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Description
CROSS REFERENCES

[0001] The present application is co-pending with and
claims the priority benefit of the provisional application
entitled, "Ball and Socket Implants for Correction of Ham-
mer Toes and Claw Toes" Application Serial No.
61/747,429, filed on December 31, 2012, the entirety of
which is incorporated herein by reference.

FIELD

[0002] The disclosed devices and methods generally
relates to hammer toe and claw toe correction implants
and devices.

BACKGROUND

[0003] A hammer toe or contracted toe is a deformity
of the proximal inter-phalangeal joint of the second, third,
or fourth toe causing it to be permanently bent and giving
it a semblance of a hammer. Initially, the hammer toes
are flexible and may be corrected with simple measures
but, if left untreated, they get fixed and require surgical
intervention for correcting them. People with hammer toe
can have corns or calluses an the top of the middle joint
of the toe or on the tip of the toe. They can also feel pain
in their toes or feet and have difficulty in finding comfort-
able shoes. A claw toe is a typically a deformity of the
metatarsal phalangeal joint of the second, third, fourth,
or fifth toe causing unopposed flexion of the proximal
inter-phalangeal joint and distal inter-phalangeal joint in
the respective toe and giving it a semblance of a claw.
[0004] Various treatment strategies are available for
correcting hammer toes and claw toes. First line treat-
ment of hammer toes starts with new shoes that have
soft and spacious toe boxes. Some toe exercises may
also be prescribed , to stretch and strengthen the mus-
cles. For example, gently stretching the toes manually,
using the toes to pick up things off the floor etc. Another
line of treatment includes using straps, cushions or non-
medicated corn pads to relieve symptoms. Further, a
hammer toe or claw toe can be corrected by a surgery if
the other treatment options fail. Surgery can involve in-
serting screws, wires etc. or other similarimplants in toes
to straighten them.

[0005] Traditional surgical methods include use of k-
wires. But of late, due to various disadvantages of using
K-wires, compression screws are being used as an im-
plant. K-wires require pings protruding through end of
toes because they are temporarily inserted. Because of
this, k-wires lead to pin tract infections, loss of fixation
etc. Other disadvantages of k-wires include migration of
k-wires and breakage, and may therefore require multiple
surgeries.

[0006] Accordingly, there remains a need for develop-
ing improved toe bone implants and methods of correct-
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ing toe bone deformities.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Various aspects of the present disclosure will
be or become apparent to one with skill in the art by ref-
erence to the following detailed description when consid-
ered in connection with the accompanying exemplary
non-limiting embodiments.

Figures 1A-1F illustrate various plan and perspective
views of an implant according to embodiments of the
present disclosure.

Figures 2A-2F illustrate various plan and perspective
views of an implant according to embodiments of the
present disclosure.

Figures 3A-3F illustrate various plan and perspective
views of animplantaccording to some embaodiments.
Figures 4A-4E illustrate various plan and perspec-
tive views of an implant according to embodiments
of the present disclosure.

Figures 5A-5D illustrate various plan and perspec-
tive views of an implant according to some embod-
iments.

Figures B6A-6H illustrate various plan and perspec-
tive views of an implant according to some embod-
iments.

Figure 7 is a flow chart illustrating a method of cor-
recting a toe bone deformity according to embodi-
ments of the present disclosure.

DETAILED DESCRIPTION

[0008] With reference to the Figures, where like ele-
ments have been given like numerical designations to
facilitate an understanding of the drawings, the various
embodiments of cyclic deposition and etch methods are
described. The figures are not drawn to scale.

[0009] The following description is provided as an en-
abling teaching of a representative set of examples.
Many changes can be made to the embodiments de-
scribed herein while still obtaining beneficial results.
Some of the desired benefits discussed below can be
obtained by selecting some of the features or steps dis-
cussed herein without utilizing other features or steps.
Accordingly, many modifications and adaptations, as
well as subsets of the features and steps described here-
in are possible and can even be desirable in certain cir-
cumstances. Thus, the following description is provided
as illustrative and is not limiting.

