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BONE JOINING APPARATUS AND METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation application of U.S.
application Ser. No. 14/270,542, filed on May 6, 2014 and
issued on Jun. 27, 2017 as U.S. Pat. No. 9,687,286, which
is a continuation application of U.S. application Ser. No.
12/709,426, filed on Feb. 19, 2010 and issued on May 6,
2014 as U.S. Pat. No. 8,715,325, which claims the benefit of
U.S. Provisional Application No. 61/153,907, filed Feb. 19,
2009, which are each incorporated herein by reference in
their entirety.

BACKGROUND
(1) Field
This application relates to devices and methods for join-
ing bones.

(2) Description of the Related Art

Hammertoe deformity, the most common deformity of the
lesser toes, is a flexion deformity of the proximal interpha-
langeal (PIP) joint of the toe, with hyperextension of the
metatarsophalangeal (MTP) and distal interphalangeal (DIP)
joints. Progressive PIP joint flexion deformity typically
leads to compensatory hyperextension of the MTP and DIP
joints. This makes the PIP joint prominent dorsally. Pain
occurs due to rubbing of the prominence against the
patient’s shoe. The deformity is flexible at first but usually
becomes fixed over time. When the deformity is flexible,
various procedures can be utilized that involve manipulation
of the involved tendons. However, when the deformity is
fixed, PIP fusion or joint replacement is often required.
Implants available for this purpose include the Weil-
Carver™ Hammertoe Implant (Biomet®, Inc., Warsaw,
Ind.), Flexible Digital Implant (Tornier, Inc. Edina, Minn.),
SHIP Implant (Sgarlato Labs, Campbell Calif.), Digital
Compression Screw (BioPro®, Port Huron Mich.), Smart
Toe™ Intramedullary Memory Implant (Memometal Inc.,
Memphis Tenn.) and StayFuse™ Intramedullary Fusion
Device (Tornier, Inc. Edina, Minn.). The latter three
implants are used when fusion is desired, since the other
implants allow some flexibility of the joint. With all current
implants, placement is critical because, when mounted, there
is no adjustability in the angle of flexion between the two cut
bones to be joined.

There is thus a need for alternative designs for implants
for joining two bone pieces, including implants that fix the
two bone pieces, particularly designs that allow adjustment
of the angle of flexion between the two bones. The present
invention addresses that need.

BRIEF SUMMARY OF THE INVENTION

A bone joining device is provided that allows adjustment
of the angle between the two bones to be joined.

In some embodiments, a bone joining device suitable for
joining a first bone piece to a second bone piece is provided.
The device comprises a first component and a second
component, wherein the first component comprises a first
elongated stem portion comprising a first end and a first top
opposite the first end, the first stem portion suitable for
insertion from the first end longitudinally into a surface of
the first bone piece, and the second component comprises a
second elongated stem portion comprising a second end and
a second top, the second stem portion suitable for insertion
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2

from the second end longitudinally into a surface of the
second bone piece. The device also comprises a connector
extending from the second top, wherein the connector is
capable of linking with the first component and locking
therewith.

Also provided is a pin locking tool suitable for locking a
position of the connector in relation to the second top in the
above-described device. The pin locking tool comprises a
handle comprising a thumb hole and finger hole pivotally
joined by a scissor hinge to bring together a first distal end
and a second distal end when the thumb hole and finger hole
are pulled together; the first distal end terminated by a
contoured formation which is configured to engage the
second top; the second distal end terminated by a pin
formation configured to engage the wide end of the locking
pin.

Additionally, a tool for reaming a hole from a cut bone
surface into an intramedullary canal of the bone is provided.
The tool comprises an elongate first shank having a first
proximal end and a first distal end, the distal end terminating
in a shaping drill end terminating in a point, the shaping drill
further comprising a plurality of first ridges having sharp
edges immediately proximal to the point; a short shaft
immediately proximal to the first ridges; a shoulder wider
than the short shaft immediately proximal to the short shaft;
a skirt having a distal surface, wider than the shoulder
immediately proximal to the shoulder having a concave or a
convex distal surface; and a cutout extending from the
plurality of ridges through the first short shaft, the first
shoulder, and the first skirt, the cutout having sharp lateral
edges designed to cut through the bone as the tool is rotated
and driven therein.

Additionally, a driver suitable for screwing the above-
described device into an intramedullary canal of a bone is
provided. The device comprises an elongate shank having a
proximal end and a distal end. The distal end comprises two
half sections operably linked to a slidable bobbin on the
shank, such that sliding the bobbin toward the distal end
forces the two half sections together to hold the first top or
the second top securely.

Also provided is a method of joining a first bone piece
with a second bone piece in a living vertebrate. The method
comprises inserting the above-described bone joining device
between the first bone piece and the second bone piece such
that the two bone pieces are securely joined.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of one embodiment of the
invention bone joining device showing the female compo-
nent and the male component aligned for joining.

FIG. 2 is a sectional view of one embodiment of the
invention bone joining device showing the female compo-
nent and the male component aligned for joining.

FIG. 3 is a perspective view of one embodiment of the
bone joining device after partial insertion of the connector
into the female component.

FIG. 4 is a sectional view of one embodiment of the bone
joining device after partial insertion of the connector into the
female component.

FIG. 5 is an enlarged fragmentary view of one embodi-
ment of the bone joining device after partial insertion of the
connector into the female component.

FIG. 6 is an enlarged fragmentary view of one embodi-
ment of the bone joining device after partial insertion of the
connector into the female component.
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FIG. 7 is a side elevation longitudinal sectional view of a
bone with one embodiment of the bone joining device in
place after partial insertion of the connector into the female
component.

FIG. 8 is a perspective view of one embodiment of the
invention bone joining device showing the female compo-
nent and the male component after full insertion of the
connector into the female component.

FIG. 9 is a sectional view of one embodiment of the
invention bone joining device showing the female compo-
nent and the male component after full insertion of the
connector into the female component.

FIG. 10 is a side elevation longitudinal sectional view of
a bone with one embodiment of the invention bone joining
device in place after full insertion of the connector into the
female component.

FIG. 11 is a perspective view of one embodiment of the
male component of the invention bone joining device.

FIG. 12 is an exploded perspective view of one embodi-
ment of the male component of the invention bone joining
device.

FIG. 13 is a perspective view of one embodiment of the
female component of the invention bone joining device.

FIG. 14 is a sectional view of one embodiment of the
female component of the invention bone joining device.

FIG. 15 is an exploded perspective view of one embodi-
ment of the invention bone joining device.

FIG. 16 is a perspective, partial see-through view of one
embodiment of the invention bone joining device after
partial insertion of the connector into the female component.

FIG. 17 is a perspective, see-through view of one embodi-
ment of the invention bone joining device after full insertion
of the connector into the female component.

FIG. 18 is an exploded perspective view of one embodi-
ment of the invention bone joining device.

FIG. 19 is a perspective (Panel A) and a cross-sectional
(Panel B) view of one embodiment of a crimping shaft of the
invention bone joining device.

FIG. 20 is two perspective views of one embodiment of
a pin locking tool.

FIG. 21 is a perspective (Panel A) and a cross-sectional
(Panel B) view of one embodiment of a connector of the
invention bone joining device.

FIG. 22 is a perspective (Panel A) and two cross-sectional
(Panels B and C) view of one embodiment of a female
component of the invention bone joining device.

FIG. 23 are three perspective views of one embodiment of
the invention bone joining device.

FIG. 24 is a perspective view of a pilot hole drilling
device of one embodiment of the invention bone joining
device.

FIG. 25 is a perspective view of one embodiment of a
proximal reamer (Panel A), a perspective view of the proxi-
mal reamer aligned with a female component (Panel B) and
a perspective view of a sectioned bone showing a hole
drilled by the proximal reamer (Panel C).

