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PRE-CURVED INTRAMEDULLARY CLAVICLE NAIL
AND METHOD OF USING SAME

FIELD OF THE INVENTION

The present invention relates to an intramedullary nail surgically inserted into a long
bone, especially the clavicle. Specifically, the present invention is directed to a curved rod
that accommodates the majority of human anatomies and is insertable and capable of either

being permanently retained therein or removed if desired.

RELATED ART

Clavicle fractures have generally been treated either non-operatively or with plate
fixation. However, these methods suffer from serious defects. For example, non-operative
treatment generally takes a far longer time to heal, and may not result in a fully healed bone.
In addition, non-operative treatment has been found to lead to some form of malunion (non-
anatomic alignment) deformity, which may ultimately lead to shoulder dysfunction. Surgical
treatment is preferred, and provides additional advantages, for example, there is decreased
pain, early return to functionality of the extremities, decreased risk of deformity, and high
rates of union. However, disadvantages of plate fixation, for example, include prominence of
large hardware, and the subsequent need for removal of the hardware due to discomfort
experienced by the patient. In addition, insertion of such hardware requires a fairly large
incision, which results in an undesirable scar cosmesis and further runs the risk of severing
nerves in the surgical site and chest wall. Further, there exist potential risks of de-
vascularization of the fracture environment during the surgical explores leading to the risk of

nonunion.

The concept of an intramedullary nail has been met with poor success. One main
reason for the lack of success is that these prior nailing systems have lacked the appropriate
anatomic consideration for curvature and length of the clavicle in the patient. These prior
nails have been generally straight and rigid nails that did not take into consideration the
natural curvature of the clavicle as it courses from medial to lateral resulting in discomfort as
well as improper healing. In addition, prior art nails have not been secured properly, and
have frequently faced complications of implant migration, misalignment due to implant

constraints, and rotational instability about the fracture site.

The present invention provides a clavicle nail system which is capable of being

implanted in a minimally invasive manner and which solves the problems of the prior art.
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SUMMARY OF THE INVENTION

The pre-curved intramedullary nail of the present invention addresses the previous
problems, including migration, restoring anatomic alignment by considering the appropriate
curvature and anatomy of the clavicle, and preventing rotational instability by creating a fixed
angle locking construct and the ends of the clavicle via screw fixation. In addition, the pre-
curved intramedullary nail of the present invention would avoid large incisions thereby
addressing important patient considerations such as scar cosmesis. The present invention
avoids hardware prominence as it is intramedullary and thereby avoids the almost expected
need for a second surgical procedure to remove the implant, as is common with plate fixation.
Finally, by avoiding excessive dissection and about the fracture site, the present invention
also decreases the risk of nonunion, as the biologic environment about the fracture would be

minimally disturbed.

In one embodiment of the present invention, there is provided an intramedullary
device, including a pre-curved rod having a proximal end and a distal end, defining a nail
body therebetween, the nail body having a longitudinal axis and a radial axis; and a fixation

site at cach of the proximal and distal ends.

In another embodiment, there is provided a method of implanting a pre-curved,
intramedullary nail into a canal of a clavicle; including the steps of: providing a
intramedullary nail having a first end and a second end, the ends defining a curved rod
therebetween, the intramedullary nail having a fixation site towards each of the first and
second ends of the nail; implanting the intramedullary nail into a cavity of a curved bone
having a fracture site separating the curved bone into a first segment and a second segment,
such that the intramedullary nail extends across the fracture site; fixing the intramedullary
nail at the first segment and the second segment with at least one fixation device at each

fixation site of the intramedullary rod.

In other aspects of the invention, there is provided a system for intramedullary nail
implantation, including: an intramedullary nail; at least one fixation device; and a means for

observing positioning of the nail during implantation.

The above-referenced advantages, as well as other advantages, of the present
invention will become more apparent from the following detailed description in combination

with the following drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross sectional view of the clavicle with the intramedullary nail of the

present invention implanted therein.

FIGS. 2A-2B are radiographs of an intact clavicle with the intramedullary nail of the

present invention inserted therein.

FIGS. 2C-2D are radiographs of clavicle having a mid-shaft fracture with the

intramedullary nail of the present invention inserted therein.