[0010] This description of illustrative embodiments is
intended to be read in connection with the accompanying
drawings, which are to be considered part of the entire
written description. In the description of embodiments
disclosed herein, any reference to direction or orientation
is merely intended for convenience of description and is
not intended in any way to limit the scope of the present
disclosure. Relative terms such as "lower," "upper," "hor-
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izontal," "vertical,", "above," "below," "up," "down," "top"
and "bottom" as well as derivative thereof (e.g., "horizon-
tally," "downwardly," "upwardly," etc.) should be con-
strued to refer to the orientation as then described or as
shown in the drawing under discussion. Terms such as
"longitudinal" and "lateral” are to be interpreted relative
to one anacther or relative to an axis of elongation, or an
axis or center of rotation, as appropriate. These relative
terms are for convenience of description only and do not
require that the apparatus be constructed or operated in
a particular orientation. Terms such as "attached,” "af-
fixed," "connected" and "interconnected," refer to a rela-
tionship wherein structures are secured or attached to
ane anather either directly or indirectly through interven-
ing structures, as well as both movable or rigid attach-
ments or relationships, unless expressly described oth-
erwise. The term "operatively connected” is such an at-
tachment, coupling or connection that allows the perti-
nent structures to operate as intended by virtue of that
relationship. The term "adjacent" as used herein to de-
scribe the relationship between structures/components
includes both direct contact between the respective
structures/components referenced and the presence of
other intervening structures/components between re-
spective structures/components. When only a single ma-
chine isillustrated, the term "machine" shall also be taken
to include any collection of machines that individually or
jointly execute a set (or multiple sets) of instructions to
perform any one or more of the methodologies discussed
herein. In the claims, means-plus-function clauses, if
used, are intended to cover the structures described,
suggested, orrendered obvious by the written description
or drawings for performing the recited function, including
not only structural equivalents but also equivalent struc-
tures. The terms "implant" and "device" are used inter-
changeably in this disclosure and such use should not
limit the scope of the claims appended herewith.
[0011] As used herein, use of a singular article such
as"a,""an" and "the" is not intended to exclude pluralities
of the article’s object unless the context clearly and un-
ambiguously dictates otherwise.

[0012] Improved implants for hammer toe and/or claw
toe correction are provided. Embodiments of the present
subject matter provide a surgeon with a non-rigid con-
struct and fusion of a joint after correction and a period
of post-operative healing. Some embodiments can pro-
vide arigid construct for initial post-operative wound heal-
ing and soft tissue release/relaxation while permitting
predetermined motion back to the joint following a period
of initial post-operative healing. Some embodiments can
feature a proximal end of an implant including a ball por-
tion and a distal end of the implant including a socket
portion. A ball portion can include a portion of the implant
having a surface of a suitable shape, including, but not
limited to, a spherical, oval, cylindrical, or ellipsoidal
shape, and permitting a predetermined movement of the
ball portion when operatively connected to the socket
portion. The inventors have observed that an implant
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having a ball portion and a socket portion can provide
improved flexibility, stretching and movement at a re-
spective joint post-insertion.

[0013] Figure 1A illustrates a front plan view of a toe
bone implant according to some embodiments of the
present disclosure. Figure 1B illustrates a perspective
view of a toe bone implant according to some embodi-
ments of the present disclosure. With reference to Fig-
ures 1A and 1B, an implant 100 for correcting hammer-
toes caninclude a first portion 130 and a second portion
110. In the illustrated embodiment, the first portion 130
includes a socket portion 140 disposed at an edge of the
first portion 130. The socket portion 140 can be formed
of any suitable material. For example, the socket portion
140 can be formed of a polyethylene material. In some
embodiments, a socket portion 140 material is selected
to permit flexibility in the socket portion 140. In some
embodiments, the socket portion 140 can be formed of
a first material and the remainder of the first portion 130
can be formed of a second material. For example, the
sacket portion 140 can be formed of a polyethylene ma-
terial and the remainder of the first portion 130 can be
formed of a second material such as, for example, stain-
less steel, titanium, or other metals or rigid polymers.
[0014] As shown in Figures 1A and 1B, the second
portion 110 can include a ball portion 120. Ball portion
120 can be formed of any suitable material. For example,
ball portion 120 can be formed of a material such as stain-
less steel, titanium, or other metals or rigid polymers. In
some embodiments, the second portion 110, including
ball portion 120, can be formed of the same material. In
other embodiments, the ball portion 120 can be formed
of afirst material and the remainder of the second pertion
110 can be formed of a second material. In the illustrated
embodiment, socket portion 140 can be configured to
receive ball portion 120. In some embodiments, socket
portion 140 and ball portion 120 include respective artic-
ulating surfaces 145, 125 such that ball portion 120 is
configured to move a predetermined amount respective
to the socket portion 140 when operatively connected to
the socket portion 140. For example, socket portion 140
and ball portion 120 can include respective articulating
surfaces 145, 125 such that ball portion 120 is configured
to rotate a predetermined amount about an axis of rota-
tion respective to the socket portion 140 when operatively
connected to the socket portion 140. Ball portion 120 and
sacket portion 140 can be formed of any suitable shape.
Forexample, a ball portion 120 can include an articulating
surface 125 of a suitable shape, including, but not limited
to, a spherical, oval, cylindrical, or ellipsoidal shape, and
permitting a predetermined movement of the ball portion
120 when operatively connected to the socket portion
140. Socket portion 140 can include an articulating sur-
face 145 of a suitable shape such as, for example, a
spherical, oval, cylindrical, or ellipsoidal shape, such that
ball portion 120 is configured to move a predetermined
amount respective to the socket portion 140 when oper-
atively connected to the socket portion 140.
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[0015] Figures 1A and 1B illustrate a toe bone implant
100 prior to operatively connecting the ball portion 120
andthe socket portion 140. Intheillustrated embodiment,
toe bone implant 100 is shown prior to insertion into a
joint. Toe bone implant 100 can include an edge portion
135 offirst portion 130 and an edge portion 115 of second
portion 110. As shown, respective edge portions 135,
115 are on opposing edges of the socket portion 140 of
first portion 130 and ball portion 120 of second portion
110. In some embodiments (not shown), implant 100 can
include aresorbable portion operatively connected to the
first 130 and second 110 portions and configured to limit
the rotation of the ball portion 120 respective to the socket
portion 140 for a predetermined period of time. Any suit-
able resorbable device can be used. For example, are-
sorbable pin, bridge, or lock out device can be used to
limit the rotation of the ball portion 120 respective to the
socket portion 140 for a predetermined period of time.
Any suitable resorbable material can be used to form the
resarbable portion. For example, a bioresorbable mate-
rial including, but not limited to, polylactide (PLA), poly-
L-lactide (PLLA), polyglycolide (PGA), co-polymers of
PLA and PGA including PGLA, poly-DL-lactide (PDLLA),
co-polymers thereof, or other suitable bioabsorble poly-
mers, biopolymers or biodegradable polymers can be
used to form the resorbable portion. In some embodi-
ments, aresorbable snap on, lock outdevice can be used
to hold the implant 100 in a predetermined initial position
for a predetermined period of time. In some embodi-
ments, a resorbable bridge that could cross a joint where
the implant was inserted can be used to hold the implant
100 in a predetermined initial position for a predeter-
mined period of time. In some embodiments, the prede-
termined period of time is an initial healing period. For
example, aninitial healing period could be approximately
six weeks (e.g. 5-7 weeks). In some embodiments the
predetermined period of time can be a period between
approximately 8-12 weeks (e.g. 7-13 weeks). However,
any suitable predetermined period of time can be used.
The inventors have observed that an implant having rigid
fixation for a predetermined period of time achieved
through the use of a resorbable device, and after resorp-
tion, permitting a predetermined amount of rotation of a
ball portion 120 of the implant 100 relative to the socket
portion 140, can provide significantimprovements to pa-
tients suffering from hammertoe or claw toe.

