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ITHLE OF THE INVENTION
[0001] Ankle Fusion Device, Instrumentation and Methods

10002

BACKGROUND OF THE INVENTION

[0003] T'he present invention. according to some embodiments. includes an
implantable device, instrumentation and methods for fusing ankle bones of a mammalian
patient. More particularly, in some embodiments, the invention is directed to an
arthrodesis nail and instrumentation and methods for implanting the same to fuse the tibia,

talus. and calcancus bonces of an ankle ol @ human paticent.
BRI SUMMARY OF THILE INVENTION

10004] [n one embodiment there 1s an ankle fuston device that includes a proximal
portion generally extending along a first longitudinal axis. The proximal portion includes a
prosimal end and a first fastener hole. The proximal portion has an arcuate curve such that the
proximal ¢nd is spaced a distance from the first fongitudinal axis in a first direction. The first
lastener hole is contigured to recerve a first fastener along a first fastener axis. A distal portion
ot the ankle tusion device extends (o a distal end from the proximal portion along a second
longitudinal axis. The second tongitudinal axis 1s angled in second and third directions relative
1o the first longitudinal axis. The second direction is perpendicular to the first direction and the
third direction 1s opposite the first direction. The distal portion includes a sccond fastener hole
configured 1o recerve a second tastener along a sccond fastencer axis. In one embodiment, the
sccond fastener hole 1s clongate and the distal portion further includes a bore extending
proximally from the distal end along the second longitudinal axis. The bore 1s at feast partially
threaded. The distal portion turther includes an ¢longate third fastener hole configured 1o

recerve a third fastener along a third fastener axis.

10005] In a turther embodiment, the ankle fusion device comprises a compression
screw conligured to be recetved in the bore and translate therein along the second longitudinal
ax1s. In on embodiment. the compression screw includes an engagement portion having ¢
concave surface conligured 1o contact the third lastener when the third fastener is received in
the third fastener hole and a threaded portion attachable to the engagement portion and having

external threads configured
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to engage the threads of the bore. In one embodiment, the bore does not extend through the entire
distal portion.

[0006] In a further embodiment, the ankle fusion device further comprises an end cap set screw
having a closed distal end and external screws configured to engage the threads of the bore. In one
embodiment, the distal portion includes a third fastener hole configured to recetve a third fastener
along a third fastener axis. In one embodiment, the second fastener axis 1s oriented at an oblique
angle relative to the third fastener axis. In one embodiment, the second fastener axis and the third
fastener axis lie on planes that are parallel to one another. In one embodiment, the third fastener
axis 1s configured to be substantially aligned with a longest dimension of a talus once the ankle
fusion device 1s implanted. In one embodiment, the proximal portion further comprises a fourth
fastener hole configured to receive a fourth fastener along a fourth fastener axis. In one
embodiment, the fourth fastener axis and the first fastener axis are substantially parallel. In one
embodiment, the fourth fastener hole 1s elongate.

[0007]  In one embodiment, the distal end 1ncludes a truncated surface that 1s generally
perpendicular to the first longitudinal axis and oriented at an oblique angle relative to the second
longitudnal axis. In one embodiment, the second fastener axis 1s configured to be substantially
aligned with a longest dimension ot a calcaneus bone once the ankle tfusion device 1s implanted. In
onc embodiment, once the ankle fusion device 1s implanted 1n a body the proximal portion extends
into a tibia, the distal portion extends through a calcancus, the first direction 1s 1n an anterior
direction, the second direction 1s in a lateral direction and the third direction 1s 1n a posterior
direction. In one embodiment, the entire proximal portion 1s arcuate in the (irst direction, In one
embodiment, the proximal portion 18 least partially cannulated. In one embodiment, the proximal
portion is substantially solid.

[0008] In another embodiment, a device for positioning at least one guidewire 1n a calcancus
bone and talus bone comprises a frame configured and dimensioned to at Ieast partially surround the
calcancus bone and the talus bone. The frame includes a guidewire target configured and
dimensioned to be inserted between the talus bone and a tibia bone proximate a talar dome of the
talus bonc and a first guidewire sleeve radially disposcd about a first gmidewire axis. The first
gmdewire axis 18 aligned with the guidewire target.

[0009]  In a further embodiment, the device includes a second guidewire template attached to the
frame and having a second guidewire sleeve radially disposed about a second guidewire axis. In one
embodiment, the second guidewire template includes an alignment guide extending therefrom. In

one embodiment, the second guidewire axis extends towards the guidewire target when the
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alignment guide 18 substantially aligned with a pre-selected anatomical feature. In one embodiment,
the pre-selected anatomical feature 1s a second metatarsal bone. In one embodiment, the second
guidewire axis 18 positioned at an oblique angle relative to the first guidewire axis when the
alignment guide 1s substantially aligned with the pre-selected anatomical feature. In on
embodiment, the second guidewire template 15 configured to rotate about the first guidewire axis. In
one embodiment, the second guidewire template 18 slideable and rotatable relative to the first
guidewire sleeve.

[0010]  In a further embodiment, the device includes a tibial alignment guide engaged with the
frame and configured to extend proximally therefrom along a longitudinal axis substantially parallel
to the first guidewire axis. In one embodiment, the tibial alignment gutde includes a transverse
member bemg positionable at a location along a longitudinal axis of the tibial alignment guide. In
on¢ embodiment, the transverse member has a curvature about the first guidewire axis. In one
embodiment, the frame further comprises a targeting arm that includes the guidewire target and the
tibial member 1s attachable to the targeting arm. In one embodiment, an extension of the tibial
alignment guide includes at least one alignment member, the at least one alignment member
configured and positioned to intersect with a plane aligned with the first guidewire axis. In one
embodiment, the tibial alignment guide 18 rotatably attachable with the frame.

[0011]  In one embodiment, the frame further comprises a targeting arm that includes the
guidewire target, the targeting arm and the first sleeve arm being substantially parallel to one
another. In one embodiment, the first sleeve 1s fixed 1n position relative to the targeting arm. In one
embodiment, the first guidewire axis 1s conligured (o substantally align with a center of the talar
dome and to the gmdewire target when the guidewire target 18 1inserted between the talus and the
tibia proximate the talar dome. In one embodiment, the first sleeve arm is positioned distally from
the calcancus bone when the guidewire target 15 inserted between the talus bone and the tibia bone
proximate the talar dome of the talus bone.

[0012]  In another embodiment, a method for positioning a guidewire in a calcaneus bone, talus
bone, and tibia bone, includes: mserting a guidewire target on a guidewire targeting device into an
anklc joint at a distal cnd of the tibia bonc such that the guidewire target 18 proximatc a talar dome of
the talus bone; positioning a tirst guidewire sleeve on the guidewire targetmg device proxmmate the
calcaneus bone, the first gmdewire sleeve pomting toward the guidewire target to provide a first
gutdewire axis; aligning the tirst gmidewire axis of the first guidewire sleeve generally co-axially

with a longitudinal axis of the tibia bone; and advancing a first guidewire along the first guidewire
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ax1s through the first guidewire sleeve and 1nto the distal tibia bone through the calcaneus bone and
talar dome of the talus bone.

[0013]  In a further embodiment, the method includes: positioning a second guidewire axis of a

ouldewire template coupled to the guidewire targeting device at an oblique angle relative to the first
euidewire axis; aligning the second guidewire axis with the talar dome of the talus bone and; and
advancing a second guidewire along the second guidewire axis through a second guidewire sleeve
on the guidewire temple and 1nto the calcaneus bone and the talar bone until an end of the second
gutdewire generally reaches the first guidewrre.

[0014]  In onc embodiment, the second guidewire axis includes rotatng the guidewire template
relative to the guidewire targeting device until an alignment arm of the guidewire template 1s
substantially aligned with an anatormical feature. In one embodiment, the anatomical feature 18 a
long axi1s of a sccond metatarsal bone. In one embodiment, the guidewire template 18 rotatably
coupled to the guidewire targeting device. In one embodiment, the guidewire temple 18 slideably
coupled over a portion of the first guidewire sleeve surrounding the first guidewire axis.

[0015]  In a further embodiment, the method includes: removing the first guidewire; advancing a
cannulated resection device over the second guidewire and through the calcaneus and the talus;
performing a dorsitlexion and inversion of the ankle joint to align the second guidewire with the
longitudnal axis of the tibia bone; advancing the second guidewire into the tibia bone along the
longitudmal axis of the tibia bone; and further advancing the cannulated resection device over the
second guidewire and into the tibia.

[0016]  In one embodiment, the second guidewire axis 1s angled laterally and posteriorly relative
to the first guidewire axis. In a further embodiment, the method comprises: positioning an elongate
member coupled with the guidewire targeting device substantially parallel to the longitudinal axis of
the tibia bone. In one embodiment, a proximal arm extends from the guidewire target and a distal
arm extends from the first guidewire sleeve, the proximal arm being generally parallel to and spaced
from the distal arm. In one embodiment, aligning the first guidewire axis includes aligning the
guidewire target with a center of the talar dome.

