (or side) 
48. The surfaces may oppose one another to have distinct 
spatial and/or functional relationships to bone, bone fasten 
ers, and/ or overlying soft tissue. The bone-facing surface 46 
may at least substantially match and contact a ?rst portion 
(or all) of recessed bone surfaces formed in bones at an 
inter-bone junction or movable joint. In contrast, bone 
opposing surface 48 may be con?gured to face at least 
substantially aWay from bones at the junction. Accordingly, 
bone-opposing surface 48 may contact the head of bone 
screws or other fasteners to restrict plate movement, that is, 
Wobble or translational movement of bone-facing surface 46 
relative to the recessed bone surfaces. In addition, bone 
opposing surface 48 may face and be disposed closer to soft 
tissue that overlies the recessed bone surfaces. 
Body portion 30 may have any suitable overall shape and 

siZe. The length and Width of body portion 30 may be at least 
substantially equal (measured across the perimeter of the 
body portion), corresponding to a circle, as shoWn here, a 
regular polygon, and so on. Alternatively, the length and 
Width may be different, together de?ning an ellipse, an oval, 
an irregular polygon, and so on. The height of the body 
portion (measured from the bottom to the top of the plate as 
disposed in FIG. 3) may be preferably less than the length 
and/ or Width, to form a relatively shalloW body portion. The 
thickness of the body portion, measured locally betWeen 
opposing surfaces 46, 48, preferably is substantially less 
than the length, Width, and height. Accordingly, the body 
portion may be considered a shell. The body portion has a 
shape and thickness generally determined by opposing sur 
faces 46, 48, as described further beloW. 

Post portion 32 generally comprises any protruding struc 
ture or projection, such as post 50 that extends from bone 
facing surface 46 toWard bone. The projection may be 
con?gured to act as a positioning structure or partial anchor 
for body portion 30 Within a hole or recess (see also 
discussion of FIG. 6 beloW). Post portion 32 may be 
disposed at a central region of the body portion, for example, 
in central opening 40, and may be removable, attached 
permanently, or formed integrally. As a positioning struc 
ture, post 50 may contact bone in a hole to restrict tilting 
and/or translational movement of body portion 30 aWay 
from a centered position, relative to the recessed bone 
surfaces that the plate contacts. 
The post may be con?gured to restrict movement of body 

portion 30 by contact With a hole formed Within the bone 
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recess at an inter-bone junction. The hole may be deeper in 
bone, for example, farther beloW anatomical bone surfaces, 
than the recessed bone surfaces of the recess that contact 
and/or adjoin adjacent bone-facing surface 46 of body 
portion 30. As a result, insertion of the post into the hole 
restricts plate movement through contact of a projection 
surface 52 With the hole in bone. 

Projection surface 52 may have any suitable shape that 
contacts the hole to restrict plate movement. In some 
embodiments, projection surface 52 is at least substantially 
complementary to a hole formed in bone, generally formed 
by a rotating tool. Thus, projection 50 and projection surface 
52 may have a shape based on a circle, such as cylindrical, 
hemi-spherical, conical, a combination thereof, and/or the 
like. Throughout this document, the term “hemi-spherical” 
is intended to mean any portion of a sphere including but not 
necessarily comprising exactly half a sphere. For example, 
a hemi-spherical projection (or hemi-spherical bone-facing 
surface) may be literally half of a sphere, less or more than 
half of a sphere, a frustum of a sphere, or any other suitable 
portion of a sphere. A hemi-spherical surface or structure 
may correspond substantially to a spherical cap, that is, a 
planar truncation of a sphere. The term conical is intended 
throughout to mean a portion of a cone, such as a frusto 
conical region, a region of a cone betWeen nonparallel 
planes, an end portion of a cone de?ned by a single plane 
intersecting a cone, multi-conical (formed of frustoconical 
and/or conical portions With distinct cone angles), and/or the 
like. Alternatively, the hole in bone and projection surface 52 
may have other complementary shapes or may be only 
partially complementary (see discussion of FIG. 6 beloW). 
For example, projection surface 52 may have a polygonal 
cross section that mates With a cylindrical hole. 
A post (or projection) may have any suitable location on, 

and structural relationship With, body portion 30. For 
example, the post may be positioned generally in a central 
region of body portion 30. In some embodiments, the post 
may be substantially coaxial With body portion 30, so that 
central axis 54 of the body portion is aligned substantially 
With a corresponding central axis of the post. Alternatively, 
the post (or plural posts) may extend along an axis distinct 
from central axis 54. The distinct axis may be parallel or 
nonparallel to central axis 54. The post may be provided by 
a separate removable component, such as in plate 10, may be 
a separate component that is permanently attached to the 
body portion after fabrication of the body portion, or may be 
formed unitarily With the body portion, that is, so that the 
body portion and the post are a single piece (see FIGS. 5 and 
7). 
Cap 34 may have any suitable structure that obstructs 

movement of fasteners, received by the body portion, out of 
bone. Accordingly, the cap may be a separate component 
that is attached to the body portion after insertion of one or 
more fasteners, such as bone screWs, into bone. Cap 34 may 
have a blocking portion or head 56 that has a larger diameter 
than threaded portion 36 of the cap. Blocking portion 56 
may be con?gured to overlie bone-opposing surface 48 of 
body portion 30 and partially or completely overlie heads of 
fasteners received by the body portion (see FIGS. 6B and 7). 

FIG. 3 shoWs bone-facing surface 46 of body portion 30 
in a side elevation vieW of the plate. Bone-facing surface 46 
may be convex. Convex, as used herein, means that the 
surface bulges generally outWard so that it can be received 
in a bone recess. HoWever, the convex surface may include 
local variations that are concave are planar, such as dimples. 
Bone-facing surface 46 may have a substantially hemi 
spherical shape, as de?ned above, here corresponding to a 
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frustum of a sphere. In some embodiments, the bone-facing 
surface may correspond at least substantially to a spherical 
cap. However, other circle-based shapes may be suitable, 
such as conical (see above), among others. In some embodi 
ments, bone-reaming strategies that form non-circular 
shapes de?ned by recessed bone surfaces, such as ovals, 
may alloW bone-facing surface 46 to be formed With any 
substantially complementary shape to the recessed bone 
surfaces, or portion(s) thereof. 

