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ORTHOPEDIC DEVICE

CLAIM FOR PRIORITY
This application claims priority under 35 U.S.C. §119(e) to U.S. Patent
Application Serial No. 60/790,828 filed on April 11, 2006, and U.S. Patent Application
Serial No. 11/693,898 filed on March 30, 2007, each of which is hereby incorporated by

reference.

TECHNICAL FIELD

This invention relates generally to an orthopedic device.

BACKGROUND

Some patients suffer from various conditions which require at least a portion of an
ankle joint to be effectively immobilized. Such conditions include severe arthritis,
infection and/or avascular necrosis of one or more bones in the region, congenital
deformity of the tibio-talar or talocalcaneal joint or certain types of neuropathy. In all of
these conditions, any motion of the bones relative to each other can cause severe pain in
the foot or ankle to a point where a patient becomes effectively unable to walk or put any
pressure on that foot. Accordingly, immobilization of the ankle joint becomes an option
for the patient to begin walking without excruciating pain in the ankle and foot.

Immobilization of an ankle joint is usually done by inserting one or more rigid
rods or pins into one or more bones in the ankle and in the hindfoot portion of the foot.
This permanently affixes certain bones to other bones. The medical term for this type of
permanent bone fixation is ankle arthrodesis. In a normal ankle joint, because of the
placement of the bones, a straight rod which passes vertically through the calcaneus and

into the tibia will normally pass through the talus.

SUMMARY
Rod and pin structures that have been developed for ankle arthrodesis can suffer
from various limitations. Some patients who have had the old rod and pin devices
inserted into their ankles have suffered from problems involving relative motion between
the supposedly affixed tibial and calcaneal bones. This can lead to substantial pain in the

affixed joint, and to instability when the patient is walking or standing. It can also lead to
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additional damage inside the joint, as the screws or other components rub and grind
against one or more bones, which are often weakened and relatively soft in patients with
severe joint or bone problems. Additionally the anatomic alignment of the hindfoot is not
suited for the introduction of straight rod as there is a bend from the plantar portion of the
calcaneus to the body of the talus and into the medullary canal of the tibia.

Accordingly, there is a need for an improved type of ankle arthrodesis assembly,
which provides better and more stable and reliable fixation of the ankle and hindfoot in
patients who need such treatment due to injury or disease of the foot or ankle.

A surgical implant and surgical implant kit, for use in ankle arthrodesis in patients
who suffer from severe bone defects in their ankle, and a method of establishing ankle
arthrodests in a subject using an ankle arthrodesis nail having a bend is provided.

In one aspect, an ankle arthrodesis nail includes a rigid round tibio-talo-calcaneal
rod having a distal portion and a proximal portion and a bend in the distal portion. The
rod further includes proximal and distal holes for locking screws. The rod can have a
bend in the proximal portion. The bend in the proximal portion and the bend in the distal
portion can create an offset between the ends of the nail. The bend can be configured to
match an anatomic alignment of a hindfoot. The bend can be at angle of between 5 and
20 degrees. The rod can have a diameter of between 10 to 13 mm. The rod can have a
length of between 15 to 30 cm. The nail includes a rigid round tibio-talo-~calcaneal rod
having a bend in the distal portion and the rod further includes proximal and distal holes
for locking screws.

In another aspect, a surgical implant kit includes an arthrodesis nail that includes a
rigid round tibio-talo-calcaneal rod having a bend in the distal portion, the rod further
including proximal and distal holes for locking screws, and posterior to anterior locking
screws wherein the nail and the screws are configured to lock together to create a
compression across ankle joints to aid in arthrodesis. The surgical implant kit can further
include a precontoured guidewire to match the bend of the nail to provide a guide for
reaming the opening for the insertion of the nail. The kit can also include a flexible
reamer that is configured to pass over the guidewire. The kit can include a rod that has a
bend in the proximal portion. The bend in the proximal portion and the bend in the distal
portion can create an offset between the ends of the nail. The bend.can be configured to

match an anatomic alignment of a hindfoot. The bend can be at angle of between 5 to 20
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degrees. The rod can have a diameter of between 10 to 13 mm. The rod can have a
length of between 15 to 30 cm.

In another aspect, a method of establishing ankle arthrodesis in a subject, includes
making an opening hole in the body of the calcaneus, talus and tibia, inserting an
arthrodesis nail in the plantar portion of the heel from the calcaneus into the talus and
tibia and locking the nail in the calcaneus bone with posterior to anterior locking screws
to aid in arthrodesis. The method can further include using a guidewire to match the bend
of the nail to provide a guide for reaming the opening for the insertion of the nail. The
method can include using a flexible reamer to pass over the guidewire to open the tibial
canal.

The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and from

the claims.

DESCRIPTION OF DRAWINGS

FIG. 1A is a schematic diagram depicting the posterior view of leg and foot
showing the alignment of the hindfoot and the position of the arthrodesis nail having two
bends within the hindfoot.