[0017]  In a furthcr cmbodiment, the method includes bracing an alignment guide of the
gmdewire targeting device against an anterior surface of an outside of a leg. In one embodiment,
aligning the first guidewire axis of the first gmdewire sleeve generally co-axially with the
longitudmal axis of the tibia bone mcludes positioning an alignment member of the guidewire
targeting device proximal the tibia bone on a plane aligned with the longitudinal axis of the tibia

bone.
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0018]  The foregoing summary, as well as the following detailed description of embodiments of
the Ankle Fusion Device, Instrumentation and Methods, will be better understood when read 1n
conjunction with the appended drawings of an exemplary embodiment. It should be understood,
however, that the invention 1s not limited to the precise arrangements and mstrumentalities shown.
[0019]  In the drawings:

[0020]  Fig. 1 A 18 a posterior elevational view of an ankle fusion device including a nail
accordance with an exemplary embodiment of the present invention shown implanted 1n a semi-
transparent skeleton;

[0021]  Fig. 1B 1s a lateral elevational view of the nail shown in Fig. 1A;

0022]  Fig. 2A 1s a lateral elevational view of the nail of Fig. 1A;

10023]  Fig. 2B 15 an anterior ¢levational view of the nail of Fig. 1A;

|0024]  Fig. 3 1s a partial perspective view of a distal portion of the nail of Fig. 1A 1llustrating the
use of a compression screw 1n accordance with an exemplary embodiment of the present invention;
[0025]  Fig. 4 1s an exploded perspective view of the compression screw of Fig. 3 and end caps
for use with the ankle fusion device of Fig. 1A;

[0026]  Fig. 518 a posterior perspective view of a guidewire targeting device m accordance with
an exemplary embodiment of the present imvention;

[0027]  Fig. 6 18 a ventral or bottom plan view of a guidewire template in accordance with an
exemplary embodiment of the present invention;

[0028] Fig. 7 18 a perspective view of the guidewire targetimg device of Fig, 5 1n use with a
guidewire template of Fig. 6 showing first and sccond guidewire axcs;

[0029]  Fig. 8A 15 a latcral clevational vicw of the guidewire targeting device of Fig. 5 1n usc
upon initial msertion;

|0030]  Fig. 8B 1s an antenor elevational view of the gmdewire targeting device shown 1n Fig.
SA;

[0031]  Fig. 8C 1s an enlarged lateral elevational view of the guidewire targeting device shown 1n
Fig. 8A,

[0032]  Fig. 915 a dorsal or top plan view of a target on the talar dome of the talus;

[0033]  Fig. 10 1s a lateral elevational view of the guidewire targeting device shown in Fig. 8A 1n

use with a first guidewire;
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[0034]  Fig. 11 1s a ventral or bottom plan view of the guidewire targeting device and guidewire
template of F1g. 7 1n use with the first and second guidewires;

[0035] Fig. 12 15 a lateral elevational view of the guidewire targeting device and guidewire
template shown 1 Fig. 11;

[0036] Fig. 13 15 a lateral elevational view of a cannulated drill being used with the second
guidewire in accordance with an exemplary embodiment of the present invention;

[0037]  Fig. 1415 a lateral elevational view of the second guidewire and cannulated drll of Fig.
I3 and a protection sleeve 1n accordance with an exemplary embodiment of the present mvention;
[0038]  Fig. 15 15 a lateral elevational view of a reamer being used in accordance with an
exemplary embodiment of the present invention;

[0039]  Fig. 16 1s a lateral elevational view of a nail being mmserted using an msertion handle
accordance with an exemplary embodiment of the present invention;

[0040]  Fig. 17 1s a medial elevational view of a calcaneus screw being inserted using an aiming
arm 1n accordance with an exemplary embodiment of the present invention;

[0041] Fig. 18 1s a medial elevational view of a talar screw being inserted using an aiming arm
in accordance with an exemplary embodiment of the present invention;

10042]  Fig. 19 18 a posterior elevational view of a first tibial screw being inserted using an
aiming arm 1n accordance with an exemplary embodiment of the present mvention;

[0043]  Fig. 20 15 an anterior elevational view of a second tibial screw being inserted using an
aiming arm in accordance with an exemplary embodiment of the present invention;

[0044]  Fig. 21 1s a medial elevational view ol a compression system of the ankle [usion device
of Fig. 1,

[0045]  Fig. 22 13 a medial elevational view of end cap sleeve and end cap screw of Fig. 4 being
inserted in the ankle fusion device of Fig. 1A;

[0046] Fig. 23A 1s a medial elevational view of the implanted ankle fusion device of Fig. 1A;
[0047] Fig. 23B 1s a lateral elevational view of the implanted ankle fusion device of Fig. 1A;
[0048] Fig. 23C 15 an anterior elevational view of the implanted ankle fusion device of Fig. 1A;
[0049]  Fig. 23D 1s a postcrior clevational view of the implantced anklc fusion device of Fig. 1A;
and

[0050]  Fig. 24 1s a medial elevational view of the implanted nail of Fig. 1A attached to an

extraction tool 1 accordance with an exemplary embodiment of the present invention.
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DETAILED DESCRIPTION OF THE INVENTION
[0051]  Referring to the drawings 1n detail, wherein like reference numerals indicate like
¢lements throughout, there 1s shown in Figs. 1A-24 an ankle fusion device, generally designated 10,
and varlous instrumentation for implanting the same, 1n accordance with exemplary embodiments of
the present mvention.
|[0052]  Severe arthrosis and deformity of the ankle and subtalar joints may be debilitating
problems that can be difficult to treat. Tibotalocalcaneal fusion (fusion of the calcaneus, talus and
tibia) with an mtramedullary nail can be considered a salvage procedure for severe arthrosis and
deformity of the ankle and subtalar joints. Ankle arthrodesis may be a challenging procedure due to
poor host conditions (e.g., bad skin, deformity, and avascular necrosis), mability to get adequate
fixation for this slow healing process, and the nability to get adequate compression across the
fusion. Performing an ankle arthrodesis can also be technically demanding because of the shape and
small size of the talus and calcaneus. Furthermore, known methods of installing ankle arthrodeses
may limit the optimal configuration of the nail and fixation screws.
[0053] Embodiments of ankle fusion device 10 are configured and shaped to obtain more
optimal bony purchase in the calcaneus 12 and talus 14 and/or increase comfort. In some
embodiments, ankle fusion device 10 obtains more optimal bony purchase and/or increase comfort
by more accurately approximating the anatomy of the lower limb and using the instrumentation and
methods described below to prepare the bones for implanting ankle fusion device 10. The
embodiments disclosed below and shown 1n the drawings are for the left ankle. If not otherwise
mentioned below, ankle fusion device 10, the mstrumentation and methods are mirrored across the
sagittal plane of the body for the right ankle.
[0054]  Referring to Figs. 1A and 1B, an exemplary ankle fusion device 10 1s shown implanted
within the calcancus 12, talus 14 and tibia 16 of a patient. Ankle fusion device 10 includes a nail 18
and a plurality of rfasteners 20. Fasteners 20 may include any fastening device such as but not
limited to pegs, nails, wires, screws, fixation screws, bone screws and locking screws. In some
embodiments, nail 1¥ 15 constructed from titanium, stainless steel, alloy, ceramic, and/or other solid
biocompatiblc matcrial. In somc cmbodiments, nail 18 18 substantially rigid. In somc cmbodiments,
at least a portion ot an exterior surtace of nail 18 1s treated to improve biocompatibility and/or
osteointegration (¢.g., textured, titantum plasma spray coating, hydroxyapatite coating, etc.).
[0055] Referring to Figs. 2A and 2B, an exemplary embodiment of nail 18 for the left ankle 1s
shown. Nail 18 includes a proximal portion 18a having an axis A; generally extending along, or in

the direction of, a first longitudinal axis L; that corresponds to the general vertical center of tibia 16
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(or 1n other words, proximal portion 18a 1s generally perpendicular to a transverse plane of the
patient). Proximal portion 18a includes a proximal end 18b and at least one fastener hole (e.g.,
fastener hole 222¢) for receiving a fastener 20. Nail 18 also includes a distal portion 18¢ extending
to a distal end 18d from proximal portion 18a along a second longitudinal axis L, co-axially aligned
with axi1s A;. Second longitudinal axis L; 15 oriented at an oblique angle relative to first longitudinal
axis L;. In one embodiment, nail 18 extends laterally and proximally downwardly or ventrally
through the calcaneus once implanted.