FIG. 26 is a perspective view of a portion of a proximal
driver and a female component (Panel A), and a section of
the proximal driver and female component inserted into a
bone (Panel B).

FIG. 27 is a perspective view of one embodiment of a
distal reamer (Panel A), a perspective view of the distal
reamer aligned with a male component (Panel B) and a
perspective view of a sectioned bone showing a hole drilled
by the distal reamer (Panel C).
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FIG. 28 is a perspective view of one embodiment of a
distal driver aligned with a bone (Panel A) and a bone with
a male component inserted therein (Panel B).

FIG. 29 is perspective views of proximal and middle
phalanges of a lesser toe aligned as when the invention bone
joining device is inserted therein.

FIG. 30 is a sectional view of the invention bone joining
device inserted into proximal and middle phalanges of a
lesser toe.

FIG. 31 is a sectional view of the invention bone joining
device inserted into proximal and middle phalanges of a
lesser toe.

FIG. 32 is a cross section of the insertion of the two parts
of'a prior art device (Panel A) and the invention bone joining
device (Panel B) showing the comparative stretching of
surrounding tissues during the insertion of each device.

FIG. 33 is a perspective view of a proximal driver with a
handle during insertion of the invention bone joining device
into a proximal phalanx.

FIG. 34 is a perspective view of the invention bone
joining device and tools used to install the device as pre-
pared for packaging.

DETAILED DESCRIPTION OF THE
INVENTION

The inventors have developed a bone joining device that
allows adjustment of the angle between the two bones to be
joined.

In some embodiments, the application is directed to a
bone joining device suitable for joining a first bone piece to
a second bone piece. The device comprises a first component
and a second component, wherein the first component com-
prises a first elongated stem portion comprising a first end
and a first top opposite the first end, the first elongated stem
portion suitable for insertion from the first end longitudi-
nally into a surface of the first bone piece, and the second
component comprises a second elongated stem portion com-
prising a second end and a second top, the second elongated
stem portion suitable for insertion from the second end
longitudinally into a surface of the second bone piece. The
device further comprises a connector extending from the
second top. The connector is capable of joining with the first
component and locking therewith.

The connector may join with the first component by any
means known in the art. Non-limiting examples of such
joining means include knobs, clamps, teeth, glues, Velcro®
and staples. In some embodiments, the first component is a
female component and the second component is a male
component, wherein the first elongated stem portion of the
female component further comprises an opening that
extends axially from the first top toward the first end; and the
connector comprises an elongated shaft, a proximal end, a
top of shaft near the proximal end, and a distal end, wherein
the connector is capable of insertion into the opening in the
first elongated stem portion and locking therein. The figures
provide several examples of these devices, as detailed
below.

The device is generally useful for joining any two bone
pieces, for example two vertebrae or two halves of a broken
bone. In some embodiments, the device is particularly useful
for joining or fusing cut surfaces of bones, in particular the
cut ends of long bones, especially fingers or toes, e.g., for
joining or fusing a joint on a lesser toe, for example to treat
hammertoe, claw toe, mallet toe or curly toe. In those
embodiments, the first stem portion is suitable for insertion
from the first end longitudinally into a cut surface of a
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resected phalanx, metatarsal or metacarpal, or a cut diaphy-
sis, and the second stem portion is suitable for insertion from
the second end longitudinally into a cut surface of a resected
phalanx, metatarsal or metacarpal, or a cut diaphysis. The
device can also be used to fuse a metatarsal that has been
shortened by resection.

Various, nonlimiting embodiments of the device are
shown in FIGS. 1-33, where the bone joining device 10 is
provided as a female component 20 and a male component
30. The female component 20 of this embodiment is an
elongated stem, and comprises a first end 21, a first top 22
and a cylindrical cavity 29, best shown in FIGS. 2, 13, 14
and 22, comprising a cylindrical wall 23, a closed distal end
27 and an open proximal end 28. The illustrated female
component 20 also comprises a continuous spiraling thread
24 on the exterior of the component, suitable for screwing
the component into a bone. The female component 20 is also
referred to herein as the “first elongated stem portion.” The
cavity and wall can have any shape cross section as defined
by the cavity wall, including, for example, circular, oval,
rectangular hexagonal and octagonal.

The male component 30, best shown in FIGS. 1, 2, 4, 7,
10, 11,12, 15, 18 and 23, comprises a second elongated stem
portion 37 comprising a second end 31 and a second top 32,
with a connector 40 extending from the second top 32. The
male component 30 is also referred to herein as the “second
elongated stem portion.” The illustrated second elongated
stem portion 37 comprises a continuous spiraling thread 34
on the exterior, where the thread is suitable for screwing the
component into a bone 50.

The female component 20 and the male component 30 can
independently be cylindrical or conical, or any combination
thereof, e.g., cylindrical at the proximal end, transitioning
into a conical shape.

While the illustrated embodiments show a spiraling thread
as a means to anchor the male component and the female
component into the bone, any alternate anchoring means can
be used, for example barbs, a shape memory expanding
means (e.g., as featured in the Smart Toe™ Implant (Memo-
metal Inc., Memphis Tenn.), or any other anchoring means
known in the art.

Where present, the spiraling threads on the device can be
of any type known in the art for screwing into a bone. In
some embodiments, the spiraling thread is a continuous
spiraling thread. In other embodiments, the spiraling thread
allows self-tapping and/or self-threading of the first elon-
gated stem portion into the first bone piece and the second
elongated stem portion into the second bone piece. See, e.g.,
240 of FIGS. 15-17.

In some embodiments, the continuous spiraling thread 24
and 34 on the female and male components both spiral in the
same direction, e.g., clockwise, so that, when the device is
screwed into opposing bone surfaces and then joined, the
opposing pitch of the threads in the bone prevents the device
from unscrewing.

These embodiments are not limited to any particular pitch
of one rotation of the continuous spiraling thread. For
example, the pitch may be 5 mm or greater, 4 mm, 3 mm,
2 mm, 1 mm, less than 1 mm, or any distance in between
these distances.

In some embodiments, the connector 40 is as shown in
FIGS. 1, 11 and 12. In those embodiments, the connector 40
extends from the second top 32 and comprises a proximal
end 41, a top of shaft 46 near the proximal end 41, and a
distal end 42. The proximal end 41 comprises a connector
hole 47, best shown in FIG. 12, that is joined to the second
top 32 in a recess 35 with crimping pins 33 and a crimping
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shaft 36. When so joined, the connector 40 can be adjustably
positioned in an angular direction in relation to the second
top 32 until the crimping pins 33 are crimped toward each
other along the crimping shaft 36, forcing outer flanges 36a
outward, which engage the connector hole 47, causing
friction between the outer flanges 36a and the connector hole
47 and preventing further adjustable positioning of the
connector 40 in relation to the second top 32.

The connector hole 47 in combination with the crimping
shaft 36 serves as a locking mechanism that prevents adjust-
able positioning of the connector 40 in relation to the second
top. In use, the distal end 42 of the connector 40 is inserted
into the open proximal end 28 of the female component 20,
penetrating the cylindrical cavity 29 to a certain point, e.g.,
as in FIGS. 3-7 and 16. This partial insertion feature allows
the connector 40 to then be adjusted to the desired angle in
relation to the second top 32 before the device is inserted to
its final position. The crimping pins 33 are then crimped,
using any tool that can push the two crimping pins 33
simultaneously into the crimping shaft 36, preventing fur-
ther angular movement in relation to the second top. The
connector 40 is then further inserted into the shaft to the
desired final position.