[0016] Referring now to Figures 1C and 1D, a front
plan view and a perspective view of a toe bone implant
100 are respectively provided after operatively connect-
ing the ball portion 120 and the socket portion 140. In the
illustrated embaodiment, toe bone implant 100 is shown
prior to insertion into a joint. In some embodiments, ball
portion 120 can be configured to rotate a predetermined
amount respective to socket portion 140 in a lateral di-
rection (x). In some embodiments, ball portion 120 can
be configured to rotate a predetermined amount respec-
tive to socket portion 140 about a lateral axis (x). In some
embodiments, rotation in lateral direction (x) can be re-
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ferred to as rotation in a plantar direction, e.g. toward the
sole, i.e. at a substantially 90 degree angle between the
front part of the foot and the shin. In some embodiments,
ball portion 120 can be configured to rotate a predeter-
mined amount respective to socket portion 140 in a lon-
gitudinal direction (y). In some embodiments, ball portion
120 can be configured to rotate a predetermined amount
respective to socket portion 140 about a longitudinal axis
(y). In some embodiments, rotation in longitudinal direc-
tion (y) can be referred to as rotation in a dorsal direction,
e.g. toward or away from a shin bone. In some embodi-
ments, ball portion 120 can be configured to rotate a pre-
determined amount respective to socket portion 140 in
a longitudinal direction (y) and a lateral direction (x). In
some embodiments, ball portion 120 can be configured
to rotate a predetermined amount respective to socket
portion 140 about a longitudinal axis (y) and a lateral axis
(x). In the illustrated embodiment, ball portion 120 is con-
figured to freely rotate respective to socket portion 140.
[0017] With reference to Figure 1E, a front plan view
of a toe bone implant 100 according to some embodi-
ments is provided. As shown in Figure 1E, a portion of
first portion 130 and a portion of second portion 110 can
be threaded 134, 114. The threads 134, 114 may be
threaded in substantially the same direction or in oppos-
ing directions. As ball portion 120 is configured to freely
rotate respective to socket portion 140, both the respec-
tive first 130 and second 110 portions can be threaded
into a respective bone canal. As shown, the threaded
portion 134, 114 of first 130 and second 110 portions can
include a plurality of threads disposed along its respec-
tive length. The tip (not shown) of respective threaded
portions 134, 114 can be pointed to facilitate the advance-
ment of threads 134, 114 into a respective bone. The
respective edge portions 135, 115 can have any suitable
type of interfacing mechanism to accept a suitable im-
plant drivers such as a screw head or the like. In some
embodiments, the respective edge portions 135, 115 can
include a female depression (not shown) adaptable to
mate with a driver (not shown) having a male extension.
In some embodiments, for example, the respective edge
portions 135, 1151 can have a portion in the shape of a
hex whereby a suitable driver has a corresponding hex
adapter appropriate to drive the implant 100 into a re-
spective bone.