[0056]  In one embodiment, nail 18 also arcs anteriorly as 1t extends upwardly through the tibia
16 such that at least a portion of proximal portion 18a 1s arcuate. In on¢ embodiment, the entire
proximal portion 18a 1s arcuate. In one embodiment first longitudinal axis L; 1s tangent to the distal
most end of axis A; of proximal portion 184. Having an arcuate proximal portion 184 may help in
positioning and/or fixing nail 18 within the canal of tibia 16. In one embodiment, proximal portion
[8a has an arcuate curve such that proximal end 18D 18 spaced a distance d, from first longitudinal
axis L m a first direction d;. In one embodiment, distance d,, 1s about 36 mm for a 300 mm long
nail 18. In one embodiment, proximal portion 18a has a radius of curvature of about 1.5 m. In one
embodiment, the radius of curvature of proximal portion 18a 1s generally equal to the radius of
curvature ot an anterior tibial canal surtace.

0057]  In one embodiment, proximal end 18D 18 spaced a distance d, from first longitudinal axis
L; in a first direction d; and second longitudinal axis L, 1s oriented at oblique angles 1in second and
third directions d,, ds relative to first longitudinal axis L;. In one embodiment, second direction d,
1s perpendicular to first direction dy and third direction ds 1s oppostle [irst direction dy. In one
embodiment, once nail 18 1s implanted, first direction d; corresponds to a forward or anterior
direction, second direction d, corresponds to an outward or lateral direction and third direction d,
corresponds to a rear or posterior direction relative to the ankle. In an alternative embodiment,
proximal portion 18a 1s substantially straight. In one such embodiment, proximal portion 18a 18 co-
axial with first longitudinal axis L.

[0058]  In one embodiment, once ankle fusion device 10 1s implanted 1n a body, proximal portion
[ 8a cxtends into tibia 16, distal portion 18¢ cxtends through calcancus 12, first dircetion dy 18 1 an
anterior direction, second direction dj 18 1n a lateral direction and third direction dz 18 1n a posterior
direction. In some embodiments, proximal end 18b 1s tapered or pointed, m order to facilitate
insertion into the canal of tibia 16. In some embodiment, proximal end 18b 1s tapered and

configured to prevent a stress concentration on the canal of tibia 16 once nail 1¥ 1s implanted that
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may otherwise be caused by a nail end having a sharp edge. In one embodiment, proximal end 18b
1S a blunt or rounded tip. In one embodiment, proximal end 18b 18 closed.

[0059]  In one embodiment, nail 18 has a generally circular cross section throughout 1ts length.
In alternative embodiments, nail 18 may have any cross section shape includimg but not limited to
square, star, rectangular and triangular. In one embodiment, nail 18 has a plurality of sections that
decrease 1n diameter toward a proximal end 18b. In some embodiments, nail 1¥ tapers or decreases
In cross sectional size between distal portion 18¢ and proximal portion 1%a. In some embodiments,
distal portion 1&8c has a larger diameter than the largest diameter of proximal portion 18a. In one
embodiment, distal portion 18¢ has a substantially constant diameter. In one embodiment, distal
portion 1&c has a diameter of about & mm to about 18 mm. In one embodiment, distal portion 18¢
has a diameter of about 13 mm.

[0060] In some embodiments, proximal portion 18a includes a smaller diameter section and a
larger diameter section. In one embodiment, the smaller diameter section 1s about 7 mm to about 11
mm. In one embodiment, the smaller diameter section 18 about 9 mm. In one embodiment, the
larger diameter section 1s about 10 mm. In one embodiment, the larger diameter section 1s about
1.5 mm. Inone embodiment, the larger diameter section 1s about 13 mm. In some embodiments,
at lcast a portion of the larger diameter section 18 hollow. In some embodiments, the smaller
diameter section 1s not hollow. In some embodiments, the smaller diameter section 1s proximal to
the larger diameter section and distal to proximal end 18b. In some embodiments, nail 18 1s
substantially solid. In some embodiments, nail 18 1s hollow or cannulated.

[0061]  In some embodiments, proximal portion 18a mcludes a [rustoconical section 18h
providing a transition between the larger diameter section and the smaller diameter section of the
proximal portion 18a. In some embodiments, frustoconical section 18h 18 located at or proximate
the center of the proximal portion 18a (¢.g., about midway along the length of proximal portion
18a). In some embodiments, the smaller diameter section 1s shorter than the larger diameter section.
In other embodiments, the smaller diameter section 1s longer than the larger diameter section. in
some embodiments, the smaller diameter section and the larger diameter section have lengths that
arc substantially cqual. In somc cmbodiments, nail 18 has a Iength of about 200 mm to about 300
mm.

[0062]  In some embodiments, distal portion 18c 1s configured to be positioned, at least partially,
in talus and calcaneus bones 14, 12 of an ankle of the patient. In some embodiments, distal portion
I8¢ 15 oriented at an oblique angle relative to proximal portion 1¥a to meximize purchase of distal

portion 18¢ mn talus 14 and calcaneus 12 upon implantation of ankle fusion device 10. In some
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embodiments, distal portion 18c 1s configured to be positioned m talus 14 and calcaneus 12 so as to
generally pass through the center of talus 14 and calcaneus 12. In some embodiments, upon
implantation, distal portion 18¢ 1s angled posteriorly and/or laterally relative to proximal portion
18a. In some embodiments, upon implantation, distal portion 18¢ 1s angled posteriorly and/or
laterally relative to a longitudinal axis of the tibia bone.

[0063]  In the exemplary embodiment shown 1n Figs. 2A and 2B, second longitudinal axis L; 18
oriented at an oblique angle relative to first longitudinal axis L m third direction dz at an angle « of
about 15 degrees as projected on to a coronal or x-y plane as shown in Fig. 2A. In the exemplary
embodiment shown, second longitudinal axis Ls is oriented at an oblique angle from first
longitudinal axis L; 1n second direction d, at an angle B of about 10 degrees as projected on to a
sagittal or y-z plane as shown m Fig. 2B. In an example for the embodiment shown, 1f nail 18 were
removed, mverting the left foot 10 degrees and dorsitlexing the foot 15 degrees would co-axially
align second longitudinal axis L, and first longitudinal axis L;. In other embodiments, angle o may
be about 5 degrees, about 6 degrees, about 7 degrees, about § degrees, about 9 degrees, about 10
degrees, about 11 degrees, about 12 degrees, about 13 degrees, about 14 degrees, exactly 15 degrees,
about 16 degrees, about 17 degrees, about 18 degrees, about 19 degrees, about 20 degrees, about 21
degrees, about 22 degrees, about 23 degrees, about 24 degrees, about 25 degrees. In other
embodiments, angle f may be about 1 degree, about 2 degrees, about 3 degrees, about 4 degrees,
about 5 degrees, about 6 degrees, about 7 degrees, about 8 degrees, about 9 degrees, exactly 10
degrees, about 11 degrees, about 12 degrees, about 13 degrees, about 14 degrees, about 16 degrees,
about 17 degrees, aboul 18 degrees, about 19 degrees, about 20 degrees.

[0064]  Referring to Figs. 1A and 1B, fastener holes 22 (e.g., 222a, 222b, 222¢, 222d) extending
through nail 18 are spaced along the length of nail 18 and are configured to receive fasteners 20. In
some embodiments, ankle fusion device 10 includes a plurality of through holes or fastener holes 22,
at least two of which being positioned at different locations along the length of nail 18, such that one
of the at least two fastener holes 22 1s positioned on nail 18 proximally or distally relative to the
other fastener hole 22. In some embodiments, the ankle fusion device 10 includes a plurality of
fastencr holcs 22, at Icast two of which arc positionced at diffcrent radial locations about first and/or
second longitudinal axes L, Ly of nail 1¥. In some embodiments, one or more fastener holes 22 are
positioned such that the central axes (see e.g., Ai-Ag) of each fastener hole 22 are substantially
perpendicular to first and/or second longitudinal axis Ly, L, of nail 18. In some embodiments, one
or more fastener holes 22 are oriented such that the central axes (e.g., Az-Ag) through the one or

more fastener holes 22 are not perpendicular to first and/or second longitudinal axis Ly, L, of nail
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18. In some embodiments, ankle fusion device 10 includes a plurality of fastener holes 22, at least
two of which are differently sized. In some embodiments, ankle fusion device 10 includes a
plurality of fastener holes 22, at least two of which are substantially the same size. In some
embodiments, at least some fastener holes 22 may have elongate openings, for example, elongated
in a distal-proximal direction such that a fastener 20 positioned in such a fastener hole 22 18 capable
of shifting proxmmally or distally within the fastener hole 22. In some embodiments, at least some of
fastener holes 22 (¢.g, fastener hole 222¢ may have substantially circular openings.