An alternative embodiment to a crimping shaft to prevent
positioning of a connector 40 in relation to a second top 32
is illustrated in FIG. 19. As illustrated therein, the crimping
shaft is substituted with a locking pin 360 that has a tapered
cylindrical shape having a narrow end 362 and a wide end
364. Although the ends can be of any appropriate configu-
ration, in the illustrated embodiment, both the narrow end
362 and the wide end 364 have inwardly directed indenta-
tions 366, 368, which is designed to accommedate a tool
used to push the locking pin 360 into the connector hole 47.
In use, the locking pin 360 is inserted partly into the
connector hole 47 from the narrow end 362, where it acts as
an hinge that connects the proximal end 41 of the connector
40 with the second top 32 of the second elongated stem
portion 37, allowing angular positioning of the connector 40
in relation to the second top 32. When the connector 40 is in
the desired angular position in relation to the second top 32,
the wide end 364 of the locking pin 360 is pushed further
into the connector hole 47, causing friction between the wide
end 364 of the locking pin 360, the connector hole 47, and
the second top 32 of the second elongated stem portion 37,
frictionally preventing further movement of the connector
40 in relation to the second top 32.

In these embodiments, the locking pin 360 can be pushed
into the connector hole 47 using any suitable tool, for
example a modified tissue clamp, a modified k-wire pliers,
or the pin locking tool 60 illustrated in FIG. 20. As illus-
trated, the pin locking tool 60 comprises a handle 62
comprising a thumb hole and finger hole 63, 64 pivotally
joined by a scissor hinge 65 to bring together distal ends 66,
67 when the thumb hole and finger hole 63, 64 are pulled
together. Distal end 66 is terminated by a contoured forma-
tion 68, which is configured to engage the second top 32.
Distal end 68 is terminated by a pin formation 69, which is
configured to engage the wide end 364 of the locking pin
360. In that position, when the surgeon pulls the thumb hole
and finger hole 63, 64 together, the pin formation 69 pushes
the wide end 364 of the locking pin 360 into the connector
hole 47, locking the connector 40 in the desired angular
position in relation to the second top 32. Although FIG. 20
shows the engagement of the locking pin 360 before the
connector 40 is joined to the female component 20, the
locking pin 360 can also be so engaged after the connector
40 is so joined, e.g., after the connector 40 is partially
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inserted into the female component 20, as illustrated in
FIGS. 3-7. Additionally, the pin locking tool 60 can be used
with the crimping pins 33 and a crimping shaft 36 described
above and illustrated in FIG. 12, or with any other suitable
component.

In some embodiments, the angle of the connector 40 is not
locked in relation to the second top 32, e.g., when fixation
is not desired, allowing flexion between the bone pieces such
that the connector 40—second top 32 forms a joint, for
example a PIP, a DIP or an MTP joint. In these embodi-
ments, the locking pin 360 or crimping pin 33/crimping shaft
36 is not pushed into the connector hole 47, or is only pushed
in part way, to allow the desired degree of flexion. Alterna-
tively, a simple pin or any other component can be inserted
into the connector hole rather than the locking pin 360 or
crimping pin 33/crimping shaft 36, to provide a hinge for the
joint.

The connector hole 47 and/or crimping shaft 36 can be
designed so that the connector 40 is limited in angular
movement in relation to the second top 32. In some embodi-
ments, the connector 40 is capable of being adjustably
positioned at an angle of at least 10° in each of a forward
direction and a reverse direction in relation to the second top
32. In other embodiments, the connector 40 is capable of
being adjustably positioned at an angle of at least 90° in each
of a forward direction and a reverse direction in relation to
the second top 32. See FIG. 6. In additional embodiments,
the connector 40 is capable of being adjustably positioned at
an angle of at least 120° in each of a forward direction and
a reverse direction in relation to the second top 32. In still
other embodiments, the connector 40 is capable of being
adjustably positioned at an angle of at least 150° in each of
a forward direction and a reverse direction in relation to the
second top 32.

In alternative embodiments, the connector 40 is coupled
to the second top 32 using a snap-lock, where the connector
40 can lock in the first elongated stem portion 20 without
further insertion of the connector 40 into the first elongated
stem portion 32.

In some embodiments, the cylindrical cavity 29 of the
female component 20 is designed to receive the connector
40 through the proximal end 28 of the cavity 29 (FIGS. 13
and 14). In these embodiments, the connector 40 is elon-
gated and cylindrical. The connector further comprises a
ring 44 formed around the distal end 42, where the ring 44
has a diameter larger than the diameter of the cylindrical
cavity 23 and cross slits 43 directed axially from the distal
end 42 toward the proximal end 41 of the connector 40,
thereby forming a spring collet 45 (shown in FIGS. 1, 2, 4,
9, 11 and 12).

To accommodate the connector 40 in these embodiments,
the cylindrical cavity 29 further comprises at least a first
ring-shaped recess 25a circumscribing the cylindrical wall
23 near the distal end such that, when the connector 40 is
inserted into the cylindrical cavity 29, the spring collet 45 is
compressed until the ring 44 encounters the first recess 25a,
where the first recess 25a accommodates a less compressed
diameter of the ring 44 and the spring collet 45 transitions
to a less compressed state. FIGS. 3-7 show the illustrated
embodiment at that position.

To prevent the connector 40 from being pulled out of the
cylindrical cavity 29, the ring 44 can comprise an edge 48
on the side closer to the proximal end 41 of the connector 40,
where the edge is designed to prevent movement of the
connector 40 in the proximal direction after encountering the
ring-shaped recess 25q. In the illustrated embodiment, the
edge 48 is substantially perpendicular to the wall 23 of the

10

15

20

25

30

35

40

45

50

55

60

65

8

cylindrical cavity 29. In other embodiments, the edge 48
forms an acute angle with the perimeter of the connector 40.
In the illustrated embodiment, the wall 23 of the cylin-
drical cavity 29 further comprises a second ring-shaped
recess 25b circumscribing the cylindrical wall 23 closer to
the distal end 27 than the first recess 25a, where the
connector 40 can be inserted beyond the first recess 25a,
compressing the spring collet 45 until the ring 44 encounters
the second recess 25b, where the second recess 2556 accom-
modates a less compressed diameter of the ring 44 and the
spring collet 45 transitions to a less compressed state.

The distance between the recesses 25a and 255 in the wall
23 of the cylindrical cavity 29 can be any distance appro-
priate for the particular application. The distance may be 5
mm or greater, 4 mm, 3 mm, 2 mm, 1 mm, less than 1 mm,
or any distance in between these values. In some embodi-
ments, the distance is anywhere from 0.2 mm to 1 mm, for
example about 0.6 mm.

In the illustrated embodiment, the wall 23 of the cylin-
drical cavity 29 further comprises a third ring-shaped recess
25¢ circumscribing the cylindrical wall 23 closer to the
distal end 27 than the second recess 255, where the connec-
tor 40 can be inserted beyond the second recess 254,
compressing the spring collet 45 until the ring 44 encounters
the third recess 25¢, where the third recess 25¢ accommo-
dates a less compressed diameter of the ring 44 and the
spring collet 45 transitions to a less compressed state.

In the illustrated embodiment, the wall 23 of the cylin-
drical cavity 29 additionally comprises a fourth and fifth
ring-shaped recess 254 and 25¢ circumscribing the cylindri-
cal wall 23 closer to the distal end 27 than the third recess
25¢, where the connector 40 can be inserted beyond the third
recess 25¢, compressing the spring collet 45 until the ring 44
encounters the fourth recess 254 or fifth recess 25¢, where
the fourth and fifth recess 254 and 25¢ accommodates a less
compressed diameter of the ring 44 and the spring collet 45
transitions to a less compressed state. FIGS. 8-10 show the
illustrated embodiment in that position.