FIGs. 3A-3B are radiographs of the clavicle with the intramedullary nail of the

present invention inserted therein.

FIG. 3C is a radiograph of a clavicle with the intramedullary nail of the present

invention inserted therein and fixated by two substantially parallel screws.

FIG. 4A is a drawing of a clavicle with the intramedullary nail of the present

invention inserted therein and demonstrating two fixation methods.

FIG. 4B is a drawing of a second clavicle with the intramedullary nail of the present

invention inserted therein.

FIG. 5 is a cross-section view of the clavicle with the intramedullary nail of the

present invention inserted therein and fixated by perpendicular screws.

DETAILED DESCRIPTION OF THE INVENTION

The human clavicle bone extends substantially along the shoulder, from the sternum
to the end of the shoulder. As with any bones of the human body, the clavicle is susceptible
to breaking and thus in need of repair. Typically, clavicle breaks occur in the mid-region of
the clavicle, separating the clavicle into two separate portions. Repair of the clavicle requires
a method and apparatus to hold the two separate portions together so the bone may heal in an
anatomical orientation. The present invention is an intramedullary nail that allows for
insertion of the nail through the medullary cavity of the clavicle (also referred to as the
medullary canal). As used herein, the terms “subject”, “patient” and “human” may be used
interchangeably to refer to the individual into whom the inventive nail is to be implanted.
The terms “implanter”, “user” and “doctor” may be used interchangeably to refer to the
individual who actually implants the device into the subject. Obviously, there may be more

than one individual who implants the device, but for ease of reference, the singular form of

these words will be used herein.
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As can be seen in Figure 1, the nail 10 is capable of being inserted through the
medullary cavity of the clavicle 12. The medullary cavity of the clavicle 12 may be referred
to herein as the “nail path”, since this is the path along which the nail 10 travels during
insertion. An important feature of the inventive nail 10 is that it has a curved structure,
allowing the nail 10 to extend through the clavicle 12 from the shoulder end 14 to the
sternum end 16. The nail 10 may be pre-curved or a user may curve the nail 10 to the desired
radius, as will be described in more detail below. Desirably, the curve extends the length of
the nail 10, extending from the proximal end 18 to the distal end 20. As used herein, the term
“distal end” shall refer to the end of the nail 10 that is inserted into the bone and therefore is
furthest from the doctor during implantation. The term “proximal end” shall refer to the end

of the nail 10 that is closest to the doctor during implantation.

The inventive intramedullary nail 10 may be easily inserted into a clavicle 12 and
anchored in place by any desired fixation method. Figure 1 demonstrates two typical fixation
methods: a bone screw 24 and a bone staple 22. Preferably, the nail 10 is held in place by at
least two bone screws 24, which will be discussed in further detail below. Figures 2-3 depict
various radiographs of clavicles having the nail 10 of the present invention implanted therein.
Specifically with respect to Figures 2C-2D, the clavicle 12 is depicted with a fracture 30
separating the clavicle 12 into two segments, the lateral segment 34 (closest to the patient’s
shoulder) and the medial segment 32 (closest to the patient’s sternum). In these Figures, the
nail 10 can be seen to connect the two segments 32 and 34 of the clavicle 12 together to

promote healing.

The intramedullary nail 10 of the present invention may be implanted into any bone of
the patient, but preferably is designed to be implanted into the clavicle 12. The nail 10 may
be constructed of any desired material, and most preferably is made of a material that is safe
for use inside a human patient. Such materials include those that are approved by the FDA or
any other regulatory agency for implantation into humans. The materials should be
lightweight but capable of withstanding pressure, rotation, weight and other forces thereon.
Desired materials include titanium, stainless steel, and combinations thereof. In some
embodiments, the nail may include components made of plastic or other inert material.
Desirably, the nail 10 is made of a material that is pliable and will allow some flexure, but not
so flexible that insertion is made difficult or complicated. A degree of flexibility is helpful
during insertion to allow for the nail 10 to adjust to various curves within the cavity of the

clavicle 12.
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The intramedullary nail 10 is desirably sized so as to conform to the natural curve of
the cavity of the clavicle 12. As will be understood by those of skill in the art, the shape and
size of the clavicle 12 in different individuals will vary from patient to patient. The present

invention is designed to account for these differences, and may be modified as necessary.