[0065]  In one embodiment, a first fastener hole 222a 1s configured to receive a first fastener 20a
for securing nail 18 to calcancus 12 that 1s substantially co-axially aligned with a longest dimension
of calcaneus 12 as shown. In one embodiment, first fastener hole 222a 1s aligned with a central
portion of calcaneus 12. For example, first fastener hole 2222 may be configured and onented to
have a central axis A4 substantially co-axially aligned with a central longitudinal axis of calcancus
2. Co-axial alignment of central axis A4 with a central portion of the calcaneus bone allows first
fastener 222a, 1n some embodiments, to find greater purchase 1n calcancus 12 and to permit a
stronger securement thereto. In one embodiment, the central longitudinal axis of calcancus 12
generally extends 1n an anterior direction. In some embodiments, first fastener 20a has a length
substantially matching the length of calcancus 12 along a central longttudinal axis of calcancus 12.
In some embodiments, first tastener 20a 18 about 70 mm to about 100 mm.

[0066] In one embodiment, a second fastener hole 222b 1s configured to recetve a second
fastener 20b for securing nail 18 to talus 14 that 1s substantially co-axially aligned with a longest
dimension of talus 14 as shown. For example, second [astener hole 222b may be conligured (e.g.,
angled) to have a central axis As substantially co-axially aligned with a central longitudinal axis of
talus 14. In one embodiment, the central longitudinal axis of talus 14 generally extends in an
anterior direction. In one embodiment, the central longitudinal axis of talus 14 generally extends 1n
an anterior-medial direction. Co-axial alignment of the second fastener hole 222b with a central
portion of the talus bone allows the second fastener 20b, 1n some embodiments, to find greater
purchase 1n the talus 14 and to permit a stronger securement thereto. In one embodiment, the central
longitudmal axis of talus 14 gencrally extends 1n an anterior-lateral dircction. In some
embodiments, second tastener 20b has a length substantially matching the length of talus 14 along a
central longitudmal axis of the talus 14. In some embodiments, second fastener 20b 1s about 46 mm
to about 80 mm.

[0067]  Preferably, the central axes of the first and second elongate fastener holes 222a, 222b are

divergent (e.g., as they extend anteriorly), such that the central axes are not parallel and/or not
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coplanar. Furthermore, the first elongate fastener hole 222a may have a different (e.g., larger)
dimension than the second elongate fastener hole 222b, for example, so as to accept larger fasteners
and/or permit greater shifting of the fastener.

[0068]  Referring to Figs. 2A and 2B, 1n one embodiment, first fastener hole 222a 1s elongated
such that first fastener 20a can be translated proximally with respect to second longitudinal axis L
while being parallel with axis A4. In one embodiment, axis A4 1s about 25 degrees to about 35
degrees relative to second longitudinal axis L. In one embodiment, ax1s A4 18 about 30 degrees
relative to second longitudinal axis L;. In one embodiment, second fastener hole 222b 1s elongated
such that second fastener 20b can be translated with respect to second longitudinal axis Ly while
being parallel with axis Az, In one embodiment, axis As 1s about 85 degrees to about 95 degrees
relative to second longitudinal axis Ly. In one embodiment, axis Ay 1s generally perpendicular to
second longitudinal axis L,. In alternative embodiments, first and second fastener holes 222a, 222b
are not elongated such that the respective fastener 20a, 20b generally cannot translate relative to nail
18.

[0069]  Proximal portion 18a mcludes at least one fastener hole 22. In one embodiment,
proximal portion 18a of nail 18 includes a locking or static fastener hole 222¢. In such an
embodiment, the locking fastener hole 222¢ 15 contigured to receive a third tastener 20¢ and sized to
substantially prevent translational movement of third fastener 20c¢ relative to nail 18. In one
embodiment, proximal portion 18a of nail 18 includes a dynamic fastener hole 222d. In one
embodiment, dynamic fastener hole 222d 1s elongated such that nail 18 can be translated proximally
with respect (o a [ourth [astener 20d exlending through dynamic (astener hole 222d. In such an
embodiment and as described 1n further detail below, fourth fastener 20d 1s installed toward the
proximal end of dynamic fastener hole 222d such that nail 18 1s substantially prevented from
moving distally with respect to tibia 16 but allows for a predetermined amount of proximal
movement to allow for, for example, additional compression of the ankle joint. Either one of or both
third fastener 20c and fourth fastener 20d may be used depending on whether it 1s desired to fix nail
18 relative to tibia 16,

[0070]  In onc cmbodiment, dynamic fastencr hole 222d has an axis As such that fourth fastencr
20d can be translated distally with respect to first longitudinal axis L; while being parallel with axis
As  Inone embodiment, axis As 1s substantially perpendicular to first longitudinal axis L in the

coronal or x-y plane as shown 1n Fig. 2B. In one embodiment, locking fastener hole 222¢ has an

ax1s Ag that 1s substantially aligned with third fastener 20c. In one embodiment, axis Ag 18

substantially perpendicular to first longitudinal axis L, 1in the coronal or x-y plane as shown in Fig.
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2B. In one embodiment, axes A; and Ag are substantially parallel to one another. In alternative
embodiments, axes As and Ag may be oriented at oblique angles with respect to first longitudinal
ax1s Ly and/or each other.

[0071]  Referring to Figs. 3 and 4, in embodiments with elongated fasteners holes 222a and/or
222b, nail 18 may mclude a compression mechanism to move two or more of calcaneus 12, talus 14
and tibia 16 closer together. To facilitate compression, in one embodiment, nail 18 includes a bore

1 8e extending proximally from distal end 18d along second longitudinal axis L,. In one
embodiment, bore 18e¢ 1s at least partially threaded. Ankle fusion device 10 may include a
compression screw 324, In one embodiment, compression screw 324 15 configured to be received 1n
bore 18¢ and translate therein along second longitudinal axis L,. In one embodiment, compression
screw 324 includes an engagement portion 324a having a concave surface configured to contact first
tastener 20a when first fastener 20a 1s recetved 1n first fastener hole 222a. In one embodiment,
engagement portion 324a mcludes a projection 324b extending into a groove 18f 1n the bore 18¢ to
prevent the engagement portion 324a from rotating about the second longitudinal axis Ly as the
engagement portion 324a translates proximally up bore 18¢. In an alternative embodiment, bore 18¢
includes a projection that 1s received in a corresponding groove in engagement portion 324a.

[0072]  The compression screw 324 includes a threaded portion 324¢ attachable to engagement
portion 324a. Threaded portion 324¢ includes threads configured to engage the threads of bore 18e.
In one embodiment, threaded portion 324c¢ 1s rotatably attached to engagement portion 324a. In one
embodiment, threaded portion 324¢ includes an engagement member 324d such as, for example a
hexagon socket or slot, [or mating with a screw driver ool 326. As threaded porlion 324¢ 1s rolated,
compression screw 324 advances proximally through bore 18¢ and translates first fastener 20c¢
proximally (¢.g., across first fastener hole 222a). Since first fastener 20a 18 fixed relative to
calcancus 12 and at least one of third and fourth fasteners 20¢, 20d keep nail 18 from being pulled
distally, advancing compression screw 324 moves calcancus 12 proximally toward talus 14.
Similarly, 1f second fastener hole 222b is elongate, advancing compression screw 324 proximally
moves talus 14 toward tibia 16. 1f both first and second fastener holes 222a, 222b are clongate,
advancing comprcssion screw 324 proximally moves both calcancus and talus toward tibia 16 and
compresses all three bones together. In one embodiment, bore 18e extends entirely through distal
portion 18¢. In one embodiment, bore 18¢ extends substantially through the entire nail 18 such that
nail 18 1s generally hollow. In some embodiments, bore 18e extends at least partially through distal
portion 18c¢. In an alternative embodiment, bore 18¢ extends only through distal portion 18¢ that 1s

distal to first fastener hole 222a.
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[0073] Referring to Figs. 3 and 4, ankle fusion device 10, includes, 1n one embodiment, an end
cap screw 428 for closing bore 18¢ after implantation and compression. In one embodiment, end
cap screw 428 18 threaded for engagement of the threads in bore 18¢. In an alternative embodiment,
end cap screw 428 1s not threaded and 1nstead snap fits into bore 18e.

[0074]  In some embodiments, distal end 18d of nail 18 includes a groove or step 18g for
engaging and orienting tools about and relative to second longitudinal axis L, as described in further
detail below. In such embodiments, ankle fusion device 10 may mclude an end cap sleeve 430. End
cap sleeve 430 includes one or more projections 430a on a proximal end that are configured to align
with groove 18g and an end surtace 430b on a distal end that forms the distal most end of ankle
fusion device 10. In one embodiment, end surtace 430b 1s configured to be substantially flush with
the surrounding calcaneus 12 and with the end cap screw 428, proximate the end of bore 18e.