FIG. 1B is a schematic diagram depicting the posterior view of leg and foot
showing the alignment of the hindfoot and the position of the arthrodesis nail having one
bend within the hindfoot.

FIG. 2A is a schematic diagram showing the posterior view of the offset tibio-
talo-calcaneal arthrodesis nail.

FIG. 2B is a schematic diagram showing the énterior view of the offset tibio-talo-
calcaneal arthrodesis nail.

FIG. 2C is a schematic diagram showing the lateral view of the offset tibio-talo-
calcaneal arthrodesis nail.

FIG. 3 is a schematic diagram showing a surgical implant kit in a sealable sterile

package.
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DETAILED DESCRIPTION

FIG. 1A depicts the bone structure and alignment of the hindfoot in a normal and
healthy foot and further depicts an ankle arthrodesis nail 10 with a bend 20 that matches
the anatomic alignment of the hindfoot. These bones include calcaneal bone, talus bone,
and tibia bone. Previous designs of tibio-talo-calcaneal arthrodesis nail are straight and
do not have bends to create an offset that matches the anatomic alignment of the hindfoot.
Referring to FIG. 1A-B, the ankle arthrodesis nail 10 is a round rod in cross section that
has one bend 21 or two bends 20 to create an offset to match the anatomy of the hindfoot.

Referring to FIG. 2A-C, the rod has proximal 30 and distal holes 40 to accept
locking screws. The rod can have a bend in the proximal portion. The rod can have a
bend in the distal portion. The bend in the proximal portion and the bend in the distal
portion can create an offset between the ends of the nail. The bend can be configured to
match an anatomic alignment of a hindfoot. The bend can be at angle of between 5 to 20
degrees. The bend can be at angle of 15 degrees. The angle of the bend can be fixed
during the manufacture of the nail.

Referring to FIG. 2A-B, the rod can have two bends where the long shaft 50 of the
nail would be parallel with the short shaft 60 of the nail. Referring to FIG. 24, an axis A
extending from the long shaft 50 would be parallel to the axis A; extending from the short
shaft 60. The rod can have two bends of between 5 to 20 degrees each. The rod can have
two bends of 10 degrees each. The rod can have a diameter of between 10 to 13 mm. The

‘rod can have a length of between 15 to 30 cm. The ratio of the length of the long shaft L1

and the length of the short shaft L2, can be between 1:1 to 5:1. The lengths L1 and L2
can be configured to be proportionate to the size of the patient. The length of the long
shaft L1 can be between 7.5 to 25 cm and the length of the short shaft L2 can be between
2.5to0 15 cm.

The dimensions for the rod and screw can vary in length or diameter, so that a
range of devices having different sizes can be available for patients of different sizes.
This will allow a surgeon to select and use two specific components that will work best in
that specific patient, after the surgeon has analyzed the nature and severity of the damage,
disease, or defect that requires surgical intervention. In one preferred approach, an
assortment of vertical rods having lengths of between 15 to 30 cm can be provided, with
diameters of between 9 to 14 mm. Oblique screws with lengths of between 5.5 to 7 cm,

and diameters of between 4 to 7 mm, can be provided. These will allow surgeons to
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choose rod and screw combinations that will accommodate the majority of patients. If
different sizes or angles are needed, they can be stocked by a manufacturer, or fabricated
on a custom basis, preferably using computer controlled machining methods (such as
laser cutting) to minimize the additional expenses of custom fabrication.

The rod and screw preferably should have beveled but not sharply-pointed tips. -
Screw tips can be provided with external threads, in at least a region which extends back
about 1.5 cm or more from the tip. These threads should having a spacing and height
which allow the threaded tip to securely engage, and pull against, the lower end of the
tibial bone, as screw is tightened during surgical placement. Preferred dimensions
(including the pitch, depth, and shape of the peaks) have been established for threaded
screws that will be inserted into bones; those dimensional are well-known to companies
that manufacture such surgical implants. Very fine threads are not used, since they can
break and crumble bone material; instead, thread spacings of between 1.5 to 5mm and a
thread height (depth) of more than 1 mm are generally used.

In one embodiment, the rod can be inserted from the plantar portion of the heel by
making an opening hole in the body of the calcaneus, talus and tibia. A guidewire with a
similar offset or bend can be passed in a retrograde direction into the tibial canal. A
guidewire that matches the bend of the nail can be used to provide guide for reaming the
opening for the insertion of the nail. A reamer can then be passed over the pre-bent
guidewire to shape or to open the tibial canal. The reamer can be a flexible reamer.
Alternatively, any other appropriate drilling tool can be used to shape or enlarge the
opening for the insertion of the nail. The nail can be passed from the calcaneus into the
talus and then into the tibia and locked in the calcaneus bone with posterior to anterior
screws. A force can be applied to the plantar surface of the foot, and the proximal portion
of the nail locked to create compression across the joints to aid in arthrodesis.