In the operation of the illustrated embodiment, when the
connector 40 is inserted into the cylindrical cavity 29 and the
spring collet 45 engages the first recess, the connector 40
continues to be capable of being adjustably positioned in
relation to the second top 32. This is best illustrated in FIGS.
3, 4 and 6, also showing that when the spring collet 45 is
engaged in the first recess 25a, there is a gap between the
second top 32 and the first top 22, such that the top of the
shaft 46 of the connector 40 is exposed. The gap provides
room for the second top to adjustably position the second
elongated stem portion 37 to any angle desired. FIG. 7
illustrates the device in a digit, showing the gap between the
second top 32 and the first top 22. FIG. 7 also illustrates that,
when the spring collet 45 engages the first recess 25a, the
device provides continuous adjustability of the male com-
ponent 30 in relation to the connector 40 in the flexion of the
joint. Thus, using the invention device, the joint can be
flexed to any degree necessary. If fusion is desired, that
fusion can be made at the desired angle of flexion.

In some embodiments, when the female component 20
and the male component 30 are screwed into the bone pieces
50, those two components should rotationally align with
each other so that the top of the shaft 46 can fit inside the
proximal end of the cylindrical cavity 29. Additionally,
when the device is used to fuse a digit, as in e.g., hammertoe
treatment, the positioning of the connector 40 in an angular
direction should be made in the proper rotational plane, such
that the connector 40 can be positioned along an angle that
follows the natural flexion of the digit. The identity of the



US 10,357,299 B2

9

proper alignment of the female and male components can be
accomplished by any means, for example by providing
marks on the first top 22 and near the proximal end 41 of the
connector 40, where the marks align at the desired position
of the male component 30 and female component 20 when
the ring 44 is in the first recess 25a. Additionally, when the
ring 44 is in the first recess 25q, the connector 40 may be
adjusted to the desired angle in relation to the second top 32
and the crimping pins 33 crimped, preventing further angu-
lar movement of the connector 40 in relation to the second
top 32.

The device may additionally comprise any means to
prevent rotation of the connector 40 in relation to the first
elongated stem portion 20, and to assure that the male
component 30 and female component 20 are properly
aligned rotationally. In some embodiments, as illustrated in
FIGS. 15-18, the connector 40 comprises a groove 401 along
the length of the connector, and the first elongated stem
portion 20 further comprises a pin hole 231 through the side
of the first elongated stem portion 20, the pin hole 231
further comprising an anti-rotation pin 201 capable of fitting
in the groove 401 of the connector 40 when the connector 40
is inserted into the proximal end of the cavity 29 of the first
elongated stem portion 20. The anti-rotation pin 201 pre-
vents rotation of the connector 40 in relation to the first
elongated stem portion 20 when the anti-rotation pin is in the
groove 401 of the connector 40.

In the embodiments illustrated in FIGS. 15-18, the con-
nector 40 further comprises at least two shaft-rings 441
surrounding and protruding from the shaft. Each shaft ring
441 varies from the other shaft-ring(s) in their proximity to
the distal end of the shaft. The circumference of the shaft-
rings 441 is slightly less than the circumference of the
cylindrical cavity 29 in the first elongated stem portion 20 of
the female component. Six shaft rings are in the device
shown in FIGS. 15-17, and three in the device shown in FIG.
18. The cylindrical cavity 29 in the first elongated stem
portion of the female component further comprises a slot
221 circumscribing the cylindrical wall 23 near the proximal
end 28 of the cavity 29. The slot 221 further comprises a
c-ring 211 fitting therein.

In these embodiments, the c-ring 211 protrudes into the
cavity 29 when relaxed. However, the c-ring 221 expands
and recedes into the slot 221 when the connector 40 is
inserted into the cavity 29 and a shaft-ring 441 encounters
the c-ring 221 and pushes against it. This allows the shaft
ring 441 to pass the c-ring 221. After the shaft ring 441
passes the c-ring 221, providing space in the cavity 29 to
accommodate the relaxed c-ring, the c-ring 221 becomes
relaxed again and contracts, re-protruding into the cavity 29.
It is envisioned that, after the connector 40 is inserted into
the cavity 29 such that the most distal (or second or third
most distal) shaft-ring 441 passes the c-ring 221, as in FIG.
16, the connector 40 is manually rotationally adjusted in
relation to the male component 30 to the final desired
position (e.g., the desired angle of flexion of a joint being
fused, or a properly aligned position of the two parts of a
broken bone or vertebral fusion). The crimping pin 33 is then
crimped, to prevent further rotational movement. The con-
nector 40 may then inserted the rest of the was into the cavity
29, as in FIG. 17, aligning the two bone pieces. It is noted
that, in FIG. 17, all six shaft rings 441 have passed the c-ring
221. In the alternate design illustrated in FIG. 18, there are
three shaft rings 441.

In the illustrated embodiments, the top of the shaft 46 of
the connector 40 comprises a hexagonal formation 49 and
the first top 22 comprises a hexagonal recess 26, where the
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hexagonal formation 49 fits into the hexagonal recess 26
when the connector 40 is inserted into the cylindrical cavity
29. In other embodiments, the formation and recess can be
circular, pentagonal, square or any other shape.

In some embodiments, the first top 22 is concave and the
second top 32 is convex, as shown, e.g., in FIG. 5, such that,
when screwed into the bones, the first top 22 and the second
top 32 match common osteotomy cuts where one bone is cut
in a concave shape and the other bone is cut in a convex
shape.

In some embodiments, at least one of the hexagonal recess
26 and the hexagonal formation 49 is smoothed where the
connector 40 first encounters the hexagonal recess 26 such
that the hexagonal formation 49 will fit into the hexagonal
recess 46 even if the marks are not fully aligned at the
desired position.

An alternative configuration of the bone fixation device is
illustrated in FIGS. 21-23. As in the embodiments described
above and illustrated in FIG. 21, the connector 40 of this
configuration comprises a proximal end 41 having a con-
nector hole 47, a top of shaft 46 near the proximal end 41,
and a distal end 42. In this alternative configuration, the shaft
70 of the connector 40 is cylindrical, with a plurality (here,
three) of axially deposed indentations 250a-c, 252a-c on at
least one side of the shaft 70. In various embodiments, the
connector 40 may be elongate but not cylindrical, e.g.,
key-shaped, having a plurality of axially deposed ridges,
such as, for example, semicircular, or arced ridges. For the
embodiments illustrated in FIGS. 21-23, the cylindrical shaft
70 of the connector 40 comprises a second set of three
axially deposed indentations 250a-c, 252a-¢ on opposing
sides of the shaft.

As shown in FIG. 22, the female component 20 of this
embodiment is an elongated stem, comprising a first end 21,
a first top 22, an open proximal end 28 and a cylindrical
cavity 29. The cylindrical cavity 29 comprises a cylindrical
wall 23, a closed distal end 27 and an open proximal end 28.
The illustrated female component 20 also comprises a
spiraling thread 24 on the exterior of the component, suitable
for screwing the component into a bone.

The female component 20 also comprises an indentation
72 at least partially circumscribing the first top 22, with at
least one (here, two) hole 74, 76 passing through the first top
22 into the cylindrical cavity 29.

The female component 20 additionally comprises a
knobbed c-ring 80, comprising at least one (here, two) knob
protruding inward 82, 84. The knobbed c-ring 80 is config-
ured to fit into the indentation 72 in the first top 22 of the
female component 20, such that the knobs fit into the holes
74, 76 and protrude into the cylindrical cavity 29.