FIG. 3 shoWs a rough region 58 on bone-facing surface 
46. Rough region 58 has a rough and/or porous texture that 
may extend over some or all of bone-facing surface 46. 
Here, rough region 58 is restricted to a hemispherical 
segment ?anked by smooth regions 60, 62. HoWever, in 
alternative embodiments, rough region 58 may extend over 
any suitable portion of surface 46. The rough and/or porous 
texture of rough region 58 may enable bone attachment by 
bone groWth onto bone-facing surface 46. By contrast, other 
bone plates typically have smooth, polished surfaces that are 
not conducive to bone attachment by bone ongroWth. 
Accordingly, rough region 58 has a texture that is relatively 
rough, that is, rough relative to a typical bone plate surface 
or to the opposing surface of body portion 30. Rough region 
58 and a typical bone plate surface (or bone-opposing 
surface 48 of body portion 30) may be palpably distinguish 
able, that is, by feel, for example, by differences in the ease 
With Which a person’s skin slides over rough and smooth 
surfaces, among others. The rough region may be distin 
guishable also or alternatively by sight, for example, by 
differences in the Way in Which rough and smooth surfaces 
re?ect light, or functionally, for example, by an enhanced 
ability to support bone attachment, among others. Rough 
region 58 may be formed during and/or after formation of 
body portion 30, for example, by removing, and/or adding 
material to the surface of the body portion, and/or by 
structuring the material at the surface. Exemplary proce 
dures for forming region 58 may include casting, particle 
(grit) blasting, grinding, sanding, spraying, dipping, milling, 
stamping, molding, and/or the like. 
The body portion of a bone fusion plate, such as body 

portion 30, may have any suitable thickness(es). For 
example, the body portion may have a generally uniform 
thickness, measured betWeen opposing surfaces 46, 48, so 
that bone-opposing surface 48 has a substantially concave 
shape that is generally complementary to bone-facing sur 
face 46. Alternatively, the thickness may vary so that sur 
faces 46, 48 have different shapes. For example, the thick 
ness of body portion 30 may be increased at the perimeter of 
the body portion, that is, near rim or outer edge 64, Which 
joins surfaces 46, 48 at their perimeters. Athickened perim 
eter means that the plate has a greater thickness near or at 
outer edge 64 than the average thickness of the body portion. 
Outer edge 64 preferably is rounded, With a local diameter 
that de?nes the outer edge thickness (see FIG. 6). Thickened 
outer edge 64 may minimize tendon irritation as tendons 
slide over outer edge 64 of bone-attached body portion 30 
and/or may increase the strength of body portion 30. Alter 
natively, or in addition, body portion 30 may taper in 
thickness toWard outer edge 64 and/or toWard central axis 
54. 

FIGS. 4 and 5 shoW plan vieWs of body portion 30 and 
another embodiment of a bone plate 110 having an alterna 
tive body portion 130. Body portion 30 or 130 may include 
various types of openings or recesses: central opening (hole) 
40 or central recess (hole) 140 (described above or beloW), 
and laterally disposed openings for fasteners, among others. 
In some embodiments, the central opening may be con?g 
ured to receive a fastener to fasten the body portion to bone. 
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8 
Fasteners generally include any mechanism for af?xing the 
plate to bone. Exemplary fasteners include bone screWs, 
Wires, hooks, and/or pins, among others. 

Fastener openings on a plate generally extend betWeen 
opposing surfaces of the plate and may have any suitable 
position, siZe, shape, and/or frequency. Openings may be 
disposed laterally from a central region of the body portion, 
at a single distance or plural distances from central axis 54 
or 154. The openings may be disposed in a radially sym 
metrical or asymmetrical pattern. Furthermore, one or plural 
openings may be disposed along a single radial path of the 
plate, from the central axis to the outer edge. A plate may 
include openings of one siZe or of distinct siZes, for example, 
to receive fasteners of distinct diameter. Openings may be 
con?gured to receive one or plural fasteners, either at one or 
a plurality of positions Within each opening. Openings may 
be bounded by tapered edges that de?ne counterbores. 
Counterbore surfaces are generally included in bone-oppos 
ing surface 48. The counterbores may be con?gured to 
position the plate as the fasteners are tightened, for example, 
guiding the counterbore surfaces into abutment With a head 
portion of each fastener and/or sliding the bone plate relative 
to the fastener (such as With a compression slot). Each 
opening may include one or plural counterbores. Plural 
sub-openings may overlap partially to form an elongate 
opening or slot. Exemplary fastener openings may include 
small apertures 66, 166, ?xed-position opening(s) 68, 168, 
and/or slots 70, 170, among others. Other exemplary open 
ings and arrangements of openings are described beloW in 
relation to FIG. 9. 

Small apertures 66, 166 may receive small-diameter fas 
teners. A small aperture is any opening that has a smaller 
diameter than an opening con?gured to receive a bone 
screW. Accordingly, small-diameter openings may be suit 
able for Wires, such as K-Wires, and/or pins. Any suitable 
number of small apertures may be formed in body portion 
30, 130, but preferably at least tWo. Moreover, the small 
apertures may be disposed at equal or unequal distances 
from central axis 54 or 154 and may be closer, equal to, 
and/or farther in distance from the central axis than single 
position openings 68, 168 and/or slots 70, 170. Fasteners 
placed in small apertures 66, 166 may be suitable, for 
example, to attach body portion 30, 130 provisionally to 
bone and thus limit movement of the plate. With the plate 
held provisionally in place by Wires, larger holes for bone 
screWs may be drilled in target bone, and/or the bone screWs 
may be placed into bone through opening 68, 168 and slots 
70, 170. 

Fixed-position openings 68, 168 may be dimensioned to 
receive only one fastener, such as a bone screW. Opening 68, 
168 may be substantially circular to de?ne a relatively ?xed 
position at Which a bone screW attaches the bone plate to 
bone. In the exemplary embodiments shoWn, body portion 
30 or 130 includes only one ?xed-position opening 68 or 168 
for attaching a bone screW to bone at a substantially pre 
de?ned circumferential position of the plate, although a 
plurality of such openings may be included. In preferred 
methods of using the bone plate, a bone screW is introduced 
into bone through opening 68 or 168 before selecting sites 
for attachment to bone using slots 70, 170 (see beloW). 
The body portion of the bone plate may include one or 

more slots 70, 170. The slots may have any suitable shape 
and disposition. Each slot may be linear, arcuate, curvilinear, 
or a combination thereof, among others. The slot may extend 
along generally radial paths from the central axis or central 
region of the plate (see FIG. 8), or may extend along a path 
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that is spaced from the central axis or region (see FIGS. 4 
and 5). For example, the slot may extend partially around the 
central axis of the body portion and thus may be arcuate 
When vieWed from generally normal to the bone-opposing 
surface. Accordingly, the slot may de?ne an arc that forms 
part of a circle. The circle may be at least substantially 
orthogonal to the central axis and centered at the central 
axis. Alternatively, the slot be linear and extend substantially 
tangentially from a circle de?ned by the bone plate. The slot 
may be disposed distinctly from a standard compression 
slot, for example, opening 70, 170 may extend in a direction 
distinct from (and generally orthogonal to) the direction in 
Which underlying bone may be pulled by tightening bone 
screWs. 