The applicants have discovered that in the majority of humans, the clavicle 12 cavity
has a curve that has a radius of approximately 60 to 180 mm, and more particularly between
80-150 mm. In an even higher majority of humans, the clavicle 12 has a cavity that has a
radius of curvature of about 80 to about 120 mm. Thus, the present invention includes a nail
10, having a radius of curvature of from about 60 to about 180 mm, more specifically from
about 80 to about 150 mm, more specifically from about 80 to about 120 mm, and even more
specifically about 120 mm. The radius of curvature may be altered slightly to conform more
specifically to the individual patient. For example, slight adjustment to the curvature of the

nail 10 may be performed in the operating room, prior to insertion into the patient.

In addition, the applicants have discovered that, in the majority of humans, the
clavicle 12 cavity has a length of about 85-155 mm, and more specifically about 95 to about
135 mm. Most specifically, the cavity of the clavicle 12 is about 100-130 mm in length.
Thus, the inventive nail 10 may have a length suitable for the particular cavity in the patient,
and may be about 70 mm to about 155 mm in length, may be about 95 mm to about 130 mm
in length, or may be about 100 mm to about 130 mm in length. In a preferred embodiment,
the nail 10 has a length that is between about 2/3 and about 3/4 the length of the cavity of the
clavicle 12. It may be desirable, of course, to insert the nail 10 only partially through the
cavity of the clavicle 12, in which case the length of the nail 10 may be modified by the user.
For example, slight adjustment to the length of the nail 10 may be performed in the operating
room, prior to insertion into the patient. In some embodiments, it may be desirable to have a
nail 10 that is longer than the average patient (i.e., longer than about 100 mm to about 130

mm), so that it may be cut or otherwise manipulated prior to insertion into the patient.

As is clearly understood by those of skill in the art, the lengths and degrees of radius
provided herein are suitable for the majority of adult humans. However, lengths, wall
thicknesses, canal diameters, curvatures and other characteristics of various individuals may
vary, and thus the nail 10 of the present invention may be modified to take such
considerations into account. Further, the nail 10 of the present invention may be modified to
account for the size of a child’s clavicle bone, and would therefore have a smaller length, for

example. Thus, the present invention may include an intramedullary nail 10 which is
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precurved to conform to a majority of a pediatric clavicle curvature. Other characteristics,
such as the degree of curvature and cross-sectional size and shape may be varied as

nccessary.

In one particular embodiment, the nail 10 has a length that allows for the proximal
end 18 to remain outside the cavity of the clavicle 12. As may be seen, for example, in
Figure 1, the proximal end 18 of the nail 10 is outside the cavity of the clavicle 12. This may
allow for the user to grasp the nail 10 after insertion, either to remove the nail 10 completely,
to adjust placement of the nail 10, or to manipulate the nail 10 in any other fashion. For
example, after insertion, it may be desirable to remove the nail 10 for any number of reasons.
Allowing the proximal end 18 to stick out the cavity may be useful to remove the nail 10
without invasive surgery or other potentially harmful and painful techniques. As can be seen
in the drawings of Figures 4A and 4B, the proximal end 18 of the nail 10 may stick out from
the clavicle 12 any desired length. Figure 4A depicts the proximal end 18 sticking out a
length that is further than that shown in Figure 4B. The length by which the proximal end 18
remains outside the clavicle 12 is entirely up to the discretion of the individual implanting the

nail 10.

The nail 10 may be any shape desired, including variations in the shape of the
curvature and the cross-sectional shape of the nail 10. In some embodiments, the nail 10 has
a cylindrical cross-sectional shape. It may have an elliptical cross section, or it may have a
cross section that is substantially elliptical, but includes flattened ends to aid in securement of
the nail 10. The cross section can vary in size along the nail’s length as desired, for example
tapering or flaring as may be necessary. The distal end 20 of the nail 10 is preferably
blunted, but may be flat. The distal end 20 may include a conical end; however, it is most
desirable that the distal end 20 not be sharp or pointed. Since the distal end 20 is the end that
is inserted into the cavity of the clavicle 12, use of a pointed or sharp end may pierce the
interior of the clavicle 12, causing pain, discomfort, and severely damaging the patient. The
proximal end 18 may be any shape desired, and in some embodiments may be flared, so as to
prevent inadvertent insertion into the patient or to provide an alternative means of fixation.