[0018] Referring now to Figure 1F, a front plan view of
animplant 100is shown according to some embodiments
of the present disclosure. In the illustrated embodiment,
a portion of first portion 130 includes blades 136 to im-
prove alignment or implantation while inserting the first
portion 130 into a bone canal. As shown, blade portion
136 includes a plurality of serrated edges on its top and
bottom sides. In some embodiments, blade portion 136
can have a width that is greater than its thickness and
can taper to a point. In some embodiments such as em-
bodiments using aresorbable pin, a portion of first portion
130 can include blades 136 to improve alignment or im-
plantation while inserting the first portion 130 into a bone
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canal. In some embaodiments (not shown), a portion of
first portion 130 can include barbs 136 to improve align-
ment or implantation while inserting the first portion 130
into a bone canal.

[0019] Invarious embodiments, animplant 100 can be
implanted into targeted bones by any suitable method.
Forexample, animplant 100 can be implanted orinstalled
via a retrograde approach between, for example, proxi-
mate and middle phalanxes in a foot. One skilled in the
art will understand that the method described herein may
be applied to the middle and distal phalanxes, respective
metatarsals, as well or other adjacent bones. In some
embodiments, an implant 100 can be implanted via a
retrograde approach between, for example, a phalanx
and a metatarsal in afoot. In some embodiments, adriver
can be used to implant an implant 100 into a joint. For
example, a driver can be an elongated instrument and
include one end having an adaptable portion suitable for
mating with an implant 100 described above. In some
embodiments, the adaptable portion can include a male
hexagonal head adaptable to mate to a corresponding
female depression in an edge portion 135, 115 of an im-
plant 100. In some embodiments, an opposing end of the
driver can include a driving pin or trocar and can include
a flat modular section configured to accept a handle or
other suitable mechanism to assist a surgeon during in-
stallation of an implant 100.

[0020] Referring now to Figure 7, a flow chart showing
a method of correcting a toe bone deformity is provided.
Atblock 710, ajoint is exposed between first and second
bones. In some embodiments, the joint is a proximal in-
terphalangeal (PIP) joint. In some embodiments, the joint
is a distal interphalangeal (DIP) joint. In some embodi-
ments, the joint is a metatarsal phalangeal joint. In some
embodiments, a toe can be opened to provide access to
a joint between a first bone and a second bone. For ex-
ample, a toe can be opened to provide access to a joint
between a middle phalanx and a proximal phalanx, or,
for example, between a distal phalanx and a proximal
metatarsal. In some embodiments, an incision is made
to open the joint. In some embodiments, the first and/or
second bones, respectively, may be resected using a
bone saw or other tool, if necessary. The resected sur-
faces of the first and/or second bones can be debrided
if necessary. At block 720, bone implant 100 can be in-
serted into the joint. Any suitable insertion method can
be used. At block 730, an edge portion 135, 115 of re-
spective first 130 and second 110 implant portions is in-
serted into respective first and second bones. Any suit-
able method to insert the respective edge portions 115,
135 into first and second bones. For example, an in-
termedullary canal can be drilled into one or both of the
first and second bones using a drill or other mechanism
to anappropriate depth. In some embodiments, areamer
can be used for precise and accurate canal drilling. In
some embodiments, a driver can be engaged with an
edge partion 135 of the first portion 130 of an implant 100
as described above, and an edge portion 115 of the sec-
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ond portion 110 of the implant 100 can be threaded into
thefirst bone. In some embodiments, bladed portion 136
of first portion 130 can be disposed within a slot of a
driving adapter and the body of the driving adapter can
be secured in a chuck of adrill or other driving instrument.
A drill or other driving instrument can be used to drive
threaded portion 114 of second portion 110 into a surface
of a second bone, for example, a proximal metatarsal.
With the threaded portion 114 of second portion 110 of
implant 100 disposed within second bone, a driving
adapter can be disengaged from blade portion 136 of
first portion 130 of implant 100.