Each slot may be dimensioned to receive one or more 
fasteners at plural sites along the long axis of the slot. The 
plural sites may be discrete, that is, the sites may be 
con?gured to be distinguishable and ?nite in number. For 
example, in body portion 30, each slot 70 has three discrete 
fastener-receiving sites 72, in this case, con?gured to receive 
one fastener each. HoWever any number of sites may be 
suitable. Each receiving site 72 may be used to position body 
portion 30 in contact With the head portion of a bone 
fastener, generally using nonoverlapping regions of bone 
opposing surface 48. Alternatively, the plural sites may be 
continuous instead of discrete, thus providing a continuum 
of potential fastener-receiving sites. For example, each slot 
170 of body portion 130 is not divided into discrete receiv 
ing sites, and thus the head portion of a bone screW may be 
positioned at any desired position along the slot. In either 
case, the slot may be con?gured to receive fasteners at 
discrete (openings 70) or a continuous (openings 170) set of 
positions Within the slot. 

Fastener-receiving sites 72 may have any suitable con 
?guration that produces discrete sites. For example, sites 72 
may be separated by stops 74, generally in the form of 
narroWed regions (WidthWise) of slot 70 on one or generally 
opposing surfaces of edge 76. The stops 74 may restrict plate 
movement, for example, rotational movement about central 
axis 54. When a fastener is partially and/or completely 
inserted at one of sites 72, contact betWeen the fastener and 
the stops or narroWed regions may prohibit plate movement. 
Stops may take the form of teeth, ridges, and/or other 
suitable projections that extend from edge 76, generally 
toWard slot 70. The stops may be con?gured to limit plate 
movement by contact betWeen a head portion of the bone 
screW as the bone screW is inserted into target bone. By 
contrast, a shaft portion of the bone screW apposed to edge 
76 may not limit plate movement substantially, for example, 
alloWing the shaft portion to be moved betWeen each of the 
sites 72 of a slot 70. The stops may be de?ned by counter 
bores 78 con?gured to contact the head portion of the bone 
screW as the head portion contacts the body portion on 
bone-opposing surface 48, When fully inserted into bone. 
Accordingly, each site 72 also may be de?ned by a distinct 
counterbore 78 formed by edge 76. 

Fastener-receiving sites 72 may be dimensioned so that 
fasteners cannot be fully inserted into bone in adjacent sites 
72 of slot 70. For example, each slot 70 may receive a bone 
screW in the central site 72 of slot 70, in one or both of the 
?anking sites of slot 70, but may not receive bone screWs in 
one or both of the ?anking sites and in the central site 
concurrently. When bone screWs are inserted into bone in a 
?anking and central site concurrently, the shafts of the bone 
screWs may not interfere With one another, but both heads of 
the bone screWs may be unable to fully contact edge 76 at 
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10 
adjacent counterbores 78. In some embodiments, slot 70 
may be con?gured to receive only one fastener at one of 
plural discrete sites 72. 

FIG. 1 shoWs an exemplary use of slots to attach bone 
plate 10 to different bones using fasteners received through 
each opening. In this illustration, a suitably positioned 
fastener-receiving site in each slot has been selected for 
attaching the plate to each of the four carpal bones, generally 
after the ?xed-position opening has received a bone screW 
that attaches plate 10 to bone 24. Accordingly, a central 
fastener-receiving site has been used to attach the plate to 
bones 18, 20, and a lateral fastener-receiving site has been 
used to attach to bone 22. 

Slot 170 may alloW bone screWs or other fasteners to be 
inserted at any suitable position along the opening (see FIG. 
5). In contrast to slot 70 (FIG. 4), slot 170 lacks stops that 
contact the head of the bone screW to restrict rotational 
movement of the plate. Instead, slot 170 may restrict rotation 
by frictional contact With any region of edge 176 that is 
juxtaposed to the head of an inserted bone screW, as the 
screW is tightened against the region. 

FIG. 6A shoWs a sectional vieW of bone plate 10 joining 
carpal bones 14 of the left hand. Body portion 30 is received 
in a recess 80 de?ned by recessed surfaces 82 of carpal 
bones 14, With outer edge 64 disposed at or beloW anatomi 
cal surface 84 of the bones and generally parallel to the 
anatomical surface. Recess 80 (and the hole adjoining recess 
80 and described beloW) may be produced, for example, 
during surgery by drilling, reaming, burring, and/or the like, 
using a single-step or multi-step bone-removal process. 
Although described as one recess, recess 80 preferably is 
formed by plural recessed surfaces 82 that are contributed by 
each of the target bones to be fused. Accordingly, in some 
embodiments, recess 80 may include a slight gap(s) 85 at 
bone junctions. 

Recessed surfaces also may form a deeper hole 88 central 
to recess 80. Hole 88 may be con?gured to receive projec 
tion 50 and contact projection surface 52. Recessed bone 
surfaces that that de?ne hole 88 may be con?gured to 
contact both the cylindrical side Walls and the bottom of 
projection 50, as shoWn here. Alternatively, hole 88 may 
extend more deeply into bone than a bottom portion of 
projection 50, so that the bottom portion of projection 50 is 
spaced from the bottom of the hole. In this case, only the side 
Walls of projection 50 may contact recessed bone surfaces 
de?ning hole 88. In some cases, hole 88 may be a through 
hole that lacks a bottom, rather than a recessed region. 

Contact betWeen projection surface 52 and recessed bone 
surfaces of hole 88 may restrict movement of body portion 
30. In particular, the body portion may be restricted from 
moving side-to side, that is, generally parallel to anatomical 
surface 84 and/or parallel to a plane de?ned by outer edge 
64, and/or restricted from pivotal movement that changes 
the pitch of the plate relative to anatomical surface 84. 
Movement parallel to central axis 54 may be unrestricted 
until fasteners are received in the openings of body portion 
30. 