In some embodiments, the proximal end 18 may include a handle or other grip which may aid
the user in inserting the nail 10 into the patient. The handle or grip may be affixed to the nail
10, or it may be removable. It may be desirable to include an end cap which may be attached

and/or attachable on the proximal end 18 of the device after implantation.
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Desirably, the cross-section of the nail 10 is slightly smaller than the diameter of the
cavity of the clavicle 12. For example, it may be preferable that the nail 10 have a diameter
that is about 1 to about 4 mm smaller than the diameter of the cavity of the clavicle 12. In
this fashion, the nail 10 will not completely and fully fill the cavity of the bone. The use of a
nail 10 having a slightly smaller cross section is useful during implantation of the nail 10, as
the nail 10 will be allowed to travel through the cavity and into place. It is preferred that the
nail 10, once implanted, will lie against at least two and most desirably three points of the
inner cortical abscess of the bone into which it is implanted. Since the nail 10 has a smaller
cross section than the cavity, however, it is desirable to affix the nail 10 into place once it is
implanted. The intramedullary nail 10 may be hollow, solid, or have regions that are hollow

and regions that are solid.

The nail 10 may be fixed in place after it has been implanted into the clavicle 12 by
any desired means. In some embodiments, it may be preferable to affix the nail 10 in place
via bone screws, staples, nails, or any known fixation means. As can be seen in Figures 1 and
3C, for example, the fixation may include a bone screw 24 and/or a bone staple 22. The nail
10 desirably includes at least one fixation site at a location near the proximal end 18 and a
sccond fixation site at a location near the distal end 20. The fixation site(s) may include one
or more holes drilled through the nail 10. The nail 10 may include holes that are pre-drilled
to allow the fixation device to hold it in place, or the nail may drilled immediately before,
during or after implantation of the nail 10. The fixation device(s) [i.¢c., staples, screws, nails,
etc.] may be inserted through the bone and into the nail 10. It may be desired to have the

fixation device(s) extend completely through the nail 10 and into the bone for full affixation.

In one embodiment, best seen in Figure 3C, the nail 10 may be held in place by a
plurality of bone screws 24. The nail 10 should be held in place by at least two screws 24,
but may be held in place by more than two screws 24. As seen in Figure 3C, two bone
screws 24 are inserted through the clavicle and are fed through the nail at two locations of the
nail 10. Most desirably, the screws 24 (or other fixation devices) hold the nail 10 in place at
a location near the proximal end 18 and at a location near the distal end 20, within the cavity

of the clavicle 12.

In a particularly preferred embodiment, depicted in Figure 5, the nail 10 of the present
invention desirably is held in place by two bone screws in substantially perpendicular
directions, with one screw located near the proximal end 18 of the nail 10 and the other

located near the distal end 20 of the nail 10. Use of fixation devices that are in different
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directions (i.e., substantially perpendicular) may be useful in reducing rotational torsion that
may affect the nail 10. As may be appreciated by one of skill in the art, the clavicle is
subjected to a series of rotational and torsional stresses, for example when a person moves or
rotates his or her arm, stresses are exerted on the clavicle. The affixation with fixation
devices in different directions, such as substantially perpendicular, aids in preventing the
rotation and limiting the distribution of changes and forces that go across the fixed construct.
Thus, the clavicle cannot easily rotate while the nail 10 is affixed in place, which aids in

healing.