[0021] Thefirst bone, forexample a distal phalanx, can
be predrilled or broached using a drill, or other suitable
device, to create a hole. In some embodiments, areamer
can be used for precise drilling or broaching. The pre-
drilled or broached first bone is then repositioned such
that the predrilled hole or broach aligns with the blade
portion 136 of first portion 130 of implant 100. The first
bone is then pressed into engagement with the blade
portion 136 of first portion 130. The serrated edges of
blade portion 136 of first portion 130 help to maintain
engagement between first bone and blade portion 136
of first portion 130 of implant 100. In some embodiments,
a ball portion 120 of second portion 110 can be opera-
tively connected to a socket portion 140 of first portion
130 in situ. In some embodiments, a ball portion 120 of
second portion 110 can be operatively connected to a
socket portion 140 of first portion 130 prior to insertion
of toe implant 100 into the joint. At block 740, the ball
portion 120 is aligned with socket portion 140 such that
ball portion 120 is configured to rotate a predetermined
amount relative to socket portion 140. In some embodi-
ments (e.g. Figs. 2, 3, 4, 6), a ball portion of a second
portion can be operatively connected to a socket portion
of a first portion in situ. In some embodiments, the re-
spective edge portions of ball portion 120 of second por-
tion 110 and socket portion 140 of first portion 130 are
inserted into respective first and second bones such that
the ball portion 120 is aligned with socket portion 140
and is configured to rotate a predetermined amount rel-
ative to the socket portion 140.

[0022] With reference now to Figures 2A-2F, various
plan and perspective views of an implant 200 according
to some embodiments of the presentdisclosures are pro-
vided. In the illustrated embodiment, the first portion 230
and second portion 210 can be inserted (720) into a joint
independent of each other. The ball portion 220 can be
operatively connected to the socket portion 240 in situ.
As shown and described above, socket portion 240 is
formed of a material flexible enough to allow insertion
and operative connection of the ball portion 220 of second
portion 210. In some embodiments, the force required to
insert ball portion 220 into saocket portion 240 is less than
the force required to remove ball portion 220 from socket
portion 240. As shown in Figures 2B -2F, ball portion 220
will not detach from socket portion 240. With reference
now to Figures 2B and 2D, both spherical 225, 245 and
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cylindrical 242 articulating surfaces can be provided on
the ball portion 220 and socket portion 240 to limit the
rotation of the ball portion 220 relative to the socket por-
tion 240 to dorsi/plantar flexion. In some embodiments,
where the predetermined amount of rotation of the ball
portion 220 relative to socket portion 240 is limited to
dorsiflexion, a greater amount of material can be added
to the plantar portion of socket portion 240 of the first
portion 230 of implant 200.

[0023] In some embodiments, an open procedure can
be used to expose a joint (710), for inserting the implant
200into the joint, and for soft tissue release. As discussed
above, first and second bones can be resected in some
embodiments. In some embodiments, a reamer can be
used to for accurate and precise drilling of a canal into
respective first and second bones. As shown in Figure
2E, first 230 and second 210 portions can include re-
spective threaded portions 234, 214. In some embodi-
ments, respective edge portions 235, 215 can be thread-
ed into canals as described above (715) as the first 230
and second 210 portions are implanted independently
and operatively connected in situ. As shown in Figure
2F, first 230 and second 210 portions caninclude respec-
tive bladed portion 236, 216. In some embodiments, re-
spective edge portions 235, 215 can be inserted into re-
spective first and second bones independently and ball
portion 220 inserted into and operatively connected to
socket portion 240 in situ to align ball portion 220 with
socket portion 240 and configure it to rotate a predeter-
mined amount relative to socket portion 240. In some
embodiments (not shown), implant 200 can include are-
sorbable portion operatively connected to the first 230
and second 210 portions and configured to limit the ro-
tation of the ball portion 220 respective to the socket por-
tion 240 for a predetermined period of time as described
above. Referring now to Figures 3A-3F, various plan and
perspective views of implant 300 are provided according
to some embodiments of the present disclosure. As
shown in Figures 3B and 3D, both spherical 325, 345
and cylindrical 342 articulating surfaces can be provided
on the ball portion 320 and socket portion 340 to limit the
rotation of the ball portion 320 relative to the socket por-
tion 340 to dorsi/plantar flexion. In some embodiments,
where the predetermined amount of rotation of the ball
portion 320 relative to socket portion 340 is limited to
dorsiflexion, a greater amount of material can be added
to the plantar portion of socket portion 340 of the first
portion 330 of implant 300. As shown in the illustrated
embodiments of 2B, 2D, 3B and 3D, there is less dor-
sal/plantar constraint in the embodiments illustrated in
Figures 3B and 3D and more dorsal/plantar constraint in
the embodiments shown in Figures 2B and 2D.