FIG. 6A shoWs bone screWs 16 extending obliquely into 
bone, that is, oblique to anatomical surface 84 and to a bone 
axis orthogonal to anatomical bone surface 84. This oblique 
angle may pull the plate toWard bone parallel to the bone 
axis and central axis 54, to promote attachment of the bone 
to the plate. In addition, the oblique angle may pull the bones 
together or toWard one another to promote fusion. Pulling 
the bones together may result in radial compression of the 
bones. Accordingly, bone plates described herein may have 
any suitable structure that alloWs this oblique placement of 
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bone screws and/or causes the bones to be pulled together 
When bone screWs attach the plate to bone. 

FIGS. 6A and 6B shoW a differential effect of post portion 
32 and cap 34 on the ability of bone screWs 16 to move out 
of bones 20, 24. FIG. 6A shoWs that a top portion of post 
portion 32 has a diameter that does not obstruct movement 
of inserted bone screWs 16, along their long axes, out of 
bone. Accordingly, bone screWs 16 may be fully inserted 
into bone and fully removed from bone While post portion 32 
is in place. By contrast, FIG. 6B shoWs that cap 34 may have 
a blocking portion 56 With a larger radius than the radial 
distance from central axis 54 to head 90 of each bone screW 
16. Accordingly, blocking portion 56 may restrict disengag 
ing (out-of-bone) movement of some or all bone screWs 16 
along their long axes. Thus, cap 34 generally is connected to 
the body portion after the bone screWs have been placed into 
bone. For example, cap 34 may be received in a central hole 
(through-hole or recess) from bone-opposing surface 48. 
Here, cap 34 is con?gured to contact a top region 92 of each 
head 90. In alternative embodiments, cap 34 may be con 
?gured to contact any suitable region of the fastener(s) to 
obstruct movement of the fastener(s) out of bone. Cap 34 
may be spaced from head 90 When coupled to body portion 
30, as shoWn in FIG. 6B, to alloW some variation in fastener 
head siZe, head geometry, and/ or angle of fastener insertion, 
and/or the like. Accordingly, in some embodiments, a fully 
inserted fastener may move partially out of bone before 
further disengaging movement along the fastener’s long axis 
is restricted by blocking portion 56 of cap 34. Therefore, cap 
34 may restrict movement of one or more bone fasteners 
completely out of bone, and more preferably, before the one 
or more fasteners project above a plane de?ned by outer 
edge 64. 
Cap 34 may be con?gured to include or lack a post. Here, 

cap 34 lacks post 50, so that replacement of post portion 32 
With cap 34 leaves a void 94. Void 94 may be ?lled With 
bone chips or other suitable ?ller material at any appropriate 
time, particularly after post portion 32 is removed and before 
cap 34 is attached. Alternatively, void 94 may be left 
un?lled, or, if the projection is not to be used, not formed at 
all. 

FIG. 7 shoWs alternative bone plate 110 (see FIG. 5) 
joining a plurality of carpal bones. Plate 110 includes body 
portion 130 With an integral post 150. Integral post 150 may 
be formed unitarily With body portion 130, that is, as one 
piece that includes both the post and body portion. Cap 134 
may be attached to body portion 130 by threadable engage 
ment With a central recess 140 (or through-hole) that is 
formed, for example, in alignment With central axis 154. In 
alternative embodiments, the body portion may lack a cen 
tral recess, a central opening, and/or a post/projection. 

FIGS. 8 and 9 shoW plan and sectional vieWs, respec 
tively, of another bone plate 210 for fusing tWo or more 
bones. In FIG. 9, plate 210 is attached to carpal bones 20, 24. 
Plate 210 may include a body portion 230 having a central 
region 232 and a lateral region 234 surrounding the central 
region. Each region may include a bone-facing surface 236 
and a bone-opposing surface 238. The bone-facing surface 
may be generally planar. 

Central region 232 may have any suitable position, siZe, 
shape, and relationship to the lateral region. The central 
region may intersect a central axis 240 de?ned by body 
portion 230 and may be partially or completely surrounded 
by lateral region 234. The bone-opposing surface of the 
central region may be generally co-planar With the bone 
opposing surface of the lateral region, as shoWn here, or may 
be concave, to form a central depression or hole in the 
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bone-opposing surface, among others. The central region 
may de?ne a convex projection 242 extending from the 
bone-facing surface of the lateral region. The projection may 
be a post that is received in a hole 244 formed in bone, and 
may have any suitable structure, such as those described 
above for post portion 32 and post 50 or 150. Accordingly, 
projection 242 may have a positioning and/or centering 
function When plate 210 is applied to bone. The central 
region may include an aperture or may be free of apertures. 
In addition, the central region may be formed unitarily With 
the lateral region or may be a separate component. When the 
central region is a separate component, this region may be 
attached during manufacture, or removably by a user of the 
plate, for example, as described above for post portion 32. 

Lateral region 234 also may have any suitable structure. 
The lateral region may de?ne an annular structure that 
extends around central region 232. The lateral region may be 
generally planar, thus de?ning generally planar bone-facing 
and bone-opposing surfaces. Accordingly, the lateral region 
may be received by a generally planar recess 246 formed in 
the bones to be fused. Alternatively, the lateral region may 
be applied to the external bone surface Without forming a 
corresponding recess in the bone. In either case, lateral 
region 234 may include a rounded lip or thickened perimeter 
248. The rounded lip may function to minimiZe soft tissue 
irritation and thus the lip may be thickened relative to more 
centrally disposed sections of the lateral region, to increase 
the radius of curvature of the lip. 

Lateral region 234 may de?ne a plurality of openings for 
receiving bone screWs 16. Each opening may be circular, 
such as opening 250, or con?gured to receive one screW at 
a discrete position. Such circular openings may include a 
counterbore 251. Alternatively, one more of the openings 
may be elongate to de?ne slots 252. Slots 252 may extend 
radially from central axis 240. In addition, slots 252 may be 
compression slots having tapered counterbores 254. Each 
counterbore may taper along any suitable segment of the 
slot’s long axis. Accordingly, a bone screW placed into bone 
at a more perimetrical or outer position of the counterbore 
may apply a radial force on the bone, toWards the central 
axis, as the screW is tightened. As a result, the bone may 
slide centrally along the counterbore relative to the plate, 
helping to draW the bones together for fusion. 