[0075] In some embodiments, 1n order to insert nail 18 mto the calcaneus 12, talus 14 and tibia
16, a path 1s created, ¢.g., by advancing (¢.g., drilling) a hole proximally starting from the bottom of
calcancus 12. Referring to Figs. 5-12, in some embodiments, on¢ or more guidewires are tnserted
through the calcancus 12, talus 14 and tibia 16 to fix reference axes for forming a path for nail 18.
[0076] Referring to Fig. 5, in some embodiments, a gumidewire targeting device 534 1s used in
implanting ankle fusion device 10. The gmdewire targeting device 534 may eliminate the need for
less accurate frechand guidewire msertion techniques that are typically used to install an ankle
arthrodesis. Guidewire targeting device 534 may use the orientation of the patient’s anatomy (e.g.,
tibia 16, talus 14 and/or foot) to position at least one cutting apparatus (e.g., guidewire 1060) up
through calcaneus 12, talus 14 and tibia 16 (see Fig. 10). In one embodiment, guidewire targeling
device 534 1s configured to account for the posterolateral bend of nail 18 as described above and sets
the proper orientation for the drilling and placement of nail 18.

[0077]  In one embodiment, guidewire targeting device 534 includes a frame 536 for at least
partially surrounding the calcaneus 12 and talus 14. In one embodiment, frame 536 includes a target
arm 53% having a guidewire target 538a configured and dimensioned to be inserted between talus 12
and tibia 16 proximate a talar dome 14a (see Figs. 8¢ and 9) of talus 14. In one embodiment, first
slceve arm 540 18 positioned distally from calcancus 12 when the guidewire target 538a 18 inscrted
between talus 14 and tibia 16 proximate talar dome 14a. In one embodiment, gmidewire target 538a
1s a semi-circular indentation 1n the distal end of target arm 538. In alternative embodiments,
gutdewtre target 538a includes a marker that 1s visible using an 1maging device such as but not
limited to a radio-marker that 1s visible using an imaging device and/or a guide such as a slot, a hole

or a projection. In one embodiment, target arm 538 includes one or more downwardly extending
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projections 538b used to aid in aligning guidewire target 538a with a center or apex 14b of talar
dome 14a. In one embodiment, projections 338b include a pair of projections 538b positioned on
either side of guidewire target 538a. In one embodiment, the distal end of target arm 538 1s thinner
than the remainder of the frame 536 such that target arm 538 fits more casily between talus 14 and
tibta 16 while maintaining the strength of the remainder of frame 536.

[0078]  In order to align a first guidewire axis Ay with the guidewire target 538a, 1n one
embodiment, frame 536 includes a first sleeve arm 540. In one embodiment, first sleeve arm 540
includes a proximal side facing towards target arm 538 and a distal side opposite the proximal side.
In one embodiment, frame 536 1s substantially C-shaped. In one embodiment, frame 536 1s bent or
at least arcuate such that target arm 338 extends above talar dome 14a while first sleeve arm 540
extends under calcaneus [2. In one embodiment, target arm 338 and first sleeve arm 540 are
substantially parallel. In one embodiment, first sleeve arm 540 includes a first guidewire sleeve 542.
In one embodiment, first guidewire sleeve 542 18 integral with first sleeve arm 540, In one
embodiment, first guidewire sleeve 542 1s detachable from first sleeve arm 540. In one
embodiment, first gumidewire sleeve 542 1s positioned at or proximate a free end of first sleeve arm
540. In one embodiment, at least a portion of first gumidewire sleeve 542 extends from the proximal
side of first sleeve arm 540. In one embodiment, at [cast a portion of first guidewire sleeve 542
extends from the distal side of first sleeve arm 540. In one embodiment, first guidewire sleeve 542
extends from the proximal side and the distal side of first sleeve arm 540. In onc embodiment, first
guidewire sleeve 542 1s fixed in position relative to guidewire target 538a. In one embodiment, a
central longitudinal axis ol first guidewire sleeve 542 1s conligured (o co-axially align with [irst
guidewire axis A;. In one embodiment, first guidewire sleeve 542 1s fixed 1n position relative to
target arm 538. In one embodiment, first guidewire sleeve 542 1s radially disposed about first
ouidewire axis A;. In one embodiment, first guidewire axis A 1s aligned with guidewire target
S3%a.

[0079]  In order to co-axially align first guidewire axis A; with first longitudinal axis L,
guidewire targeting device 534 may be aligned with and/or attached to at Ieast one anatomical
fcaturc of the patient. In onc cmbodiment, the at Icast onc anatomical featurc 1s tibia 16. In onc
embodiment, guidewire targeting device 534 includes a tibial member or alignment guide 544. In
onc embodiment, tibial alignment guide 544 1s engaged with frame 536 and 1s configured to extend
proximally therefrom along a longitudinal axis substantially parallel to the first guidewire axis A;.
In one embodimment, tibial alignment guide 544 15 attached to target arm 53%8. In one embodiment,

tibial alignment guide 544 1s moveably attached to frame 536 using a fastener 544b. In one
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embodiment, tibial alignment guide 544 1s moveably attached to frame 536 using a star grind
fastener such that tibial alignment guide 544 may be positioned relative to tibia 16 and frame 536
may be independently rotated about first longitudinal axis L; and then locked mn position relative to
tibial alignment guide 544 once in the appropriate position. In one embodiment, the position of
frame 536 relative to tibial alignment guide 544 1s adjustable but generally set by the surgeon prior
to attaching to the patient. In one embodiment, the position of frame 536 relative to tibial alignment
cuide 544 1s adjustable once guidewire targeting device 534 has been attached to the patient. In one
embodiment, the position of frame 536 relative to tibial alignment guide 544 1s radially adjustable.
In alternative embodiments, transverse member 546 1s tixed to frame 536.

[0080]  To further aid m positioning guidewire targeting device 534, tibial alignment guide 544
may include a transverse member 546. In some embodiments, transverse member 546 extends
generally perpendicularly from tibial alignment guide 544. In one embodiment, transverse member
546 18 configured to have a curvature about first guidewire axis Az, such that the transverse member
546 wraps at least partially around the leg during use. In one embodiment, the transverse member
546 1s positionable at different locations along a length of tibial alignment guide 544 to aid in
aligning first guide wire axis Ay with first longitudinal axis L; during use as described further below.
In one embodiment, tibial alignment guide 544 includes a longitudinal slot 544a extending at Icast
partially along a length of tibial alignment guide 544. In one embodiment, transverse member 546
includes a tastener 546a such as a screw knob that extends through longitudinal slot 544a. In
alternative embodiments, transverse member 546 may be movable attached to or fixedly attached
but moveable relative to tibial alignment guide 544 in any manner, In one embodiment, instead of a
longitudinal slot 544a, tibal alignment guide 544 includes a plurality of holes. In an alternative
embodiment, transverse member 346 1s fixed relative to or integral with tibial alignment guide 544.
[0081]  In one embodiment, transverse member 546 1s bendable or conformable such that the
surgeon can shape transverse member 546 to the shape of the patient’s leg. In one embodiment,
transverse member 346 includes an attachment member (not shown) such as, for example, a Velcro
strap and/or ¢lastic band that is configured to attached to the patient’s leg. In one embodiment,
framc 536 and/or transverse membcer 546 may be attached to tibial alignment guide 544 1n the
opposite facing direction for use with the right ankle.

[0082]  In one embodiment, frame 536 and/or tibial alignment guide 544 includes indicia (not
shown) to indicate the proper orientation of or connection between components ot guidewire
targeting device 534 for the left and right foot. In one embodiment, frame 536 and/or transverse

member 546 includes indicia (not shown) to indicate the general position frame 536 should be
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oriented to tibial alignment guide 544 depending on the position of the patient during surgery. In
one embodiment, transverse member 545 includes indicia 546b, 546c¢ to indicate the proper
orientation for the left and right foot. In the embodiment 1llustrated, transverse member 546 18
shaped for use when the patient 1s in the supime position. In some embodiments, a differently
shaped transverse member 546 may be provided for patients in the prone position. In alternative
embodiments, a single transverse member 546 1s provided and frame 536 may be attached to tibial
alignment guide 544 1n a radial orientation relative to tibial alignment guide 544 depending on the
position of the patient.