[0024] In some embodiments, an open procedure can
be used to expose a joint (710), for inserting the implant
300into the joint, and for soft tissuerelease. As discussed
above, first and second bones can be resected in some
embodiments. In some embodiments, a reamer can be
used to for accurate and precise drilling of a canal into
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respective first and second bones. As shown in Figure
3E, first 330 and second 310 portions can include re-
spective threaded portions 334, 314. In some embodi-
ments, respective edge portions 335, 315 can be thread-
ed into canals as described above (715) as the first 330
and second 310 portions are implanted independently
and operatively connected in situ. As shown in Figure
2F, first 330 and second 310 portions can include respec-
tive bladed portion 336, 316. In some embodiments, re-
spective edge portions 335, 315 can be inserted into re-
spective first and second bones independently and ball
portion 320 inserted into and operatively connected to
socket portion 340 in situ to align ball portion 320 with
sacket portion 340 and configure it to rotate a predeter-
mined amount relative to socket portion 340. In some
embodiments (not shown), implant 300 can include a re-
sarbable portion operatively connected to the first 330
and second 310 portions and configured to limit the ro-
tation of the ball portion 320 respective to the socket por-
tion 340 for a predetermined period of time as described
above.

[0025] Referring now to Figures 4A-4E, various plan
and perspective views of an implant 400 are provided
according to some embodiments of the present disclo-
sure. As illustrated in Figures 4A and 4C, ball portion 420
and socket portion 440 can include respective cylindrical
articulating surfaces 427, 447 and respective spherical
articulating surfaces 445, 425 to limit the rotation of the
ball portion 420 relative to the socket portion 440 to a
predetermined amount. In the illustrated embodiment, in-
terior portion 450 formed in socket portion 440 along with
respective cylindrical articulating surfaces 427, 447 and
respective spherical articulating surfaces 445, 425 cre-
ates a hinge type of implant 400 and limits rotation of the
ball portion 420 relative to socket portion 440 to dor-
sal/plantar flexion. In some embodiments, where the pre-
determined amount of rotation of the ball portion 420 rel-
ative to socket portion 440 is limited to dorsiflexion, a
greater amount of material can be added to the plantar
portion of socket portion 440 of the first portion 430 of
implant 400.

[0026] In some embodiments, an open procedure can
be used to expose a joint (710), for inserting the implant
400 into the joint, and for soft tissue release. As discussed
above, first and second bones can be resected in some
embodiments. In some embodiments, a reamer can be
used to for accurate and precise drilling of a canal into
respective firstand second bones. In some embodiments
(not shown), first 430 and second 410 portions can in-
clude respective threaded portions (not shown). In some
embodiments (not shown), respective edge portions 435,
415 can be threaded into canals as described above
(715) as the first 430 and second 410 portions are im-
planted independently and operatively connected in situ.
As shown in Figure 4E, in some embodiments, first por-
tion 430 can include a bladed portion 436 and second
portion 410 can include a threaded portion 414 and re-
spective edge portions 435, 415 can be threaded into
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canals as described above (715) as the first 430 and
second 410 portions are implanted independently and
operatively connected in situ. In some embodiments (not
shown), first 430 and second 310 portions can include
respective bladed portions. In some embodiments (not
shown), first 430 and second 310 portions can include
respective barbed portions. In some embodiments, re-
spective edge portions 435, 415 can be inserted into re-
spective first and second bones independently and ball
portion 420 inserted into and operatively connected to
socket portion 440 in situ to align ball portion 420 with
socket portion 440 and configure it to rotate a predeter-
mined amount relative to socket portion 440. In some
embodiments (not shown), implant 400 can include are-
sorbable portion operatively connected to the first 430
and second 410 portions and configured to limit the ro-
tation of the ball portion 420 respective to the socket por-
tion 440 for a predetermined period of time as described
above.

[0027] Referring now to Figures 5A-5D, various plan
and perspective views of a hinge type bane implant 500
according to some embodiments of the present disclo-
sure are provided. In the illustrated embodiments, the
ball portion 520 is inserted into the socket portion 540
prior to inserting the bone implant 500 into a joint (720).
As shown in the illustrated embodiment, a cross pin 560
can be inserted between the ball portion 520 and the
socket portion 540 to limit rotation of the ball portion 520
relative to the socket portion 540 to dorsi/plantar flexion.
In some embodiments, the ball portion 520 can be dis-
posed asymmetrically relative to the socket portion 540
to further limit rotation to a predetermined amount. In
some embodiments, and as shown in Figure 5C, resorb-
able cross-pin ends 565 can be included to restrict rota-
tion of the ball portion 520 relative to the socket portion
520 for a predetermined period of time as described
above. In some embodiments, where the predetermined
amountofrotation of the ball portion 520relative to socket
portion 540 is limited to dorsiflexion, a greater amount of
material can be added to the plantar portion of socket
portion 540 of the first portion 530 of implant 500.
[0028] In some embodiments, an open procedure can
be used to expose a joint (710), for inserting the implant
500into the joint, and for soft tissuerelease. As discussed
above, first and second bones can be resected in some
embodiments. In some embodiments, a reamer can be
used to for accurate and precise drilling of a canal into
respective firstand second bones. In some embodiments
(not shown), one of the first 530 or second 510 portions
can include a respective threaded portions (not shown)
as the implant 500 is assembled prior to insertion into a
joint. In some embodiments (not shown), the respective
edge portion 435 (or 415) of the respective portion in-
cluding athreaded portion can be threaded into a respec-
tive canal as described above (715). In some embodi-
ments, the other one of the first 530 or second 510 por-
tions of the implant 500 can include a bladed portion. In
some embodiments, the other one of the first 530 or sec-
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ond 510 portions of the implant 500 can include a barbed
portion.