In one embodiment, set forth in Figure 5, the first bone screw 40 is inserted so as to
hold the nail in place in a downward direction, while the second bone screw 42 is inserted so
as to hold the nail in a direction that is substantially perpendicular to the first bone screw 40.
It will be understood to those of ordinary skill in the art that the size and shape of first bone
screw 40 and second bone screw 42 may be modified as desired. For ease of understanding,
the first and second bone screws 40, 42 in Figure 5 are depicted to be larger than may be
necessary, depending on the preferences of the user. For example, screws 40, 42 may be
about 2 mm in diameter or less, or they may be larger than 2 mm. Desirably, the length of
the screws 40, 42 is sufficient to securely hold the nail in place. In some embodiments, it
may be desirable for the second bone screw 42 to be inserted from the anterior to the
posterior of the subject, or alternatively it may be desirable for the second bone screw 42 to
be inserted from the posterior to the anterior of the subject. Other arrangements of screws is
of course contemplated, including for example, the use of three screws, each set
approximately 60 degree angles from each other. Other similar arrangements of screws or

other fixation devices may be incorporated if desired.

The nail 10 of the present invention may be configured with additional features to aid
in implantation and follow up after the device has been implanted. For example, the nail
and/or the fixation devices may include one or more sensors, radiopaque materials, and the
like. These sensors, radiopaque materials and the like may be used to aid during
implantation, since the implanter can follow the nail 10 as it is being inserted into the patient.
Further, these materials and sensors may be used after implantation to measure migration of
the nail as time passes. Further, various sensors may be incorporated into the device so as to

determine, for example, the level of force exhibited on the nail at any given time.

The present invention further sets forth various methods of implantation of the nail

10. It will be understood that the methods set forth herein may be manipulated to suit the
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particular patient and/or implanter. In addition, various steps may be omitted or additional
steps may be included, depending on the user’s desire. The methods set forth herein describe
methods of implantation of the nail 10 into a human clavicle bone, but may be applied to

various other similar structures if desired.

The first step in treating the clavicle fracture is to determine the extent and location of
the fracture. This is typically done via traditional x-ray. Once the extent and location of the
fracture is known, one can determine whether implantation of the inventive intramedullary

nail is appropriate.

Once the decision to implant the intramedullary nail has been made, it is desirable to
measure the clavicle on the opposite side of the patient (i.c., the non-fracture clavicle). The
length of the non-fractured clavicle, the canal distance, and other similar measurements may
be taken. By measuring the non-fractured clavicle of the patient, the implanter can implant
the nail and structure the bone so that it heals in a similar, if not substantially identical way as
the non-fractured clavicle. Measurement of the non-fractured clavicle may be achieved via x-
ray, via radiograph, via CT scan, via fluoroscopy, or via any other means desired. Various
features may be examined and measured as desired by the user, including cavity diameter,

wall thickness, length, and other such features.

Prior to implantation of the nail into the fractured clavicle, the implanter should
preferably determine the length, cross section, and degree of curvature of the fractured
clavicle. By determining these characteristics of the fractured clavicle, one may select a nail
having an appropriate length, cross section, and curvature. As desired by the user, it may be
preferable to select a nail having a length slightly longer than the cavity of the bone, so as to
allow a portion of the proximal end of the nail to remain outside the cavity. The nail may
have pre-drilled holes for affixing the nail once implanted. Alternatively, if no holes are

present, the user may wish to drill holes in the nail prior to insertion into the patient.

Once the nail has been selected and prepared, the nail is ready to be implanted.
Desirably, the patient is placed in a manner that allows not only placement of the nail and
affixation devices, but also allows the implanter to take radiographs during and after
placement. Additionally, fluoroscopy may be used to track the implantation of the nail into
the clavicle, which requires the patient to be placed in a manner which may allow for
viewing. The most desired position has the patient in a position that has the patient sitting in

a chair, where the back of the chair is tilted backwards (similar to a beach chair). This
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position is between the patient laying on his or her back and the patient sitting upright in a

chair. Of course, other positions may be used if desired.

Once the patient is in position, the implantation may begin. A small incision is first
made into the body of the patient. Desirably the incision is made just off the lateral side of
the clavicle (posteriorly), at a location where the clavicle meets the acromion at the
acromioclavicular joint (the “AC joint”). Where the acromion meets the clavicle, there is a
soft spot in the body. This spot is the desired location for incision and implantation of the
nail. The incision is desirably slightly larger than the cross section of the nail, to allow for
implantation of the nail while also minimizing the potential for undesirable scarring or nerve

damage.