Bone plate 210 may be used to join a plurality of bones 
as folloWs. First, a reamer may be used to de?ne central hole 
244 and a surrounding recess 246 at a junction of tWo or 

more, and more typically, three or more bones. After plate 
210 is positioned in the recess With post 242 in hole 244, a 
bone screW may be inserted into bone from circular opening 
250, to provide a ?xed relationship betWeen the plate and 
one of the bones. Then bone screWs may be inserted into the 
other bones through an appropriate subset or all of the slots. 
The other bones are pulled together and toWard the one bone 
to Which the plate is ?xed as the bone screWs are tightened 
in the slots against their respective counterbores. 
The features described above may be suitable for use With 

other bone plates. More speci?cally, a projection, a cap, a 
rough texture on the bone-facing surface, one or more 
openings having plural discrete sites, and/or a thickened 
perimeter may be included on bone plates that have planar 
or concave bone-facing surfaces. For example, any suitable 
combination of these features may be included in elongate 
bone plates that ?x long bones. 
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11B. Example 2 

This example describes selected aspects and embodi 
ments of the invention, as a series of ordered paragraphs. 

1. A bone plate for fusing at least tWo bones of a hand or 
foot, comprising: (A) a body portion having a convex, at 
least substantially hemispherical bone-facing surface; and 
(B) at least tWo openings de?ned by the body portion, the 
openings being con?gured to receive bone screWs that attach 
the plate to each of the at least tWo bones and pull the bones 
together. 

2. The bone plate of any one of the preceding or folloWing 
paragraphs of this example, the body portion de?ning at 
least three openings, Wherein the openings are con?gured to 
receive bone screWs that attach the plate to each of at least 
three bones and pull the bones together. 

3. The bone plate of any one of the preceding or folloWing 
paragraphs of this example, Wherein the bone-facing surface 
corresponds to less than half of a sphere. 

4. The bone plate of any one of the preceding or folloWing 
paragraphs of this example, Wherein the bone-facing surface 
corresponds at least substantially to a spherical cap. 

5. The bone plate of any one of the preceding or folloWing 
paragraphs of this example, Wherein the bone plate is formed 
of a biocompatible material. 

6. The bone plate of any one of the preceding or folloWing 
paragraphs of this example, the body portion de?ning a 
central axis, the openings being oriented so that the bones 
are compressed generally toWard the central axis When the 
bone screWs attach the plate to the bones. 

7. The bone plate of any one of the preceding or folloWing 
paragraphs of this example, the body portion de?ning a 
central axis, further comprising a projection that extends 
from the bone-facing surface parallel to the central axis. 

8. The bone plate of any one of the preceding or folloWing 
paragraphs of this example, Wherein the body portion 
includes a central region and a projection disposed at the 
central region and projecting from the bone-facing surface. 

9. The bone plate of paragraph 8, Wherein projection is a 
post con?gured to be removable from the body portion. 

10. The bone plate of any one of the preceding or 
folloWing paragraphs of this example, Wherein at least one 
of the openings is a slot. 

11. The bone plate of any one of the preceding or 
folloWing paragraphs of this example, Wherein the bones are 
carpal bones of the hand. 

12. Amethod of fusing at least tWo bones, comprising: (A) 
selecting a bone plate according any of the preceding or 
folloWing paragraphs of this example; (B) forming a recess 
in the at least tWo bones capable of receiving the bone plate; 
(C) positioning the bone plate in the recess, such that the 
bone-facing surface of the bone plate adjoins the at least tWo 
bones; and (D) joining the bone plate to the at least tWo 
bones using bone screWs. 

13. A bone plate for fusing at least tWo bones of a hand 
or foot, the at least tWo bones de?ning a recess and a hole 
that extends into bone from the recess, the bone plate 
comprising: (A) a body portion con?gured to be received at 
least substantially in the recess, the body portion including 
a central region and an outer region at least partially sur 
rounding the central region, the outer region including a 
convex bone-facing surface; (B) at least tWo openings 
disposed in the outer region of the body portion, the open 
ings being con?gured to receive bone screWs that attach the 
bone plate to the at least tWo bones; and (C) a projection 
extending from the central region of the body portion, 
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beyond the bone-facing surface, the projection being con 
?gured to be received in the hole, thereby restricting move 
ment of the body portion. 

14. The bone plate of any one of the preceding or 
folloWing paragraphs of this example, Wherein the openings 
further are con?gured such that the bone screWs pull the 
bones generally toWard the central region. 

15. The bone plate of any one of the preceding or 
folloWing paragraphs of this example that refers to a pro 
jection, Wherein the projection is con?gured to restrict 
movement of the body portion tangential to the bone-facing 
surface of the outer region. 

16. The bone plate of any one of the preceding or 
folloWing paragraphs of this example that refers to a pro 
jection, the body portion and the projection each de?ning a 
central axis, Wherein the central axes are at least substan 
tially aligned. 

17. The bone plate of any one of the preceding or 
folloWing paragraphs of this example, the body portion 
de?ning a central axis, Wherein the openings are con?gured 
to direct the bone screWs obliquely to the central axis. 

18. The bone plate of any one of the preceding or 
folloWing paragraphs of this example that refers to an outer 
region, Wherein the bone-facing surface of the outer region 
is one of at least substantially hemispherical and at least 
substantially conical. 

19. The bone plate of any one of the preceding or 
folloWing paragraphs of this example that refers to a pro 
jection, Wherein the projection comprises a separate com 
ponent that is removable from the body portion. 

20. The bone plate of any one of the preceding or 
following paragraphs of this example that refers to a pro 
jection and a central region, the central region of the body 
portion de?ning an aperture, Wherein the projection is con 
?gured to be attached to the body portion at the aperture. 

21. The bone plate of any one of the preceding or 
folloWing paragraphs of this example that refers to a pro 
jection, Wherein the projection and the body portion are 
con?gured for threadable engagement. 

22. The bone plate of any one of the preceding or 
folloWing paragraphs of this example that refers to a pro 
jection, Wherein the projection is formed unitarily With the 
body portion. 

23. The bone plate of any one of the preceding or 
folloWing paragraphs of this example, further comprising a 
cap con?gured to be coupled to at least one of the body 
portion and the projection, the cap being con?gured to 
obstruct out-of-bone movement of at least one of the bone 
screWs after the at least one bone screW has attached the 
body portion to one or more of the at least tWo bones. 

24. The bone plate of any one of the preceding or 
folloWing paragraphs of this example, the body portion 
de?ning at least three openings, Wherein the openings are 
con?gured to receive bone screWs that attach the plate to 
each of at least three bones and pull the bones together. 