[0029] With reference now to Figures 6A-6H, various
plan and perspective views of an implant 600 according
to some embodiments of the present disclosure are pro-
vided. In the illustrated embodiments, a flange portion
670 is included in socket portion 640 to limit the rotation
of the ball portion 620 relative to socket portion 640 in
the plantar flexion direction. As shown in Figures 6E and
6F, ball portion 620 can be disposed asymmetrically rel-
ative to socket portion 640 to further limit the rotation of
the ball portion 620 relative to socket portion 640 in the
plantar flexion direction. As shown in the illustrated em-
bodiment, ball portion 620 and saocket portion 640 include
respective spherical articulating surfaces which provide
rotation of the ball portion 620 a predetermined amount
relative to the socket portion 640.

[0030] As shown in Figure 6G, in embodiments where
the implant 600 is assembled in situ, first portion 630 and
second portion 610 can include respective threaded por-
tion 634, 614. In embodiments where the implant 600 in
assembled prior to insertion into the joint (at block 720),
one of the first 630 or second 610 portions can include
arespective threaded portion (e.g. Figure 6H and thread-
ed portion 614) and the other one of the first 630 or sec-
ond 610 portions of the implant 600 can include a bladed
portion (e.g. Figure 6H and threaded portion 616). In
some embodiments, the other one of the first 630 or sec-
ond 610 portions of the implant 600 can include a barbed
portion (not shown). In some embodiments (not shown),
implant 600 can include a resorbable portion aperatively
connected to the first 630 and second 610 portions and
configured to limit the rotation of the ball portion 620 re-
spective to the socket portion 640 for a predetermined
period of time as described above. In embodiments hav-
ing a resorbable portion, a barbed or bladed portion can
be included on the portion of the implant 600 configured
for insertion into the distal bone for improved alignment
and implantation.

[0031] Referring now to Figure 8, a a flow chart show-
ing a method of correcting a toe bone deformity is pro-
vided. At block 810, a joint is exposed between first and
second bones as described above for block 710. In some
embodiments, the joint is a proximal interphalangeal
(PIP) joint. In some embodiments, the joint is a distal
interphalangeal (DIP) joint. In some embodiments, the
jointis a metatarsal phalangeal joint. At block 820, bone
implant 100 (200, 300, 400, 500, 600) can be inserted
into the joint as described above for block 720. At block
830, an edge portion of the respective first 130 (230, 330,
430, 530, 630) and second 110 (210, 310,410, 510,610)
portions is inserted into the respective first and second
bones as described above for block 730. At block 840, a
ball portion 120 (220, 320, 420, 520, 620) of the second
portion 110 (210, 310, 410, 510, 610) can be aligned with
a socket portion 140 (240, 340, 440, 540, 640) of the first
portion 130 (230, 330, 430, 530, 630) such that the ball
portion 120 (220, 320, 420, 520, 620) is configured to
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rotate a predetermined amountrelative to the socket por-
tion 140(240, 340, 440, 540, 640) In some embodiments,
a ball portion 220 (320, 420, 620) of second portion 210
(310, 410, 610) can be operatively connected to a socket
portion 240 (340, 440, 640) of first portion 230 (330, 430,
630) in situ. In some embodiments, a ball portion 120
(520, 620) of second portion 110 (510, 610) can be op-
eratively connected to a socket portion 140 (540, 640) of
first portion 130 (530, 630) prior to inserting the bone
implant 100 (500, 600) into a joint (820). In some embod-
iments, the respective edge portions of ball portion 120
(220, 320, 420, 520, 620) of second portion 110 (210,
310, 410, 510, 610) and socket portion 140 (240, 340,
440, 540, 640) of first portion 130 (230, 330, 430, 530,
630) are inserted into respective first and second bones
such that the ball portion 120 (220, 320, 420, 520, 620)
is aligned with socket portion 140 (240, 340, 440, 540,
640) and is configured to rotate a predetermined amount
relative to the socket portion 140 (240, 340, 440, 540,
640).

[0032] Although reference has been made to a pa-
tient’s proximal and distal interphalangeal joints and met-
atarsal phalangeal joints, one skilled in the art will under-
stand that embodiments of the present disclosure may
be implemented for other respective bones including, but
not limited to other phalanges/digits and phalangeal/dig-
ital joints.