An ankle arthrodesis assembly can be created, inside an ankle joint, by a surgeon,
using components that are contained in a kit that can be manufactured. In general, two
classes of kits are anticipated. Referring to FIG. 3, a kit can contain a single set of
components such as an arthrodesis nail 10 that includes a rigid round tibio-talo-calcaneal
rod having a bend in the distal portion, the rod further including proximal 30 and distal
holes 40 for locking screws, and posterior to anterior screws 70 wherein the nail and the
screws are configured to lock together to create a compression across ankle joints to aid

in arthrodesis. The surgical implant kit can further include a precontoured guidewire 80



10

15

20

WO 2007/120539 PCT/US2007/008229

to match the bend of the nail to provide a guide for reaming the opening for the insertion
of the nail. The kit can further include a flexible reamer 90. Such a kit can be ordered by
a surgeon, with the exact sizes of both main components fully specified, after the surgeon
has analyzed the problems and needs of a specific patient. The kit may be enclosed in a
sealed package 100 that maintains the sterility of the surgical implant components.

The second type of kit (which might be preferred by a hospital or orthopedic clinic
where several surgeons work) can contain a variety of rods and screws, such as a plurality
of rods of each desired length (such as 15, 20, and 25 cm) and a plurality of screws of
each desired length (such as 5.5 to 7 cm). Such kits can include precontoured guidewires
to match the bend of the nail to provide a guide for reaming the opening for the insertion
of the nail. Such kits can further include flexible reamers that can be passed over the pre
bent guide wire to open the tibial canal. This will allow a surgeon to select a preferred
combination for any specific patient, from among the assortment that is already available
at that clinic or hospital.

In general, surgical kits typically enclose any and all implantable components
within sealed enclosures that maintain sterility. The implantable components may be
made from stainless steel, titanium or any other appropriate material suitable for
implantation. However, it should be noted that any implanted components disclosed
herein can be easily sterilized immediately before use, by autoclaving or similar means.

A number of embodiments of the invention have been described. Nevertheless, it
will be understood that various modifications may be made without departing from the

spirit and scope of the invention. Accordingly, other embodiments are within the scope

of the following claims.
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1. An ankle arthrodesis nail, comprising:
a rigid round tibio-talo-calcaneal rod having a distal portion and a proximal
portion, a bend in the distal portion, the rod further comprising proximal and distal holes

for locking screws.

2. The nail of claim 1, wherein the rod has a bend in the proximal portion.

3. The nail of claim 2, wherein the bend in the proximal portion and the bend in the

distal portion create an offset between the ends of the nail.

4. The nail of claim 1, wherein the bend is configured to match an anatomic alignment
of a hindfoot.

5. The nail of claim 1, wherein the bend is at angle of between 5 to 20 degrees.

6. The nail of claim 1, wherein the rod has a diameter of between 10 to 13 mm.

7. The nail of claim 1, wherein the rod has a length of between 15 to 30 cm.

8. A method of establishing ankle arthrodesis in a subject, comprising:

making an opening hole in the body of the calcaneus, talus and tibia;

inserting an arthrodesis nail in the plantar portion of the heel from the calcaneus
into the talus and tibia, the nail comprising a rigid round tibio-talo-calcaneal rod having a
bend in the distal portion and the rod further comprising proximal and distal holes for
locking screws;

locking the nail in the calcaneus bone with posterior to anterior locking screws to
aid in arthrodesis.

9. The method of claim 8, further comprising using a guidewire to match the bend of the
nail to provide a guide for reaming the opening for the insertion of the nail into a

tibial canal.
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10.

11.

The method of claim 9, further comprising using a flexible reamer to pass over the

guidewire to open the tibial canal.

A surgical implant kit comprising:

an arthrodesis nail comprising a rigid round tibio-talo-calcaneal rod having a bend

in the distal portion, the rod further comprising proximal and distal holes for locking

screws; and

posterior to anterior locking screws;

wherein the nail and the screws are configured to lock together to create a

compression across ankle joints to aid in arthrodesis.

12.

13.

14.

15.

16.

17.

18.

The surgical implant kit of claim 11, further comprising a precontoured guidewire to
match the bend of the nail to provide a guide for reaming the opening for the insertion
of the nail.

The surgical implant kit of claim 12, further comprising a flexible reamer that is

configured to pass over the guidewire.

The surgical implant kit of claim 11, wherein the rod has a bend in the proximal

portion.

The surgical implant kit of claim 14, wherein the bend in the proximal portion and the

bend in the distal portion create an offset between the ends of the nail.

The surgical implant kit of claim 11, wherein the bend is configured to match an

anatomic alignment of a hindfoot.

The surgical implant kit of claim 11, wherein the bend is at angle of between 5 to 20
degrees.

The surgical implant kit of claim 11, wherein the rod has a diameter of between 10 to

13 mm.
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19. The surgical implant kit of claim 11, wherein the rod has a length of between 15 to 30

cm.
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