25. The bone plate of any one of the preceding or 
folloWing paragraphs of this example, the body portion 
further including a perimeter and a bone-opposing surface 
that opposes the bone-facing surface, Wherein the thickness 
of the perimeter is greater than the average thickness of the 
body portion measured betWeen the bone-facing and bone 
opposing surfaces. 

26. A method of fusing bones, comprising: (A) selecting 
a bone plate according to any one of the preceding or 
following paragraphs of this example that refers to a pro 
jection and bone screWs; (B) forming a recess in at least one 
of the at least tWo bones capable of receiving the body 
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portion of the bone plate; (C) forming a hole in at least one 
of the at least tWo bones capable of receiving the projection 
of the bone plate; (D) positioning the bone plate in the recess 
and the hole, such that the bone-facing surface of the body 
portion and the projection both adjoin the at least tWo bones; 
and (E) joining the bone plate to the at least tWo bones using 
bone screWs. 

27. A bone plate for fusing at least tWo bones of a hand 
or foot, comprising: 

(A) a body portion de?ning a central axis and having a 
convex bone-facing surface; and (B) at least tWo openings 
de?ned by the body portion, the openings being con?gured 
to receive bone screWs that attach the plate to each of the at 
least tWo bones and pull the bones together generally toWard 
the central axis, at least one of the openings being a slot. 

28. The bone plate of any one of the preceding or 
folloWing paragraphs of this example that refers to a slot, 
Wherein the slot is arcuate When vieWed generally normal to 
the slot. 

29. The bone plate of any one of the preceding or 
folloWing paragraphs of this example that refers to a slot and 
a central axis, the body portion having a perimeter, Wherein 
the slot extends partially around the central axis and gener 
ally parallel to the perimeter. 

30. The bone plate of paragraph 29, Wherein the slot 
extends toWard the central axis. 

31. The bone plate of paragraph 30, Wherein the slot is a 
compression slot With a tapered counterbore. 

32. The bone plate of any one of the preceding or 
folloWing paragraphs of this example, there being at least 
three openings de?ned by the body portion, Wherein at least 
of the openings is at least substantially circular, and at least 
another tWo of the openings are slots. 

33. The bone plate of paragraph 32, the at least tWo bones 
being at least three bones, Wherein the at least three openings 
are disposed so that the plate can be fastened ?rst to one of 
the bones using the circular opening, and next to at least tWo 
other bones at variable positions using the slots. 

34. The bone plate of any one of the preceding or 
folloWing paragraphs of this example that refers to a slot, the 
body portion de?ning an edge of the slot, Wherein the edge 
is scalloped to form plural discrete sites, each of the discrete 
sites being con?gured to receive one bone screW. 

35. The bone plate of paragraph 34, Wherein the edge 
de?nes a counterbore for each of the discrete sites. 

36. The bone plate of paragraph 35, Wherein at least tWo 
of the plural discrete sites are spaced closely enough to 
prevent tWo bone screWs from being fully inserted simulta 
neously into a bone at the at least tWo discrete sites. 

37. The bone plate of any one of the preceding or 
folloWing paragraphs of this example that refers to a slot, 
Wherein the slot is con?gured to fully receive at least tWo 
bone screWs. 

38. The bone plate of any one of the preceding or 
folloWing paragraphs of this example, Wherein the body 
portion also de?nes at least one aperture for receiving a Wire, 
the diameter of the at least one aperture for receiving the 
Wire being substantially less than the diameter of each 
opening for receiving bone screWs. 

39. The bone plate of any one of the preceding or 
folloWing paragraphs of this example, the body portion 
de?ning at least three openings, Wherein the openings are 
con?gured to receive bone screWs that attach the plate to 
each of at least three bones and pull the bones together 
generally toWard the central axis. 

40. The bone plate of any one of the preceding or 
folloWing paragraphs of this example, further comprising a 
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cap con?gured to be coupled to at least one portion of the 
bone plate, the cap being con?gured to obstruct out-of-bone 
movement of at least one bone screW after the at least one 
bone screW has attached the body portion to one or more 
bones. 

41. The bone plate of any one of the preceding or 
folloWing paragraphs of this example, Wherein at least a 
portion of the bone-facing surface has a rough texture. 

42. Amethod of fusing at least tWo bones, comprising: (A) 
selecting a bone plate according to any one of the preceding 
or folloWing paragraphs of this example; (B) forming a 
recess in the at least tWo bones capable of receiving the bone 
plate; (C) positioning the bone plate in the recess, such that 
the bone-facing surface of the bone plate adjoins bone; and 
(D) joining the bone plate to the at least tWo bones using 
bone screWs. 

43. The method of paragraph 42, Wherein the step of 
joining includes af?xing the plate to a bone using a bone 
screW positioned through a circular opening, and then a?ix 
ing the plate to another of the at least tWo bones using a bone 
screW positioned through a slot. 

44. A bone plate for fusing at least tWo bones of a hand 
or foot, comprising: 

(A) a body portion having a central region and a lateral 
region disposed around the central region, the central region 
including a convex bone-facing surface, the lateral region 
being generally planar; and (B) at least tWo openings de?ned 
by the lateral region, the tWo openings being slots, each slot 
extending toWard the central region. 

45. The bone plate of paragraph 44, the central region 
including a projection that projects from the bone-facing 
surface. 

46. The bone plate of paragraph 44 or 45, the lateral 
region being annular. 

47. The bone plate of any one of paragraphs 44446, the 
lateral region de?ning at least one more opening that is 
circular. 

48. The bone plate of any one of the preceding or 
folloWing paragraphs that refers to slots, the slots being 
compression slots With tapered counterbores. 

49. A bone plate for fusing plural bones, the plural bones 
de?ning a recess and a hole that extends into bone from the 
recess, the bone plate comprising: (A) a body portion 
con?gured to be received in the recess, the body portion 
including a bone-facing surface and a bone-opposing surface 
that opposes the bone-facing surface, the bone-facing sur 
face being convex and con?gured to adjoin at least one of 
the plural bones in the recess, and the body portion de?ning 
plural openings and having a central region, the plural 
openings extending betWeen the bone-facing and bone 
opposing surfaces and being disposed lateral to the central 
region, the plural openings being con?gured to receive bone 
fasteners that attach the body portion to the plural bones and 
that radially compress the plural bones; and (B) a projection 
con?gured to be received in the hole, Wherein the projection 
is joined to the body portion at the central region and extends 
beyond the bone-facing surface, and Wherein the projection 
has a projection surface, the projection surface being con 
?gured to adjoin one or more of the plural bones When the 
body portion adjoins the at least one bone, so that movement 
of the body portion relative to the plural bones is restricted. 