In use (FIG. 23), the connector 40 is joined to the male
component 30 at the connector hole 47 by inserting the
narrow end 362 of the locking pin 360 (as illustrated in FIG.
23) or the crimping shaft 36 and crimping pins 33 (as
illustrated in FIG. 12) through the hole on one side of the
second top 32 and into the connector hole 47. The shaft 70
of'the connector 40 is inserted into the open proximal end 28
and into the cylindrical cavity 29 of the female component
20, where the distal end 42 of the shaft 70 encounters the
knobs 82, 84 of the knobbed c-ring 80, which are protruding
into the cylindrical cavity 29. As the shaft 70 of the
connector 40 is pushed further into the cylindrical cavity 29,
the distal end 42 of the shaft 70 pushes on the knobs 82, 84,
expanding the knobbed c-ring 80 such that the knobs 82, 84
are pushed out of the cylindrical cavity 29 to accommodate
the shaft 70, until the knobs 82, 84 encounter the first
indentations 250c¢,f, allowing the knobs to move back into
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the cylindrical cavity 29 in the space created by the inden-
tations, such that the knobbed c-ring 80 compresses back to
its original shape. To prevent the connector 40 from being
pulled out of the cylindrical cavity 29, the indentations 250
can comprise an edge 480 on the side closer to the distal end
42 of the connector 40, where the edge is designed to prevent
movement of the connector 40 in the proximal direction
after encountering the indentation 250. In the illustrated
embodiment, the edge 480 is substantially perpendicular to
the wall 23 of the cylindrical cavity 29. In other embodi-
ments, the edge 480 forms an acute angle with the perimeter
of the shaft 70. When the shaft 70 of the connector 40
continues to be pushed further into the cylindrical cavity 29,
the knobbed c-ring 80 again expands as the area between the
first indentations 250¢,f and the second indentations 2505,¢
pushes the knobs 82, 84 out of the cylindrical cavity 29, until
the knobs 82, 84 encounter the second indentations 2505,e.
This continues until the knobs 82, 84 are at the indentations
most proximal to the male component 30, when the device
is seated in its final position. At some point before the device
is in its final position, the desired angle of flexion between
the connector 40 and the male component 30 is made and set
by, e.g., fully engaging the locking pin 360 using the pin
locking tool 60, or crimping the crimping pins 33 into the
crimping shaft 36 (FIG. 12), as appropriate.

The various steps described above can be performed in
any order, i.e., before or after the insertion into either or both
bone pieces. It should also be understood that the described
embodiments are exemplary, and any appropriate modifica-
tions can be made to the devices described above. For
example, the knobbed c-ring can instead be an o-ring, and/or
can comprise one, or any number of knobs in conjunction
with a matching number of aligning sets of axially deposed
indentations. Additionally, the knob or knobs can be deposed
anywhere along the c-ring, e.g., in the middle of the c-ring,
on one or both ends, or between the middle and one or both
end. Further, the knobbed c-ring or o-ring can be utilized in
conjunction with the connectors described in any of FIGS.
16-18, or any similar connector, instead of the c-ring 211 and
anti-rotation pin 201 described previously.

In embodiments where the indentations or ridges do not
substantially circumscribe the connector, the presence of the
knob in the cavity or the gap between ridges has the
advantage of limiting the rotation of the connector in the
cavity or the gap between ridges, since the presence of the
knob in the cavity or the gap between ridges limits any
rotation to the width of the indention or the gap between
ridges, unless additional force is applied in rotating the
connector to force the knob(s) out of the indentation or the
gap between ridges, as described in the following paragraph.

The embodiment illustrated in FIGS. 21-23 has the advan-
tage of being removable. For example, the connector 40 can
be separated from the female component 20 by rotating the
connector 40 in relation to the female component 20 (which
can be achieved after implantation by rotating one bone
piece in relation to the other). This causes the knobs 82, 84
to slide out of the indentation or the gap between ridges (e.g.,
250q and 2504 if fully implanted) and onto the portion of the
shaft 70 between the opposing indentations or the gap
between ridges (e.g., 250a and 2504). The connector 40 can
then slide out of the female component 20 along that portion
of the shaft 70.

As can be seen from the immediately preceding discus-
sion, the presence of the knob in the indentation or the gap
between ridges substantially limits the rotation of the con-
nector in the cavity. However, rotating the connector in
relation to the cavity is a means for disconnecting the male
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and female components of the device. As such, the shape and
composition of the indentation or the gap between ridges,
the c-ring or o-ring, and the knob(s) can be designed to have
a balance between the ease with which the male and female
components can be disconnected and the force required to
overcome the ability of the knob in the cavity to prevent
rotation of the connector in relation to the cavity. For
example, coating the indentation or the gap between ridges
with, e.g., silicone or Teflon to reduce the friction between
the knob and the side of the indentation or the gap between
ridges, or smoothing or angling the edge of the indentation
or the gap between ridges where the knob encounters the
wall of the indentation or the gap between ridges when the
connector is rotated, makes separation of the male and
female components easier and also makes it easier for the
connector to be rotated to overcome the resistance to rota-
tion caused by the presence of the knob in the indentation or
the gap between ridges. Conversely, having a relatively long
knob protruding into the indentation or the gap between
ridges makes separation of the male and female components
more difficult and also makes rotating the connector to
overcome the resistance to rotation more difficult. The
number and location(s) of the knob(s) also affect the ease
with which rotating the connector to overcome the resistance
to rotation can be achieved. For example, using a c-ring with
only one knob (corresponding to only one set of axially
deposed indentations or gaps between ridges) makes such
rotation easier than using a c-ring with two knobs (corre-
sponding to two sets of indentations or gaps between ridges).
Also, deposing the knobs on the end of the c-ring makes
overcoming the resistance to rotation easier than deposing
the knobs toward the middle of the c-ring, since the c-ring
requires greater bending distance and force when the knobs
are deposed toward the middle in order for them to be
pushed out of the cylindrical cavity. Additionally, the use of
a c-ring made of a more flexible material makes overcoming
the resistance to rotation easier then using a c-ring made of
a less flexible material.

The devices described herein can be of any diameter
appropriate for the particular bones being joined, as defined
by the widest diameter of the spiraling thread 24, 34 of the
female component 20 or the male component 30. In some
embodiments, the diameter of either component is more than
5 mm. In other embodiments, the diameter of either com-
ponent is about 5 mm, about 4 mm, about 3 mm, about 2
mm, about 1 mm, less than 1 mm, or any diameter in
between, for example about 2.2 mm.

The bone fixation device can be fabricated from any
appropriate material. In some embodiments, the device is
not bioabsorbable, since it is anticipated that the device
provides stability to the fusion site. Additionally, should the
two bones joined by the device fail to fuse, the device would
provide essential structural support to keep the two bones
together. Nonlimiting examples of materials that could be
used to fabricate the device include (a) titanium, (b) an alloy
of titanium with about 6% aluminum and about 4% vana-
dium, (c) nitinol, (d) stainless steel, and (e) a polymer such
as poly ethyl ethyl ketone (PEEK).

This application is also directed to a method of joining a
first bone piece with a second bone piece in a living
vertebrate. The method comprises inserting the above-de-
scribed bone fixation device between the first bone piece and
the second bone piece such that the two bone pieces are
securely joined.

The method can be used on any vertebrate species. In
some embodiments, the vertebrate is a mammal, for example
a human.
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In some embodiments, the method comprises preparing
the two bone pieces to provide a cut surface on each piece
that will be joined to each other; inserting the first elongated
stem portion longitudinally into the cut surface of the first
bone piece such that the first end is inserted first and the first
top is at or slightly below the cut surface of the first bone
piece; inserting the second elongated stem portion longitu-
dinally into the cut surface of the second bone piece such
that the proximal end of the connector is just above the cut
surface of the second bone piece; and inserting the connector
into the opening in the first elongated stem portion.

In various embodiments, the connector is coupled to the
second top at the proximal end by a coupling allowing the
adjustable positioning of the connector in an angular direc-
tion in relation to the second top. In these embodiments, the
method further comprises adjusting the position of the
connector in relation to the second top to form a preferred
angle of flexion between the two bone pieces; and further
inserting the connector into the first elongated stem portion.

In some embodiments, the position of the connector in
relation to the second top can no longer be adjusted after the
connector is further inserted into the first elongated stem
portion. As previously described, this can be accomplished
by providing a crimping pin mechanism, as provided in the
illustrated embodiments.

These methods can be used to join or fuse any two bone
pieces, for example two vertebrae or two halves of a broken
bone. In some embodiments, the bone pieces are (a) two
adjoining phalanges; (b) a phalanx and an adjoining meta-
carpal; (¢) a phalanx and an adjoining metatarsal; or (d) bone
pieces separated by a fracture or osteotomy of a bone
diaphysis. Where the subject is a human, these bones can be
in the hand or the foot.