[0083] In onec embodiment, transverse member 546 includes a first alignment member 546d tfor
aligning with the first longitudinal axis L; and/or first guidewire 1060 as described further below. In
one embodiment, transverse member 546 includes a second alignment member 546e for ahgning
with first longitudinal axis L; and/or first guidewire 1060. In one embodiment, first and/or second
alignment members 546d, 546¢ are configured and positioned to intersect with a plane aligned with
the first guidewire axis A;. In one embodiment, first and second alignment members 546d, 546¢
include indents or bends 1n the transverse member 546. In one embodiment, first and second
alignment members 546d, 546e include one or more projections and/or grooves 1n the transverse
member 546. In alternative embodiments, first and second alignment members 546d, 546¢ mclude a
marker that 18 visible using an imaging device such as but not limited to a radio-marker that 1s
visible using an imaging device. In some embodiments, the horizontal thickness of first and second
alignment members 546d, 546¢ 1s generally equal to a thickness of first gmidewire 1060. In one
embodiment, [irst alignment member 546d 1s positioned along the length of transverse member 546
such that first alignment member 546d aligns with first longitudinal axis L; from a lateral view of
tibia 16 and second alignment member 546¢ 18 positioned along the length of transverse member
546¢ such that second alignment member 546¢ aligns with first longitudinal axis L; from an anterior
view of tibta 16. In one embodiment, aligning first and second alignment member 546¢ with first
longitudinal axis L; from two directions helps to ensure that tibial alignment guide 534 1s
substantially parallel with first longitudinal axis L.

[0084]  Rcferring to Figs. 6 and 7, guidcwirc targeting device 534 may mcludce a sccond
emdewire template 648 for use with a second guidewire 1262. Second guidewire template 648 1s
configured to align a second guidewire axis Ag with the guidewire target 538a. Second guidewire
template 648 ncludes a second position sleeve 648a radially disposed about a second guidewire axis
Ag. In one embodiment, first guidewire sleeve 542 1s used to co-axially align first guidewire axis A

with first longitudinal axis L; and second position sleeve 648a 1s used to co-axially align second
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guidewire axis Ag with the desired position of second longitudinal axis Ly. In one embodiment,
guidewire targeting device 534 15 configured to position second longitudinal axis L;. In one
embodiment, guidewire targeting device 534 1s configured to align first longitudinal axis L; with the
central longitudnal axis of tibia 16 and guidewire targeting device 534 1s configured to position
second longitudinal axis L, in a preselected orientation with respect to the position of first
longitudmal axis L. In one embodiment, the preselected orientation 1s based on the shape of nail
18.

[0085]  Second guidewire template 648 (see, e.g., Fig., 6) may be integral, moveable and/or
detachable with frame 536. In one embodiment, second guidewire template 648 1s removably
attached to first sleeve arm 540. In one embodiment, second guidewire template 648 18 positioned
distally with respect to frame 536. In one embodiment, second guidewire template 648 1s
configured to abut the distal side of first sleeve arm 540. In one embodiment, second guidewire
template 648 18 positioned such that at least a portion of first sleeve arm 540 18 located between
second guidewire template 648 and target arm 538. In other embodiments, at least a portion of
second guidewire template 648 1s positioned between target arm 538 and first sleeve arm 540. In
one embodiment, second guidewire template 648 includes an attachment sleeve 648c. In one
embodiment, attachment sleeve 64€c¢ 15 configured and dimensioned to engage with at least a
portion of first guidewire sleeve 542. In one embodiment, attachment sleeve 648c 1s configured to
engage with a portion of first guidewire sleeve 542 that extends from the distal side of first sleeve
arm 540. In one embodiment, attachment sleeve 648c 1s compression fit over first guidewire sleeve
542 such that atlachment sleeve 648c 1s moveable with respect Lo [irst guidewire sleeve 342 bul
remains in place relative to tirst guidewire sleeve 542 after first gmdewire sleeve 542 15 positioned
and released by the surgeon. In one embodiment, attachment sleeve 648c¢ snap fits onto first
euidewire sleeve 542 such that movement of attachment sleeve 648c¢ 1s retained along first
cguidewire axis A7 but 1s free to rotate about first guidewire axis A;. In one embodiment, second
position sleeve 648a 1s configured to rotate about first guidewire axis A;. In one embodiment,
second position sleeve 648a 15 translatable along an arc about first guidewire axis A,

[0086] In onc cmbodiment, sccond position slccve 648a 18 contfigurcd to be a retaincr for
recerving and aligning a second guidewire sleeve 1232 (see, ¢.g., I'ig. 12) along second gmdewire
axis Ag. In an alternative embodiment, second guidewire sleeve 1252 1s integral with second
position sleeve 64%a.

[0087]  Second guidewire template 648 may include an alignment arm 648b for positioning

second guidewire axis Ag relative to first longitudinal axis L; by aligning alignment arm 648b
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relative to an anatomical feature of the patient. In embodiments where second guidewire template
64% 1s moveable with respect to frame 536, alignment arm 648b may be used to position second
guidewire axis Ag relative to first guidewire axis Ay and relative to first longitudinal axis L, by
aligning alignment arm 648b relative to an anatomical feature of the patient. In one embodiment,
second guidewire template 648 15 configured such that second guidewire axis Ag 1S substantially
aligned with guidewire target 538a and/or center 14b of talar dome 14a when alignment arm 648b 1s
aligned with a pre-selected anatomical feature of the patient. In one embodiment, alignment arm
648b extends generally perpendicularly from first guidewire axis A7. In one embodiment, the pre-
selected anatomical feature aligned with the alignment arm 648b 1s generally perpendicular to the
central axis of tibia 16 (i.e., first longitudinal axis L;). In one embodiment, the pre-selected
anatomical feature 1s a second metatarsal bone 1150 (see Fig. 11). In one embodiment, alignment
arm 64&b 1s aligned to be substantially parallel with second metatarsal 1150 to determine the
position of second guidewire axis Ag. In alternative embodiments, the pre-selected anatomical
feature 15 any one of the elongated bones in the foot.

[0088]  Referring to Figs. 8A-8B, 1n an exemplary embodiment in use, guidewire targeting
device 534 1s used to prepare the ankle for insertion of ankle fusion device 10. First and second
gutdewires 1060, 1262 may be used to properly align nail 18 with the patient’s anatomy. In one
embodiment, first guidewire 1060 1s generally aligned with first longitudinal axis L (e.g., the
central longitudinal axis of tibia 16) and second guidewire 1262 1s generally aligned with the
position of second longitudinal axis L, once nail 18 1s implanted (e.g., at an oblique angle relative to
first longitudinal axis Ly). In one embodiment, (irst and second guidewires 1060, 1262 are used in
order to form a cutting path corresponding to the bent shape of nail 18 using two generally straight
lines. In alternative embodiments, a single guidewire may be used if the guidewire bends during
insertion or 1f the foot 1s positioned such that the paths for the first and second longitudinal axes L;,
L, ar¢ co-axially aligned during insertion of the guidewire. In one embodiment, the use of first and
second guidewires 1060, 1262 allows for more accurate alignment with first and second longitudinal
axes Ly, Ly since first guidewire 1060 18 used to co-axially align with first longitudinal axis L; using
anatomical fcaturcs such as the talar dome 14a and the tibia 16 and the sccond wire 1262 can be
positioned relative to the first gmdewire 1062 (or the path created by the tirst guidewire).

[0089]  Before beginning the procedure, the position of the patient may be determined based on
the type of arthrodesis procedure performed and the discretion of the surgeon. In one embodiment,
the patient 1s placed in the prone position. In another embodiment, the patient 15 placed 1n the supine

position. In some embodiments, for example, with a patient in the prone position, guidewire

19



10

15

20

25

30

(CA 02783553 2012-06-07

WO 2011/072249 PCT/US2010/059937

targeting device 534 1s placed 1n the posterior (not shown) or posterolateral position (the position
shown 1n the exemplary embodiment of Figs. 8A-12). In alternative embodiments, for example,
where a patient 18 1n the supine position, the guidewire targeting device 534 may be placed 1n the
anterolateral position.

[0090]  Referring to Figs. 8A-8C and 9, the foot may be oriented relative to tibia 16 1n the
position that the ankle 1s to be fixed in place. In one embodiment, the ankle 1s placed n a neutral
position. In other embodiments, the ankle 18 placed 1n about 2 to about 3 degrees dorsi tlexion.
Once the ankle 1s in the desired position, guidewire target 538a 1s mserted between talus 14 and tibia
16. In one embodiment, guidewire target 538a 1s placed proximate talar dome 14a (see Fig. 9). In
one embodiment, guidewire target 538a 1s placed proximate center 14b of talar dome 14a. In one
embodiment, guidewire target 538a 1s positioned generally directly above center 14b of talar dome
14a. In one embodiment, center 14b of talar dome 14a 15 aligned with first longitudinal axis L; and
the central axis of tibia 16. In one embodiment, projections 538b are positioned on either side of
center 14b of talar dome 14a. In one embodiment, the position of guidewire target 538a relative to
talus 14 1s viewed using imaging such as fluoroscopic imaging.