50. The bone plate of any one of the preceding or 
folloWing paragraphs that refers to a projection, the projec 
tion having side Walls, the side Walls being at least substan 
tially cylindrical. 
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51. The bone plate of any one of the preceding or 
following paragraphs that refers to a projection, the body 
portion and the projection being separate components. 

52. The bone plate of any one of the preceding or 
folloWing paragraphs that refers to a projection and a central 
region, the central region of the body portion de?ning an 
opening, the projection being con?gured to be received in 
the opening to join the projection to the body portion. 

53. A bone plate for fusing plural bones that de?ne a 
recess, comprising: (A) a body portion con?gured to be 
received in the recess, Wherein the body portion includes a 
bone-facing surface and a bone-opposing surface that 
opposes the bone-facing surface, the bone-facing surface 
being convex and being con?gured to adjoin at least one of 
the plural bones in the recess, and Wherein the body portion 
de?nes plural openings, the plural openings extending 
betWeen the bone-facing and bone-opposing surfaces, the 
plural openings being con?gured to receive bone fasteners 
or bone screWs that attach the body portion to the plural 
bones; and (B) a cap con?gured to be coupled to the body 
portion and con?gured to obstruct out-of-bone movement of 
at least one of the bone fasteners after the at least one bone 
fastener has attached the body portion to at least one of the 
plural bones. 

54. The bone plate of any one of the preceding or 
folloWing paragraphs, Wherein the openings are con?gured 
to receive bone fasteners that compress the bones radially. 

55. The bone plate of any one of the preceding or 
folloWing paragraphs that refers to a cap, Wherein the cap is 
con?gured to be threadably engaged With the body portion. 

56. The bone plate of any one of the preceding or 
following paragraphs that refers to a cap, Wherein the cap 
has a blocking portion con?gured to contact a head portion 
of at least one bone fastener before the at least one bone 
fastener moves completely out of bone. 

57. The bone plate of any one of the preceding or 
folloWing paragraphs that refers to a cap, the cap having a 
threaded portion joined to the blocking portion, Wherein the 
threaded portion is con?gured to couple the cap to the body 
portion, the blocking portion and threaded portion each 
having a diameter, the diameter of the blocking portion 
being greater than the diameter of the threaded portion. 

58. The bone plate of any one of the preceding or 
folloWing paragraphs that refers to a cap, the body portion 
having a central region, the central region de?ning a hole, 
Wherein the cap is con?gured to be received in the hole from 
the bone-opposing surface to couple the cap to the body 
portion. 

59. The bone plate of any one of the preceding or 
folloWing paragraphs that refers to a cap, the cap being 
con?gured to obstruct out-of-bone movement for each of the 
bone fasteners or bone fasteners that connects the bone plate 
to the bones. 

60. Amethod of fusing at least tWo bones, comprising: (A) 
selecting a bone plate according to any one of the preceding 
or folloWing paragraphs of this example that refers to a cap; 
(B) forming a recess in the at least tWo bones capable of 
receiving the bone plate; (C) positioning the bone plate in 
the recess, such that the bone-facing surface of the bone 
plate adjoins the at least tWo bones; (D) joining the bone 
plate to the at least tWo bones using bone screWs; and (E) 
af?xing the cap to the bone plate, such that out-of-bone 
movement of at least one of the bone screWs is obstructed. 

61. A bone plate for fusing plural bones that de?ne a 
recess, comprising a body portion con?gured to be received 
in the recess, the body portion including a bone-facing 
surface and a bone-opposing surface that opposes the bone 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

18 
facing surface, the bone-facing surface being convex and 
con?gured to adjoin the plural bones in the recess, and the 
body portion de?ning plural openings, the plural openings 
extending betWeen the bone-facing and bone-opposing sur 
faces, the plural openings being con?gured to receive bone 
fasteners that attach the body portion to the plural bones and 
that radially compress the plural bones, Wherein at least one 
of the plural openings includes plural discrete sites, each of 
the plural sites being con?gured to receive one bone fas 
tener. 

62. The bone plate of paragraph 61, each of the discrete 
sites being con?gured to position a nonoverlapping region of 
the body portion in contact With one of the bone fasteners. 

63. The bone plate of paragraph 61 or 62, the body portion 
having an edge that de?nes the at least one opening, the edge 
also de?ning the plural discrete sites. 

64. The bone plate of paragraph 63, the edge de?ning stop 
structures that separate the plural discrete sites, the stop 
structures being con?gured to alloW the one fastener to 
move betWeen the discrete sites When one bone fastener 
extends through the at least one opening With a shaft portion 
of the one fastener apposed to the edge, but to restrict the 
fastener to one of the discrete sites When the one fastener 
extends through the at least one opening With a head portion 
of the fastener contacting the edge. 

65. The bone plate of any one of paragraphs 61*64, at 
least one opening being narroWed betWeen the discrete sites. 

66. The bone plate of any one of paragraphs 61*65, the 
plate having an edge that de?nes the at least one opening, the 
edge also de?ning a counterbore for each of the discrete 
sites. 

67. The bone plate of any one of paragraphs 61*66, the 
plate having a central region, the plural openings being 
disposed lateral to the central region, the plural openings 
including at least one aperture con?gured to receive only 
one of the bone fasteners so that the bone fastener prohibits 
rotation of the plate about the central axis. 

68. The bone plate of any one of paragraphs 61*67, at 
least tWo of the plural discrete sites being spaced closely 
enough to prevent fully inserting tWo of the bone fasteners 
into bone at the at least tWo discrete sites. 

69. The bone plate of any one of paragraphs 61*68, the at 
least one opening being con?gured to receive at least tWo of 
the bone fasteners With the at least tWo bone fasteners fully 
inserted into bone. 

70. A bone plate for fusing plural bones that de?ne a 
recess, comprising a body portion con?gured to be received 
in the recess, the body portion including a bone-facing 
surface and a bone-opposing surface that opposes the bone 
facing surface, the bone-facing surface being convex and 
con?gured to contact at least one of the plural bones in the 
recess, and the body portion de?ning plural openings, the 
plural openings extending betWeen the bone-facing and 
bone-opposing surfaces, the plural openings being con?g 
ured to receive bone fasteners that attach the body portion to 
the plural bones and that radially compress the plural bones, 
Wherein the bone-facing surface includes a region con?g 
ured to have a rough texture. 