In various embodiments, the bone pieces are in the foot of
the mammal. The foot can have any condition for which the
treatment involves a bone joining two bone pieces.
Examples of such conditions include hammertoe, mallet toe,
curly toe, or claw toe. In some embodiments, the interpha-
langeal, metatarsophalangeal or metacarpophalangeal joint
is fused.

In other embodiments, the bone pieces are separated by an
osteotomy that shortens the bone, for example a lesser
metatarsal. An example of such a procedure that can utilize
the instant method is a Weil osteotomy, which shortens a
metatarsal to provide an improved metatarsal parabola. In
those embodiments, the two bone pieces are from a single
metatarsal bone that is subjected to an osteotomy of the
diaphysis.

In methods utilizing the illustrated embodiment, the first
bone is cut in a convex shape and the second bone is cut in
a concave shape. These embodiments are particularly
accommodated when the first top 22 of the device is concave
and the second top 32 is convex, as shown, e.g., in FIG. 5.

Using the illustrated embodiment, these methods can
further comprise procedures wherein the first bone piece and
the second bone piece are cut; the bone fixation device 10 is
inserted between the first bone piece 50 and the second bone
piece 50; the connector 40 is inserted into the cylindrical
cavity 29 to the first recess 25a before locking the connector
40, where the connector is locked by crimping the crimping
pins 33. FIG. 7 shows the device of the illustrated embodi-
ment after this step. In these methods, the connector 40 is
further inserted into the cylindrical cavity 29 at least to the
second recess 255, until the cut surface on the first bone
piece and the second bone piece are joined together. FIG. 10
shows the device of the illustrated embodiment after this
step.
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In these methods, the device can further comprise marks
on the first top 22 and near the proximal end 41 of the
connector 40, the marks aligning at the desired position of
the male component 30 and female component 20 when the
connector 40 is inserted into the first elongated stem portion
(i.e., the female component) 20. In these embodiments, the
first elongated stem portion 20 is inserted into the cut surface
of the first bone piece 50 by screwing the first elongated
stem portion 20 longitudinally into the cut surface of the first
bone piece 50, and the second elongated stem portion 37 is
inserted into the cut surface of the second bone piece 50 by
screwing the second elongated stem portion 37 longitudi-
nally into the cut surface of the second bone piece, where the
mark on the first top 22 and the mark near the proximal end
41 of the connector 40 are adjacent to each other after
insertion of the second elongated stem portion 37.

In additional embodiments of these methods, the proximal
end 41 of the connector 40 comprises a hexagonal formation
49 and the first top 22 comprises a hexagonal recess 26,
wherein the hexagonal formation 49 fits into the hexagonal
recess 26 when the connector 41 is inserted into the first
stem portion 20, where at least one of the hexagonal
formation 49 and hexagonal recess 26 is smoothed where the
hexagonal formation 49 first encounters the hexagonal
recess 26 such that the hexagonal formation 49 will fit into
the hexagonal recess 26 even if the marks are not fully
aligned at the desired position; and the cut surface of the first
bone comprises a notch to accommodate the hexagonal
formation 49.

The various embodiments described above can be
implanted using any appropriate tools known in the art.
Alternative tools, particularly suited for the above embodi-
ments, and methods of implanting the above bone fixation
devices in a digit, exemplified on a lesser toe proximal and
middle phalanges, are described below and illustrated in
FIGS. 24-33.

In some embodiments, to fuse the proximal and middle
phalanges, the interphalangeal joint is exposed and the distal
end of the proximal phalanx and the proximal end of the
middle phalanx are cut off perpendicular to the long axis of
each bone. This creates about a 3 mm gap between the
bones. A pilot hole is then drilled, e.g., about 18 mm deep,
in the proximal phalanx through the intramedullary canal.

The pilot hole can be drilled using any appropriate pilot
drill known in the art. In some embodiments, the pilot hole
is drilled with a tool designed especially for the device
described above, for example the pilot drill 90 shown in FIG.
24. Such a drill comprises an elongate shank 91 having a
proximal end 92 and a distal end 93. The proximal end can
comprise a handle or can be configured to join to a separate
handle, for example the quick connect handle 160 illustrated
in FIG. 34. The distal end 93 terminates in a drill tip 94
comprising at least one spirally deposed flute 95 having a
sharp outer edge and terminating in a point 96. In some
embodiments, as in FIG. 24, there are two spirally deposed
flutes 95. The cutting surface defined by the sharp outer edge
has the same diameter as the shank 91. The diameter should
be less than the diameter of the spiraling thread 24 of the
female component 20, to be implanted therein. In some
embodiments, the spiraling thread of the female component
20 is 2.2 mm and the diameter of the shank 91 and spirally
deposed flute 94 is 2.0 mm. Some embodiments of the pilot
drill 90 further comprise a mark or marks (e.g., laser
markings) indicating a distance from the point 96 to provide
a guide for determining the depth of the hole to be drilled.
For example, the pilot drill 90 illustrated in FIG. 24 has
marks 97, 98 at 9 mm and 18 mm.
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A 2.0 mm pilot hole can be drilled about 18 mm deep in
the proximal phalanx through the intramedullary canal. This
can be followed with a reamer to shape the hole to accom-
modate the female component 20. In some embodiments, the
reamer prepares a hole with a widened bore near the top to
accommodate the top 22 of the female component, e.g., as
illustrated in FIG. 25C. A suitable reamer is illustrated in
FIG. 25A. The proximal reamer 100 comprises an eclongate
first shank 101 having a first proximal end 102 and a first
distal end 103. The first proximal end can comprise a handle
or can be configured to join to a separate handle, for example
the quick connect handle 160 illustrated in FIG. 34. The first
distal end 103 terminates in a first shaping drill end 104
terminating in a first point 106. Just proximal to the first
point 106 is a plurality of first ridges 105 having sharp edges
designed to cut the hole illustrated in FIG. 25C. Proximal to
the first ridges is a first short shaft 104, and proximal to the
first short shaft 104 is a first shoulder 107, wider than the
first short shaft 104 and having the approximate diameter of
the first shank 101. Proximal to the first shoulder 107, is a
first skirt 108, wider than the first shoulder and having a
convex first distal surface 109. The proximal reamer 100
also comprises a first cutout 110, extending from the plu-
rality of first ridges 105, through the first short shaft 104, the
first shoulder 107, and the first skirt 108. The first cutout 110
has sharp lateral edges 111 designed to cut through the bone
as the proximal reamer 100 is rotated and driven therein.

The hole cut by the proximal reamer 100, depicted in FIG.
25C, preferably has a diameter smaller than the diameter of
the spiraling thread 24 of the female component 20, such
that when the female component 20 is screwed into the hole,
the spiraling thread 24 will drive through the intramedullary
canal of the phalanx. FIG. 25B shows an example of the
alignment of the female component 20 with a suitable
proximal reamer 100, where the first ridges 105 and the first
short shaft 104 have a diameter of 2.0 mm, while the
spiraling thread 24 of the female component 20 has a
diameter of 2.2 mm. The proximal reamer 100 also reams a
concave surface 112 in the face of the bone, to allow the
female component 20 to fit with the male component 30 as
depicted in FIG. 29. The wide bore 113 cut by the first
shoulder 107 allows the first top 22 to be “buried” in the
bone, as shown in FIGS. 30 and 31. The diameter of the
concave surface 112 in this example is about 15 mm.