Once the incision is made, a small hole may be drilled through the cortex, in order to
install the nail. Once the drilling is complete, the present minimally invasive technique may
be employed to reduce the fracture site. For example, the minimally invasive technique may
include use of fracture reduction clamps or pointed bone reduction forceps to line up the
bone. Once the bone has been aligned properly, the intramedullary nail may be inserted
through the incision and through the hole, into the cavity of the clavicle. The nail is inserted
from the lateral fragment of the clavicle, across the fracture site, and into the medial
fragment. The nail is inserted into the cavity, where it is seated against the end of the medial
segment of the clavicle. As explained above, the nail 10 may be inserted any length, and in
preferred embodiments the nail 10 is inserted about 2/3 to about 3/4 of the length of the
cavity. It may be desired, in some instances, to implant the nail so that it is not implanted
entirely within the entire length of the cavity, and thus not against the medial segment of the
clavicle. The nail is desirably inserted at a controlled, but firm rate, so as to allow the
implanter to accurately and completely insert the device. The nail desirably is self-guided,

allowing it to manipulate the length of the cavity into which it is being implanted.

During implantation, the implanter may wish to observe and track the implantation of
the device to ensure proper insertion. At any point, if the implanter discovers that the device
is misaligned or blocked from insertion, the implanter may remove the device or otherwise
manipulate the device to allow proper insertion. Use of fluoroscopy is the preferred method
of observing implantation; however any known method of tracking surgical implantation is
contemplated herein. For example, the observing step may be selected from the group

consisting of: observing with x-ray; observing with fluoroscopy; observing through

10
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anatomical tests of strength; observing through range of motion; observing the fracture site;

and combinations thereof.

The use of the curved nail of the present invention allows for easier and more
controlled implantation of the nail into the cavity. Further, the use of materials such as
titanium and stainless steel allow the nail to have a slight degree of flexibility, so that the nail

can conform to the curve of the clavicle during implantation.

Once the nail is implanted to the desired length, the nail is ready to be affixed in
place. Desirably, the nail included holes drilled into it for insertion of affixing means (such
as screws). After implantation, the nail may be manipulated by the implanter so as to align
the screw holes in the desired location. For example, the implanter may wish to align the
holes of the nail so that the screw may be inserted from the front to the back of the patient, or
alternatively from the top to the bottom of the patient. Fluoroscopy methods may be useful in

aligning the nail so that it may be affixed properly.

It may be desired to reduce or eliminate the gap in the fracture site after implantation.
After implanting the nail, but before affixing the nail in place, the distal end of the nail
(which is implanted within the medial segment of the clavicle) may be locked and pulled
towards the lateral side of the body. Pulling the medial segment of the fractured clavicle
compresses the gap between the segments, and thus reduces the risk of distressing the
fracture site with the inventive nail. It is preferable to decrease the gap between the
segments, as this reduces the risk of non-union and may aid in allowing the clavicle to return

to a strength at or near the strength it had prior to the fracture.

Once the nail has been aligned properly, the implanter may make small incisions at
the location of the holes, and use a drill bit to the size of the locking screw (or other
attachment means, such as staples) to drill into the clavicle. Once holes have been drilled
into and through the clavicle, the affixation means can be inserted through the skin, through
the clavicle and through the nail, affixing it in place. In a preferred embodiment, the
affixation means include one or more surgical screws having a cross scction of about 2 mm.
As explained above, it may be most desirable to place one surgical screw approximately
perpendicular to a second surgical screw. It is further desirable to place one screw at a
location near the proximal end of the nail and a second screw at a location near the distal end
of the nail. More screws may be used if desired to fully position the nail in place. Screws

may be affixed through any desired means. For example, it may be desired to use radiolucent
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guide arms or other fluoroscopic guidance to ensure proper fixation of the nail. Any known

techniques for affixing intramedullary locking screws may be used in the present invention.

Once the nail has been implanted and affixed, the implanter can again check the
implantation via various methods, including radiographs, fluoroscopy or x-ray technology. If
the nail is implanted properly, the surgical incisions may be cleaned up and the procedure is

complete.