[0091]  In addition to positioning guidewire target 538a relative to talus 14, first guidewire
sleeve 542 15 positioned under calcaneus such that first guidewire axis A; generally aligns with
guidewrre target 538a. In one embodiment, first guidewire sleeve 542 1s positioned so that first
cguidewrre sleeve 542 aligns exactly with guidewire target 538a. In one embodiment, first guidewire
sleeve 542 1s positioned so that first guidewire axis A5 1s aligned with center 14b of talar dome 14a.
In one embodiment, tibial alignment guide 544 1s used Lo help align the first guidewire axis A7 with
first longitudinal axis L; by positioning tibial alignment guide 544 substantially parallel with tibia
16. In one embodiment, first alignment member 546d and/or second alignment member 346¢ are
aligned with first longitudinal axis L; 1n the lateral and anterior views, respectively, to position tibial
alignment guide 544 substantially parallel with tibia 16.

[0092]  In one embodiment, tibial alignment guide 544 1s positioned relative to first longitudinal
ax1s L; by sliding or otherwise positioning transverse member 546 along the length of tibial
alignment guide 544 and 1n contact with the outer surface of the Ieg. In onc ecmbodiment, transversce
member 546 prevents guidewire targeting device 534 from moving with respect to the patient. In
one embodiment, without transverse member 546, guidewire targeting device 534 would pivot
laterally and posteriorly relative to guidewire target 538a caused by the weight of guidewire
targeting device 534. In one embodiment, transverse member 546 counters any pivot of guidewire

targeting device 534 with respect to the guidewire target 538a. Due to the shape of the leg, in one
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embodiment, moving transverse member 546 along the length of tibial alignment guide 544 alters
the orientation of first guidewire axis A, 1n a first plane until first guidewire axis A5 18 aligned with
first longitudinal axis L;. In one embodiment, the curvature of transverse member 546 keeps first
ouldewire axis A7 aligned with first longitudinal axis L 1n a second plane, the second plane being
generally perpendicular to the first plane.

[0093] Referring to Fig. 10, once first guidewire axis A7 1s 1n the desired position, a first
eguidewire 1060 1s advanced proximally through first guidewire sleeve 542, along first guide wire
axis A7, through calcaneus 12 and talus 14 and into the distal end of tibia 16. In one embodiment,
the placement and guidance of tirst guidewire 1060 1s monitored using the imaging device. In one
embodiment, the guidance of first guidewire 1060 18 monitored using the imaging device from
lateral and mortise views. In one embodiment, first guidewire 1060 18 aligned with first alignment
member 546d and/or second alignment member 546¢ in the lateral and anterior views, respectively.
Advancement of the first guidewire 1060 along first guidewire axis Az, 1n some embodiments,
creates a channel 1in the distal end of tibia 16 substantially aligned with first longitudinal axis L;.
[0094]  Referring to Fig. 11, 1f second guidewire template 648 1s not already coupled with frame
536, second guidewire template 648 1s attached to guidewire targeting device 534. In one
embodiment, second guidewire template 648 include indicia 648d (see Fig. 6) such as the word
“Left” and/or color coding to indicate the appropriate lett or right foot. Once the second guidewire
template 648 1s attached to guidewire targeting device 534, second guidewire template 648 may be
positioned relative to frame 536 and/or first guidewire axis A5 by aligning alignment arm 648b with
an analomical [eature ol the patient such as second metatarsal 1150, Once second guidewtre
template 648 18 in place second guidewire axis Ag generally aligns with guidewire target 538a and 18
co-axial with where second longitudinal axis L, will be. In one embodiment, once second guidewire
template 648 1s in place, second guidewire axis Ag generally aligns with the anterior margin of the
plantar aspect of the calcaneal tuberosity equidistant from the medial and lateral wall of calcancus
12.

[0095]  Referrimg to Fig. 12, in one embodiment, second guidewire sleeve 1252 18 mserted into
sccond position slceve 648a 1f sccond guidewire slecve 1252 18 not alrcady attached. In onc
embodiment, second guidewire 1262 1s advanced proximally through second guidewnre sleeve 1252,
through calcaneus 12 and talus 14 proximate the gmidewire target 538a. In one embodiment, the
position of second guidewire 1060 during msertion 1s monitored using the imaging device from

lateral and mortise views.
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[0096]  Referring to Fig. 13, in one embodiment, once second guidewire 1262 1s i position, first
cgutdewire 1062 and guidewire targeting device 534 are removed such that only second guidewire
1262 remains. In one embodiment, a cannulated drill 1356 1s mnserted over the second guidewire
1262. In alternative embodiments, the guidewire targeting device 534 1s left 1n place, the second
egutdewire 1262 15 removed and a drill 1s guided along second guidewire axis As.

[0097]  Referrmg to Fig. 14, i one embodiment, once the cannulated drill 1356 has been
advanced proximate the talar dome 14a, the foot 1s positioned such that second gmdewire 1262
aligns with first longitudinal axis Li. In some embodiments, the foot 1s positioned such that second
outdewire 1262 1s substantially aligned with a longitudinal axis of tibia 16. In some embodiments,
positioning the foot includes angling the foot relative to tibia 16 such that second guidewire 1262 1s
substantially aligned with the channel created 1n the distal end of tibia 16 by the first guidewire
1060. In some embodiments, second guidewire 1262 1S then advanced nto the channel created in
the distal end of tibia 16 by the first guidewire 1060. In one embodiment, a protection sleeve 1458
18 mserted over second guidewire 1262 to aid 1n positioning the foot and protects the cannulated drill
1356. In one embodiment, the foot 1s dorsiflexed about 15 degrees and inverted 10 degrees. In one
embodiment, once the foot has been repositioned, cannulated drill 1356 1s advanced into tibia 16
over second gurdewire 1262.

[0098]  Referring to Fig. 15, in one embodiment, once the cannulated drill 1356 and second
guidewire 1262 are removed, 1t may be desirable to ream the canal of tibia 16. In one embodiment,
a reamer 1564 1s inserted through the path created by the cannulated dnll 1356. A narrow tibial
canal may hinder insertion of nail 18. In one embodiment, progressive reaming ol the tibial canal 1s
pertormed using reamers having cross sectional widths of about 0.5 mm to about I mm larger than
the diameter of nail 18.

[0099] Referring to Fig. 16, once the pathway has been drilled, nail 18 may be inserted
proximally through calcancus 12 and talus 14 and into tibia 16. In one embodiment, an insertion
handle 1666 1s attached to distal end 18d of nail 18 to aid in insertion of nail 18. Insertion handle
1666 18 configured to align with the at least one groove 18g m nail 18 so that the radial position of
inscrtion handlc 1666 18 fixed relative to distal portion 18¢ of nail 18. In onc cmbodiment, 1nscrtion
handle 1666 1s coupled to distal portion 18¢ of nail 18 using a threaded connecting screw (not
shown) that extends upwardly into bore 18¢ of nail 18. In one embodiment, nail 18 1s inserted as far
as possible by gripping the insertion handle and pushing nail 18 upwardly across the ankle joint. In
one embodiment, a driving cap 1668 may be coupled to msertion handle 1666. In some

embodiments, driving cap 1668 includes a distal end surface to which a force may be applied to

22



10

15

20

25

30

(CA 02783553 2012-06-07

WO 2011/072249 PCT/US2010/059937

facilitate msertion of nail 18. Once nail 18 has been 1nserted, 1n one embodiment, nail 18 1s rotated
Into 1ts fmal position using the driving cap 1668 and insertion handle 1666. In one embodiment,
placement of nail 18 is guided and monitored using the imaging device.

[00100] Referring to Figs. 17-20, once nail 18 15 1n place, in some embodiments, an aiming arm
1870 15 attached to mnsertion handle 1666. The aiming arm 1870 may be used to insert some or all of
fasteners 22 relative to the position of nail 18. In one embodiment, insertion handle 1666 includes
one or more longitudinally extending alignment features 1666a such a groove or projection. In one
embodiment, alignment feature 1666a includes a plurality of grooves spaced circumferentially
around insertion handle 1666. In one embodiment, insertion handle 1666 includes a plurality of
indicia 1666b spaced radially around the insertion handle 1666. In one embodiment, indicia 1666b
are used to mdicate the position of aiming arm 1870 relative to first and second longitudinal axes L,
L,. In one embodiment, ndicia 1666b includes markings such as letters that correspond to
respective fasteners 20. For example, when aiming arm 1870 1s aligned with first fastener hole 22a,
indicia 1666b may show “C” through a viewing window 1n aiming arm 1870 to indicate that the hole
marked “Calcancus Screw’ for calcaneus 12 should be used with the appropriate drill 1874a, drill
sleeve 1872a and screw 20a.