Once the hole in the distal end of the proximal phalanx is
prepared, e.g., by the proximal reamer 100, the female
component 20 can be inserted. That insertion can be pre-
pared using any suitable tool. A suitable tool for that purpose
is the proximal driver 120, partially illustrated in FIG. 26.
The proximal driver 120 comprises an elongate first shank
121 having a first proximal end (not shown) and a first distal
end 122. The first proximal end can comprise a handle or can
be configured to join to a separate handle, for example the
quick connect handle 160 illustrated in FIG. 34. The first
shank 121 comprises a first slidable bobbin 123. The distal
end 122 of the proximal driver 120 comprises two first half
sections (not shown) operably linked to the first bobbin 123
such that sliding the first bobbin 123 forward forces these
two first half sections together to hold the first top 22 of the
female component 20 securely. In some embodiments, the
first distal end 122 of the proximal driver 120 comprises a
first marking 124 (e.g., a laser marking) that aligns with a
first marking 125 on the first top 22 of the female component
20 to easily align the proximal driver 120 with the female
component 20.

The first top 22 of the female component 20 is placed in
the proximal driver 120 and the first bobbin 123 is slid
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forwards to securely hold the first top 22. The first top 22 is
placed in the driver such that the first marking 124 on the
proximal driver 120 lines up with the first marking 125 on
the first top 22. The female component is then screwed into
the proximal phalanx until the distal end 122 of the proximal
driver 120 is even with the hole and the first marking is
facing upwards. This places the concave surface 112 in the
proper position to mate with a convex shape (described
below) in the proximal end of the middle phalanx, thus
allowing downward flexion of the middle phalanx through
movement of the connector 40 in relation to the second top
32 of the male component 30.

In some embodiments, the preparation of the proximal
end of the middle phalanx and the insertion of the male
component 30 therein proceeds similar to the insertion of the
female component 20 into the distal end of the proximal
phalanx described above.

After the proximal end of the middle phalanx is resected,
a pilot hole is drilled about 9 mm deep into the intramed-
ullary canal of the bone, using any suitable tool, for example
the pilot drill 90 shown in FIG. 24. The hole for the male
component 30 can then be prepared using any suitable tool,
for example the distal reamer 130 illustrated in FIG. 27A.
That distal reamer 130 comprises an elongate second shank
131 having a second proximal end 132 and a second distal
end 133. The second proximal end can comprise a handle or
can be configured to join to a separate handle, for example
the quick connect handle 160 illustrated in FIG. 34. The
second distal end 133 comprises a second shaping drill end
134 terminating in a second point 136. Just proximal to the
second point 136 is a plurality of second ridges 135 having
sharp edges designed to cut the hole illustrated in FI1G. 27C.
Proximal to the ridges is a second short shaft 134, and
proximal to the second short shaft 134 is a second shoulder
137, wider than the second short shaft 134 but having a
smaller diameter than the second shank 131. Proximal to the
second shoulder 137, is a second skirt 138, wider than the
second shoulder and having a concave second distal surface
139. The distal reamer 130 also comprises a second cutout
140, extending from the plurality of second ridges 135,
through the second short shaft 134, the second shoulder 137,
and the second skirt 138. The second cutout 140 has sharp
lateral edges 141 designed to cut through the bone as the
distal reamer 130 is rotated and driven therein.

In the illustrated embodiment, the second short shaft 134,
the second shoulder 137, and the second skirt 138 are shorter
than the counterparts on the proximal reamer 100 because
the male component 30, which is driven into the hole 143
(FIG. 27) made by the distal reamer 130, is shorter than the
female component 40, which is driven into the hole made by
the proximal reamer 100.

The hole 143 cut by the distal reamer 130 (FIG. 27C),
preferably has a diameter smaller than the diameter of the
spiraling thread 34 of the male component 30, such that
when the male component 30 is screwed into the hole, the
spiraling thread 34 will drive through the intramedullary
canal of the phalanx. FIG. 27B shows an example of the
alignment of the male component 30 with a suitable distal
reamer 130, where the second ridges 135 and the second
short shaft 134 have a diameter of 2.0 mm, while the
spiraling thread 34 of the male component 30 has a diameter
of 2.2 mm. The distal reamer 130 also reams a convex
surface 144 (FIG. 28) in the face of the bone. In these
embodiments, the convex surface radius is 6 mm and thus
significantly smaller radius than the 15 mm concave radius
of the proximal bone. This allows for articulation of the toe
even with a slight misalignment.
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Once the hole in the proximal end of the middle phalanx
is prepared, e.g., by the distal reamer 130, the male com-
ponent 30 can be inserted. That insertion can be prepared
using any suitable tool. A suitable tool for that purpose is the
distal driver 150, partially illustrated in FIG. 28A. The
proximal driver 150 comprises an elongate second shank
151 having a second proximal end (not shown) and a second
distal end 152. The second proximal end can comprise a
handle or can be configured to join to a separate handle, for
example the quick connect handle 160 illustrated in FIG. 34.
The second shank 151 comprises a second slidable bobbin
153. The second distal end 152 of the distal driver 150
comprises two second half sections (not shown) operably
linked to the second bobbin 153 such that sliding the second
bobbin 153 forward forces these two second half sections
together to hold the second top 32 of the male component 30
securely. In some embodiments, the second distal end 152 of
the distal driver 150 comprises a second marking 154 (e.g.,
a laser marking) that aligns with a marking on the first top
32 of the male component 30 to easily align the distal driver
120 with the male component 30.

The first top 32 of the female component 30 is placed in
the distal driver 150, preferably with the connector 40
already attached, and the second bobbin 153 is slid forward
to securely hold the first top 32. The first top 32 is placed in
the distal driver 150 such that the second marking 154 on the
distal driver 150 lines up with the marking on the first top 32.
The male component 30 is then screwed into the middle
phalanx until the locking pin 360 or crimping pin 33
(whichever is used) is even with the hole and the second
marking is facing upwards.

The connector 40 can be adjusted to the desired angle in
relation to the second top 32 at this point and the locking pin
360 or crimping pin 33 can be engaged. Alternatively, the
connector 40 can be partially pushed into the female com-
ponent 20 before the locking pin 360 or crimping pin 33 is
engaged. If the surgeon decides not to engage the locking pin
360 or crimping pin 33, thus allowing for joint movement,
the connector 40 can be fully inserted into the female
component 20.

FIG. 29 shows the alignment of the two bones after
insertion of the device. FIG. 30 shows the device in cross
section when partially engaged; FIG. 31 shows the fully
engaged device in cross section.

The ability of the connector 40 to rotate in relation to the
second top 32 provides an advantage in inserting the devices
described herein over similar prior art devices not having
that ability, as shown in FIG. 32. With similar prior art
devices, the two bones to be joined (e.g., the proximal and
middle phalanges) must be pulled apart far enough for the
central portion 42a (analogous to the connector 40 of the
instant device) to be inserted into the female portion 20a
(FIG. 32A). The tissue connecting the two bones, e.g., blood
vessel 155, must be stretched when the bones are pulled
apart, potentially causing damage to the tissues. With the
devices described herein, however, before the connector 40
is inserted into the female portion 20 from the first top 22,
the connector 40 can be rotated in relation to the second top
32, as shown in FIG. 32B. The two bones thus need not be
pulled apart as far as with the prior art devices. Distance d
in FIG. 32B shows the reduction in this potentially damag-
ing stretching that is saved over the prior art device when the
present devices are used, minimizing tissue damage and
making the insertion of the connector 40 into the female
component 20 easier.

As discussed above, the proximal reamer 100, the proxi-
mal driver 120, the distal reamer 130 and the distal driver
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150 can each have their own handle or can utilize a common
handle, for example the quick connect handle 160 illustrated
in FIG. 34. Connecting means for such handles are known
in the art. FIG. 33 shows the quick connect handle in use
with the proximal driver 120. In some embodiments, the
elongate shank of any of these tools can comprise gripping
elements, e.g., a rubber grip, to allow the surgeon to use the
tool without a handle while maintaining a firm grip on the
tool.