71. The bone plate of paragraph 70, the bone-opposing 
surface having an average texture, the region having the 
rough texture being palpably rougher than the average 
texture. 

72. The bone plate of paragraph 70 or 71, the bone-facing 
surface having an area, the region having the rough texture 
occupying at least half of the area. 

73. A bone plate for fusing plural bones that de?ne a 
recess, comprising a body portion con?gured to be received 
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in the recess, the body portion including a bone-facing 
surface and a bone-opposing surface that opposes the bone 
facing surface, the bone-facing surface being convex and 
con?gured to contact at least one of the plural bones in the 
recess, the body portion de?ning plural openings, the plural 
openings extending betWeen the bone-facing and bone 
opposing surfaces, the plural openings being con?gured to 
receive bone fasteners that attach the body portion to the 
plural bones and that radially compress the plural bones, 
Wherein the body portion includes a perimeter and an 
average thickness measured betWeen the bone-facing and 
bone-opposing surface, the perimeter having a thickness that 
is greater than the average thickness. 

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 speci?c embodiments thereof as disclosed and 
illustrated herein are not to be considered in a limiting sense, 
because numerous variations are possible. The subject mat 
ter 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 subcombi 
nations 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. 
We claim: 
1. A method of fusing at least tWo bones, comprising: 
selecting a bone plate including a body portion With a 

bone-facing surface and further including a post 
extending from the bone-facing surface of the body 
portion; 

placing the bone plate into a cavity formed by at least tWo 
bones such that the post restricts movement of the body 
portion; and 

attaching the bone plate to the at least tWo bones using 
fasteners, 

Wherein the steps of placing and attaching are performed 
With carpal bones. 

2. The method of claim 1, further comprising a step of 
removing a portion of each of the at least tWo bones to form 
the cavity. 

3. The method of claim 2, Wherein the step of removing 
includes a step of forming adjoining ?rst and second cavi 
ties, Wherein the ?rst cavity is shaped according to the 
bone-facing surface, and Wherein the second cavity is 
shaped according to the post. 

4. The method of claim 3, Wherein the ?rst and second 
cavities are formed in a single step. 

5. The method of claim 1, Wherein the step of selecting 
includes a step of selecting a bone plate having a post 
disposed in threaded engagement With the body portion. 

6. The method of claim 2, Wherein the step of removing 
includes a step of forming a recess in the at least tWo bones, 
Wherein the recess is capable of receiving the body portion, 
Wherein the step of placing disposes the post in a region of 
the cavity adjoining the recess, and Wherein the region is 
formed at least partially by a pre-existing gap betWeen the at 
least tWo bones. 

7. The method of claim 1, Wherein the step of selecting 
includes a step of selecting a bone plate including a bone 
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facing surface that is convex, and Wherein the step of 
removing includes forming a cavity at least partially de?ned 
by a concave bone surface. 

8. The method of claim 1, Wherein the step of selecting 
includes a step of selecting a bone plate including a post 
formed unitarily With the body portion. 

9. The method of claim 1, Wherein the step of selecting 
includes a step of selecting a bone plate including a post that 
is a separate component attached to the body portion, and 
Wherein the step of placing includes a step of placing the 
body portion and the post as a unit into the cavity. 

10. The method of claim 1, Wherein the step of selecting 
includes a step of selecting a bone plate including a post 
substantially centered on the body portion. 

11. The method of claim 1, Wherein the step of selecting 
includes a step of selecting a bone plate including a body 
portion With a bone-facing surface having a rough texture, 
and Wherein the step of placing positions the rough texture 
adjacent bone. 

12. The method of claim 1, Wherein the step of selecting 
includes a step of selecting a bone plate including a body 
portion With a bone-facing surface corresponding to a por 
tion of a sphere. 

13. The method of claim 12, Wherein the step of selecting 
includes a step of selecting a bone plate including a body 
portion With a bone-facing corresponding to less than half of 
a sphere. 

14. The method of claim 1, Wherein the step of selecting 
includes a step of selecting a bone plate including a body 
portion having a bone-opposing surface and a central region, 
and Wherein the central region de?nes a blind opening 
extending into the body portion from the bone-opposing 
surface. 

15. The method of claim 1, Wherein the step of selecting 
includes a step of selecting a bone plate de?ning a central 
axis and a plurality of openings arranged around the central 
axis, Wherein each of the plurality of openings de?nes an 
axis extending obliquely to the central axis, and Wherein the 
step of attaching includes a step of placing bone screWs 
through at least tWo of the plurality of openings. 

16. The method of claim 1, Wherein the step of selecting 
includes a step of selecting a bone plate including a cap 
con?gured to be attached to the body portion such that the 
cap obstructs out-of-bone movement of at least one of the 
fasteners after the at least one fastener has attached the body 
portion to bone. 

17. The method of claim 1, Wherein the step of selecting 
includes a step of selecting a body portion de?ning at least 
one slot con?gured such that a bone screW can be placed at 
multiple positions along the slot. 

18. The method of claim 1, Wherein the body portion 
further includes a perimeter and a bone-opposing surface 
that opposes the bone-facing surface, and Wherein the thick 
ness of the perimeter is greater than the average thickness of 
the body portion measured betWeen the bone-facing and 
bone-opposing surfaces. 

19. The method of claim 1, Wherein the bone-facing 
surface corresponds to a portion of a sphere having a center, 
and Wherein the step of placing restricts pivotal motion of 
the body portion about a plurality of axes extending through 
the center. 

20. The method of claim 1, the bone plate including a 
plurality of openings, Wherein the step of attaching includ 
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ing a step of placing bone screws through the plurality of 
openings and into the at least tWo bones. 

21. The method of claim 1, Wherein the step of selecting 
includes a step of selecting a body portion having a Width 
and a height, and Wherein the height is substantially less than 
half the Width. 

22. The method of claim 1, Wherein the step of selecting 
includes a step of selecting a body portion and a post each 
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having a Width, and Wherein the Width of the post is about 
one-?fth the Width of the body portion. 

23. The method of claim 1, Wherein the step of selecting 
includes a step of selecting a bone plate having a height, and 
Wherein the post extends from the bone-facing surface by a 
distance less than the height. 

* * * * * 