00101] In embodiments using a compression screw, first tastener 20a 15 inserted into the most
distal end of first fastener hole 22a. In such embodiments, second fastencer 20b 1s 1nserted mto the
most distal end of second tastener hole 22b. For the third and fourth fasteners 20c¢, 20d, in one
embodiment, there are three options 1) static locking, 2) dynamic locking and 3) originally static
with the option {o later make dynamic. In one embodiment, 1l static locking only 1s desired, third
tfastener 20c 18 mserted into third fastener hole 20c¢ to prevent nail 18 from moving relative to tibia
16. In one embodiment, if dynamic locking only 1s desired, fourth fastener 20d is mserted into the
most proximal end of fourth fastener hole 22d. In one embodiment, 1f 1t 15 desired to have nail 18 be
static but keep the option to later make dynamic, fourth fastener 20d 1s inserted into the most
proximal end of fourth fastener hole 22d and third fastener 20c 1s mserted mto third fastener hole
20¢. Such an embodiment prevents nail 18 from moving relative to tibia 18 until third fastener 20c¢
18 rcmovcd at which point nail 18 may move proximally up tibia 16 1f calcancus 12 and/or talus 14
arc compressed further toward tibia 16 (e.g., 1 bone graft compresses).

[00102] Referrmg to Fig. 21, once ankle fusion device 10 has been implanted, m embodiments
having a compression configuration, compression screw 324 may be driven proximally through bore
I8¢ usig a screw driver 326. In one embodiment, as compression screw 324 1s driven proximally,

compression screw 324 engages first fastener 22a. Since calcaneus 12 1s fixed relative to first
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fastener 22a and nail 18 1s prevented from moving distal due third and/or fourth fasteners 22¢, 22d,
the calcancus 18 shifted proximally toward tibia 16. In one embodiment, once calcancus 12 engages
talus 14, 1n embodiments with an ¢longated second fastener hole 22b, both calcancus 12 and talus 14
are shifted proximally toward tibia 16.

[00103] Referring to Fig. 22, once compression screw 324 15 adjusted, 1n one embodiment, end
cap sleeve 430 and end cap screw 428 may be inserted into distal end 18d of nail 18 to seal bore
183.

[00104] Figs. 23A-23D 1llustrate an exemplary ankle fusion device 10 after installation. In one
embodiment, ankle fusion device 10 1s left implanted in the patient until calcaneus 12, talus 14
and/or tibia 16 are sufficiently fused together.

[00105] Referring to Fig. 24, in one embodiment, once fusion 1s complete or 1t 18 otherwise
desired to remove ankle fusion device 10, an extraction tool 2576 may be used to assist 1n distracting
nail 18 from the patient. In one embodiment, after removing fasteners 20 and end cap sleeve 430
and end cap screw 428, extraction tool 2576 1s threadably attached to distal end 18d of nail 18. In
one embodiment, extraction tool 2576 15 pulled and/or hammered distally to remove nail 18.

[00106] In one embodiment, there 1s a kit for performing the ankle arthrodeses described herein.
Such a kit may include one or more of ¢ach of the instruments, tasteners and/or implantable devices
described herem. In one embodiment, a kit for performing ankle arthrodesis includes nail 18, one or
more fasteners 20, guidewire targeting device 534, and at Ieast one guidewire 1060. In one
embodiment, a kit for performing ankle arthrodesis includes nail 18, one or more fasteners 20,
gutdewire largeting device 534, [irst guidewire 1060 and second guidewire 1062, In one
embodiment, a kit for performing ankle arthrodesis includes guidewire targeting device 534, and at
least one guidewire 1060. In one embodiment, a kit for performing ankle arthrodesis includes
euidewire targeting device 534, at least one guidewire 1060, and aiming arm 1870.

[00107] It will be appreciated by those skilled in the art that changes could be made to the
exemplary embodiments shown and described above without departing from the broad inventive
concept thercof. It 15 understood, therefore, that this invention 18 not limited to the exemplary
cmbodiments shown and described, but 1t 18 mtended to cover modifications within the spirit and
scope of the present invention as defined by the claims. TFor example, specific features of the
exemplary embodiments may or may not be part of the claimed invention and features of the

disclosed embodiments may be combined. Unless specifically set torth herein, the terms “a”, “an

and “the” are not limited to one element but mstead should be read as meaning “at least one”.
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[00108] It 1s to be understood that at least some of the figures and descriptions of the invention
have been simplified to focus on elements that are relevant for a clear understanding of the
invention, while elimmating, for purposes of clarity, other elements that those of ordinary skill 1n the
art will appreciate may also comprise a portion of the invention. However, because such elements
arc well known in the art, and because they do not necessarily facilitate a better understanding of the
invention, a description of such elements 1s not provided herein.

[00109] Further, to the extent that the method does not rely on the particular order of steps set
forth herein, the particular order of the steps should not be construed as limitation on the claims.
The claims directed to the method of the present invention should not be limited to the performance
of their steps 1n the order written, and one skilled m the art can readily appreciate that the steps may

be varied and still remain within the spint and scope of the present invention.
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C1L.AIMS
[/We clamm :

. An intramedullary nail for ankle fusion comprising :

a proximal portion generally extending along a first longitudinal axis, the proximal
portion including a proximal end and a first fastener hole. the proximal portion having an
acurate curve such that the proximal ¢nd 1s spaced a distance trom the first longitudinal axis
n a trst dircction. the first fastener hole contipured 1o reccive a first fastener along a first
lastener axis: and

a distal portion extending to a distal end from the proximal portion along a sccond
longitudinal axis, the second longitudinal axis being angled in second and third directions
relative to the first longitudinal axis, the second direction being perpendicular to the first
dircction and the third direction being opposite the first direction, the distal portion including

a second fastener hole configured to receive a second fastener along a second fastener axis.

2 Fhe mtramedullary nail for ankle fuston ot claim 1. whercm the second tastener hole
1s clongate and the distal portion turther includes:

a bore extending proximally from the distal end along the sccond tongitudinal axis,
the bore being at least partially threaded; and

an clongate third fastener hole configured to receive a third fastener along a third
fastener axis.
3. The intramedullary nail for ankle fusion of ¢laim 2. further comprising a compression
screw configured 1o be recerved in the bore and translate therein along the second

longitudinal axis.

4, The intramedullary nail for ankle fusion of ¢laim 3, whercin the compression screw
includes an engagement portion having a concave surface contigurced to contact the third
tastener when the third fastener 1s recerved 1 the third lastener hole. and a threaded portion
attachable to the engagement portion and having external threads configured 1o engage the

threads of the bore.

. The intramedullary nail for ankle fusion of ¢claim 2. wherein the bore does not extend

through the entire distal portion.



CA 2783553 2017-04-11

6. T'he intramedullary nail for ankle fusion of ¢laim 2 turther comprising:
an end cap set serew having a closed distal end and external screws configured to

cngage the threads ol the bore.

7. The intramedullary nail for ankle fusion of claim 1. wherein the distal portion includes

a third fastener hole configured to reccive a third fastener along a third fastencer axis.

3. The intramedullary nail for ankle fusion of claim 7. wherein the second fastener axis

s oriented at an oblique angle relative o the third fastencer axas.

0. The intramedullary nail for ankle fusion of ¢claim 7. wherein the sccond fastener axis

and the third fastener axis Lie on planes that arc parallel to onc another.

10.  'The intramedullary nail for ankle fusion of claim 7, wherein the third fastener axis is
configured to be substantially aligned with a longest dimension of a talus once the

mntramedullary nail tor ankle fuston 1s implanted.

11, The mramedullary nail for ankle fusion of claim 1. wherein the proximal portion
‘urther comprises a fourth tastener hole configured to receive a tourth tastener along a fourth

fastener axis.

[2.  'The mtramedullary nail for ankle fusion of ¢claim 11, whercin the fourth fastener axis

and the first fastener axis are substantially parallel,

15, The mmtramedullary nail for ankle tusion ol ¢laim 11. wherein the fourth fastener hole

15 ¢longate.

4. The intramedullary nail for ankle fusion of claim 1, wherein the distal end includes a
truncated surface that 1s generally perpendicular to the first longitudinal axis and oriented at

an oblique angle relative to the second longitudinal axis.

5. The intramedullary nail tor ankle fusion of claim 1. wherein the sccond fastencr axis
15 contigured 1o be substantially aligned with a longest dimension of a calcancus bone once

the mtramedullary natl for ankle fusion 1s implanted.
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16.  The intramedullary natl for ankle fusion of claim 1. wherein the intramedullary nail
for ankle fusion 1s configured and dimensioned such that once the intramedullary nail for
ankle fusion is implanted in a body the proximal portion extends into a tibia, the distal
portion extends through a calcancus. the first direction 1s in an anterior direction. the second

direction 1s in a lateral direction and the third direction 1s 1n a posterior direction.

17.  The intramedullary nail for ankle fuston of claim 1., wherein the entire proximal

portion is accurate in the first direction.

18.  The intramedullary nail for ankle fusion of claim 1. wherein the proximal portion 1s

lcast partially cannulated.

19, The intramedullary nail for ankle fusion of ¢laim 1. wherein the proximal portion is

substanually solid.
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