In some embodiments, any of the proximal or distal
reamer or proximal or distal driver can comprise, on its
proximal end the cutting portion of a proximal or distal
reamer or proximal or distal driver. For example, the proxi-
mal reamer (comprising a shaping drill end with a convex
first distal surface 109 at its distal end) can comprise the
shaping drill end of the distal reamer (comprising a shaping
drill end with a concave second distal surface 139) at is
proximal end. Alternatively, the proximal reamer can com-
prise at its proximal end the slidable bobbin 123 and the two
first half sections operably linked to the bobbin of the
proximal driver. Any combination tool independently hav-
ing, at its proximal and distal ends, any of the shaping drill
end of the proximal or distal reamer or the bobbin and two
half sections of the proximal or distal driver is envisioned
herewith. Thus, multiple tools may be combined into a
single tool, e.g., with one end for reaming and the other end
for driving. The portion of the handle between the two tools
may have grooves, cross hatching, or a gripping material to
provide gripping capabilities for the person using the tools.

The each, any or all of the various tools described herein,
including the pin locking tool 60, can also be provided
sterilized in a package, such as a molded sterilization tray.
Additionally, the bone fixation device 10, in any embodi-
ment described above, can be packaged in a sterile package
as appropriate, for example in a chevron pouch 170, as
shown in FIG. 34.

Additionally, the various bone joining devices described
above may include templates for use when drilling, reaming,
driving, inserting the device or cutting the bones. The
templates are useful to ensure that the installation of the
device is accomplished with precision and accuracy. For
example, a template may be used to align the proximal
reamer or distal reamer to the bone, such that the hole
prepared by the reamer is parallel with the long axis of the
bone. Such a template could comprise a component that
attaches (e.g., by screws) to the end of the bone and extends
outward from the bone and provide a hole to provide a
straight guide for the cutting tip of the reamer. The design
and preparation of such templates are known in the art.
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In view of the above, it will be seen that the several
advantages of the application are achieved and other advan-
tages attained.

As various changes could be made in the above methods
and compositions without departing from the scope of the
application, it is intended that all matter contained in the
above description and shown in the accompanying drawings
shall be interpreted as illustrative and not in a limiting sense.

All references cited in this specification are hereby incor-
porated by reference. The discussion of the references herein
is intended merely to summarize the assertions made by the
authors and no admission is made that any reference con-
stitutes prior art. Applicants reserve the right to challenge the
accuracy and pertinence of the cited references.

What is claimed is:

1. A bone joining device configured for joining a first bone
piece to a second bone piece, the device comprising:

a first component comprising a wall portion, a first cavity

defined in part by an interior surface of the wall portion,
a first indentation extending into an exterior surface of
the wall portion, at least one aperture extending
through the wall portion from within the first indenta-
tion and to the first cavity, and a first stem portion for
insertion into the first bone piece;

a second component comprising a second stem portion for

insertion into the second bone piece and an axially
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extending connector portion extending from the second
stem portion and configured to be positioned within the
first cavity, the connector portion including a plurality
of second indentations extending into an outer surface
thereof that are arranged along an axis of the connector
portion; and

a coupling member including at least one projection, the
coupling member being positioned within the first
indentation of the first component and extending
through the at least one aperture such that the at least
one projection is at least partially positioned within the
first cavity,

wherein, in a first orientation of the first and second
components, the at least one projection is positioned at
least partially within at least one second indentation of
the connector portion to removably couple the first and
second components.

2. The device of claim 1, wherein, in the first orientation,
the connector portion is prevented from axially translating
out of the first cavity.

3. The device of claim 1, wherein, in the first orientation,
rotation of the connector portion about its axis is limited by
the at least one projection being positioned at least partially
within the at least one second indentation.

4. The device of claim 1, wherein, in a second orientation
of the first and second components, the at least one projec-
tion is partially retracted from the first cavity and abuts the
outer surface of the connector portion.

5. The device of claim 4, wherein the coupling member is
in a contracted state in the first orientation as compared to
the second orientation.

6. The device of claim 4, wherein, in the second orien-
tation, the connector portion is free to at least one of rotate
about its axis and axially translate out of the first cavity.

7. The device of claim 4, wherein the first and second
orientations are at least one of differing axial and differing
rotational orientations of the first and second components.

8. The device of claim 1, wherein the at least one second
indentation includes a distal edge that extends substantially
perpendicular from the outer surface of the connector por-
tion or is sloped at an acute angle from the outer surface of
the connector portion to substantially prevent the connector
portion from translating axially out of the first cavity in a
proximal direction when in the first orientation.

9. The device of claim 8, wherein the at least one second
indentation includes a proximal edge that is sloped from the
outer surface of the connector portion to force the at least
one projection positioned within the at least one second
indentation out of the at least one second indentation and
onto the outer surface of the connector portion as the
connector portion is axially translated from the first orien-
tation further into the first cavity to the second orientation.

10. The device of claim 1, wherein each of the first stem
portion and the second stem portion are externally threaded.

11. A bone coupling device for coupling a first bone piece
to a second bone piece, the device comprising:

a first component comprising a wall portion, a first cavity

defined in part by an interior surface of the wall portion,
a first indentation extending into an exterior surface of
the wall portion, at least one aperture extending
through the wall portion from within the first indenta-
tion and to the first cavity, and a first stem portion for
coupling with the first bone piece;

a second component comprising a second stem portion for
coupling with the second bone piece and an axially
extending connector portion extending from the second
stem portion configured to be positioned within the first
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cavity, the connector portion including a plurality of
second indentations extending into an outer surface
thereof that are arranged along an axis of the connector
portion; and

a coupling member including at least one projection, the

coupling member being positioned within the first
indentation of the first component and extending
through the at least one aperture such that the at least
one projection is at least partially positioned within the
first cavity,

wherein, in a first orientation of the first and second

components, the at least one projection is partially
retracted from the first cavity and abuts the outer
surface of the connector portion, and

wherein, in a second orientation of the first and second

components, the coupling member portion is in a
contracted state as compared to the first orientation
such that the least one projection is positioned within at
least one second indentation of the connector portion to
removably couple the first and second components.

12. The device of claim 11, wherein the connector portion
includes two sets of a plurality of axially disposed second
indentations along differing sides of the connector portion,
wherein the coupling member includes two projections, and
wherein the first indentation of the first component includes
two apertures extending to the first cavity such that the two
projections are at least partially positioned within the first
cavity.

13. The device of claim 11, wherein the first and second
orientations are at least one of differing axial and differing
rotational orientations of the first and second components.

14. The device of claim 11, wherein the at least one
second indentation includes a distal edge that extends sub-
stantially perpendicular from the outer surface of the con-
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nector portion or is sloped at an acute angle from the outer
surface of the connector portion to substantially prevent the
connector portion from translating axially in a proximal
direction when in the second orientation.

15. The device of claim 11, wherein the at least one
second indentation includes a proximal edge that is sloped
from the outer surface of the connector portion to force the
at least one projection positioned within the at least one
second indentation out of the at least one second indentation
and onto the outer surface of the connector portion as the
connector portion is axially translated from the first orien-
tation further into the first cavity to the second orientation.

16. The device of claim 11, wherein, in the second
orientation, the least one projection prevents the connector
portion from translating axially out from the first cavity
along a first axial direction.

17. The device of claim 16, wherein, in the first and
second orientations, the connector portion of the second
component is translatable in a second axial direction that
opposes the first axial direction to allow the connector
portion to axially advance into the first cavity.

18. The device of claim 11, wherein the first cavity and the
outer surface of the connector portion are substantially
cylindrical.

19. The device of claim 11, wherein coupling member is
a knobbed c-ring that extends about a portion of the outer
surface of the connector portion and within the first inden-
tation, and wherein the knobbed c-ring is oriented substan-
tially perpendicular to the axis of the connector portion.

20. The device of claim 11, wherein the entirety of the
coupling member is positioned below or even with the
exterior surface of the wall portion.
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