Through the methods and apparatus described herein, healing of the fracture may take
about 4 to about 10 weeks to be complete, and desirably takes as few as about 4 to about 6
weeks to be complete. The nail may be permanently attached within the clavicle of the
patient, reducing or altogether eliminating the need for additional surgery to remove the nail.
Desirably, the patient will maintain his or her arm in a sling for the time period to heal the
clavicle, during which movement of the arm is suggested to be limited. Follow up x-rays
may be taken at routine intervals after the implantation, to ensure that torsion has not

loosened or broken the fixation device.

The present method provides a means to implant a device which not only avoids
complications associated with more invasive surgery, but also speeds up the healing process.
Through the methods and apparatus used herein, healing may be more desirable, as the
present invention provides decreased pain with fixation and an early return to function. That
is, movement may be achieved quicker through the use of the present invention and methods
than with other methods. In some embodiments, there may be a quicker union of the
fractured segments due to the rigid fixation of the fracture. Further, by limiting the amount of
incisions or other dissection, the risk of injury to superficial nerves or other potentially
harmful techniques. The present methods and techniques promote healing of the body and

promote bone regrowth.

It should be understood that various alternatives to the embodiments of the present
invention described herein can be employed in practicing the present invention. It is intended
that the following list of items help define the scope of the present invention and that
structures and methods within the scope of these items and their equivalents be covered

entirely.
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What is claimed is:

1. An intramedullary device, comprising:

a pre-curved rod having a proximal end and a distal end, defining a nail body

therebetween, said nail body having a longitudinal axis and a radial axis; and
a fixation site at at least one region of the intramedullary device.

2. The intramedullary device of claim 1, comprising a fixation site at a location near

cach of said proximal and distal ends.

3. The intramedullary device of claim 1, wherein the nail is self-guided during the

implanting step.

4. The intramedullary device of claim 1, wherein the intramedullary nail has a radius of

curvature from about 60 mm to about 180 mm.

5. The intramedullary device of claim 1, wherein the intramedullary nail is precurved to

conform to a majority of an adult clavicle curvature.

6. The intramedullary device of claim 1, wherein the intramedullary nail is precurved to

conform to a majority of a pediatric clavicle curvature.

7. The intramedullary device of claim 1, wherein the nail further comprises radiopaque

materials located along a portion of said intramedullary nail.

8. The intramedullary device of claim 1, wherein the intramedullary nail is configured to

remain within said subject clavicle for a prolonged length of time.

9. The intramedullary device of claim 1, wherein the intramedullary nail constructed of a

biocompatible material.

10.  The intramedullary device of claim 1, wherein the intramedullary nail may be fixed in

place by at least one fixation device.

11. The intramedullary device of claim 1, wherein the intramedullary nail may be

adjusted to reduce the size and or curvature of the intramedullary nail.

12. The intramedullary device of claim 1, wherein the intramedullary nail is hollow, solid,

or combinations thereof.

13. A method of implanting a pre-curved, intramedullary nail into a canal of a clavicle;

comprising the steps of:
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providing a intramedullary nail having a first end and a second end, said ends defining
a curved rod therebetween, said intramedullary nail having a fixation site towards each of

said first and second ends of said nail;

implanting said intramedullary nail into a cavity of a curved bone having a fracture
site separating the curved bone into a first segment and a second segment, such that said

intramedullary nail extends across said fracture site;

fixing said intramedullary nail at said first segment and said second segment with at

least one fixation device at each fixation site of the intramedullary rod.

14.  The method of claim 13 wherein said implanting step further comprises implanting

the intramedullary nail percutancously.

15. The method of claim 13, wherein the implanting step further comprises implanting the

intramedullary nail through the lateral end of the clavicle.

16. The method of claim 13, further comprising the step of observing the intramedullary

nail during implantation.

17.  The method of claim 16, wherein the observing step may be selected from the group
consisting of: observing with x-ray; observing with fluoroscopy; observing through
anatomical tests of strength; observing through range of motion; observing the fracture site;

and combinations thereof.

18.  The method of claim 13, further comprising the step of determining the curvature of a

curved bone.

19.  The method of claim 13, further comprising the step of adjusting the intramedullary

nail to accommodate the curvature of a curved bone, prior to implanting step.
20. A system for intramedullary nail implantation, comprising:

an intramedullary nail;

at least one fixation device; and

a means for observing positioning of the nail during implantation.
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