[0033] Itmaybe emphasizedthatthe above-described
and illustrated embodiments are merely possible exam-
ples of implementations and merely set forth for a clear
understanding of the principles of the disclosure. Many
variations and modifications may be made to the above-
described embodiments of the disclosure without depart-
ing substantially from the spirit and principles of the dis-
closure. All such modifications and variations are intend-
ed to be included herein within the scope of this disclo-
sure and the present disclosure and protected by the
following claims.

[0034] While this specification contains many specif-
ics, these should not be construed as limitations on the
scope of the claimed subject matter, but rather as de-
scriptions of features that may be specific to particular
embodiments. Certain features that are described in this
specification in the context of separate embodiments can
also be implemented in combination in a single embod-
iment. Conversely, various features that are described
in the context of a single embodiment can also be imple-
mented in multiple embodiments separately or in any
suitable sub-combination. Moreover, although features
may be described above as acting in certain combina-
tions and even initially claimed as such, cne ar more fea-
tures from a claimed combination can in some cases be
excised from the combination, and the claimed combi-
nation may be directed to a sub-combination or variation
of a sub-combination.

[0035] Asshown by the various configurations and em-
bodiments illustrated in Figures 1A-8, improved toe bone
implants and methods of correcting toe bone deformities
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have been described.

[0036] Someembodiments provide atoe bone implant.
The toe bone implant includes a first portion having a
sacket portion. The toe bone implant also includes a sec-
ond portion having a ball portion operatively connected
to the socket portion. The toe bone implant is implanted
in a joint such that the ball portion is configured to rotate
apredetermined amountrespective to the socket portion.
[0037] Some embodiments provide a method of cor-
recting a toe bone deformity. The method includes ex-
posing a joint between first and second bones and in-
serting a bone implant into the joint. The bone implant
includes a first portion including a socket portion and a
second portion including a ball portion operatively con-
nected to the socket portion. The method includes insert-
ing an edge portion of the respective first and second
portions into the respective first and second bones, and
aligning the ball portion with the socket portion such that
the ball portion is configured to rotate a predetermined
amount relative to the socket portion.

[0038] Someembodiments provide atoe bone implant.
The toe bone implant includes a first portion having a
socket portion. The toe bone implant includes a second
portion having a ball portion operatively connected to the
socket portion such that the ball portion is configured to
rotate a predetermined amount respective to the socket
portion. The toe bone implant also includes a resorbable
portion operatively connected to the first and second por-
tions and configured to limit rotation of the ball portion
respective to the socket portion for a predetermined pe-
riod of time.

[0039] While various embodiments are described
herein, it is to be understood that the embodiments de-
scribed are illustrative only and that the scope of the sub-
ject matter is to be accorded a full range of equivalents,
many variations and modifications naturally occurring to
those of skill in the art from a perusal hereof.

Claims
1. Atoe bone implant, comprising:

a first partion comprising a socket portion;

a second portion comprising a ball portion op-
eratively connected to the socket portion; and
wherein the implant is implanted in a joint such
that the ball portion is configured to rotate a pre-
determined amountrespective tothe socket por-
tion.

2. The bone implant of Claim 1, further comprising:

a resorbable portion operatively connected to
the first and second portions and configured to
limit rotation of the ball portion respective to the
socket portion for a predetermined period of
time.
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The bone implant of Claim 2, wherein the predeter-
mined period of time is approximately 8 to 12 weeks.

The bone implant of Claim 2, wherein the resorbable
portion is selected from the group consisting of a
resorbable pin, a resorbable bridge, a resorbable
lock out device, and a resarbable snap-on device.

The bone implant of Claim 1, wherein the ball portion
is configured to rotate a predetermined amount in a
longitudinal direction.

The bone implant of Claim 1, wherein the ball portion
is configured to rotate a predetermined amount in a
lateral direction.

The bone implant of Claim 1, wherein the ball portion
is configured to freely rotate about an axis of rotation.

The bone implant of Claim 1, wherein the joint is a
proximal interphalangeal (PIP) joint.

The bone implant of Claim 1, wherein the joint is a
metatarsal phalangeal joint.

The bone implant of Claim 1, wherein one or more
of the first or second portions comprises a threaded
edge portion.

The bone implant of Claim 1, wherein one or more
of the first or second portions comprises an edge
portion comprising blades.

A toe bone implant, comprising:

a first portion comprising a socket portion;

a second portion comprising a ball portion op-
eratively connected to the socket portion such
that the ball portion is configured to rotate a pre-
determined amountrespective to the socket por-
tion; and

a resorbable portion operatively connected to
the first and second portions and configured to
limit rotation of the ball portion respective to the
socket portion for a predetermined period of
time.
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