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SURGICALNAL 

PRIORITY CLAIM 

0001. This application claims priority to U.S. Provisional 
Application Ser. No. 61/381,264 filed on Sep. 9, 2010 and 
entitled “Surgical Nail. U.S. Provisional Application Ser. 
No. 61/476,597 filed on Apr. 18, 2011 and entitled “Locking 
Clavicle Nail and U.S. Provisional Application Ser. No. 
61/498,892 filed on Jun. 20, 2011 and entitled “Surgical Nail” 
and U.S. Provisional Application Ser. No. 61/500,297 filedon 
Jun. 23, 2011 and entitled “Clavicle Nail with Lateral 
Expanding and Actuated Portion, the entire disclosures of 
which are incorporated herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention generally relates to a surgical 
nail and, in particular, to a clavicle nail comprising proximal 
and distal connecting elements for coupling an aiming guide 
to a nail body. 

BACKGROUND 

0003 Clavicle (e.g., collarbone) fractures account for 5 to 
7% of adult fractures of which 80 to 85% are in the mid third 
of the clavicle. Due to the critical structures surrounding the 
clavicle, the thin medullary canal and the limited bone stock 
of the clavicle, these fractures may be difficult to treat. 
Clavicle fractures may be treated with a surgical nail inserted 
through the bone to fix fractured portions of the bone relative 
to one another. Locking screws may be inserted through por 
tions thereof to fix the Surgical nail therein. In some cases, 
however, it may be difficult to accurately determine the posi 
tion of a locking hole in a nail. 

SUMMARY OF THE INVENTION 

0004. The present invention relates to a surgical nail that 
allows a user to Verify an alignment of guide bores of a distal 
aiming arm attached to a distal end of a Surgical nail upon 
insertion of the Surgical nail into a bone and to correct the 
alignment if necessary. 
0005. The present invention relates to a surgical nail, par 

ticularly a clavicle nail and comprises a nail body extending 
along a longitudinal axis from a proximal end to a distal end 
and including one or more proximal locking apertures and 
one or more distal locking apertures. In addition, the Surgical 
nail comprises a proximal rod of having a length L, and 
extending proximally from the proximal end of the nail body 
Substantially coaxially with the longitudinal axis, the proxi 
mal rod being adapted for coupling a proximal aiming guide 
to the Surgical nail. The proximal rod may have a circular or 
polygonal cross section. Further, the Surgical nail may also 
comprise a distal rod extending distally from the distal end of 
the nail body substantially coaxially from the distal end of the 
nail body. The distal rod may have a circular or polygonal, e.g. 
hexagonal cross-section. Alternatively, the distal end of the 
nail body may be configured as a cavity extending into the nail 
body, wherein the cavity may be provided with an internal 
thread or the cavity may be configured as a bayonet Socket. 
0006. Some advantages of the surgical nail according to an 
exemplary embodiment of the present invention including a 
proximal rod extending Substantially coaxially from the 
proximal end of the nail body are that the proximal rod per 
mits a proximal aiming guide to be coupled to the nail body 
and the nail body may be inserted into the bone as far until one 
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or more distal locking apertures protrude from the distal 
opening of the through hole in the bone so that the position 
and alignment of the guide bore of a distal aiming arm 
attached to the nail can be verified by e.g. inserting a drill bit 
into the guide bore of the distal aiming arm and into the 
corresponding distal locking aperture in the nail body. Thus, 
if necessary, the alignment of the distal aiming arm can be 
corrected. 
0007. In one exemplary embodiment of the surgical nail, 
the proximal rod has a cross-sectional area that is no larger 
thana cross-sectional area of the nail body. The nail body may 
have a maximum diameter D while the proximal rod may 
have a maximum diameter d-D. This configuration of the 
proximal rod has the advantage that the proximal rod can be 
pushed into the hole in the bone which has been produced 
before or during insertion of the Surgical nail into the bone so 
that the Surgical nail can be inserted into the bone as far as the 
distal locking apertures protrude from the bone and the align 
ment of the guide bores in the distal aiming arm with the distal 
locking apertures can be verified. Preferably, the proximal rod 
is integral with the nail body. 
0008. In a further exemplary embodiment of the surgical 
nail, the one or more distal locking apertures are located 
within a distal portion of the nail body, wherein the distal 
portion of the nail body has a length L. measured from the 
distal end of the nail body and wherein the proximal rod 
extends from the proximal end of the nail body over a length 
L., which is equal to or longer than L. Thus, the surgical nail 
may be inserted into the bone so that the distal locking aper 
tures extend distally beyond the distal surface of the bone so 
that the alignment of the guide bores in a distal aiming guide 
with the distal locking apertures in the Surgical nail can be 
visually verified. Furthermore, the one or more proximal 
locking apertures are located within a proximal portion of the 
nail body, wherein the proximal portion of the nail body has 
a length L. measured from the proximal end of the nail body. 
The length L. may be equal to or different from the length L. 
0009. In another exemplary embodiment of the surgical 
nail, the ratio of L to L is a minimum value of 1.0, but more 
preferably a minimum value of 3.0. A typical value for the 
ratio of L to L. may be approximately 4. The length L of 
the distal portion of the nail body is a maximum of up to 
approximately 40mm, but preferably a maximum of approxi 
mately 10 mm. The length L of the proximal rod is a mini 
mum of approximately 10 mm, but preferably a minimum of 
approximately 60 mm. Further, the ratio of L to L has a 
maximum value of approximately 6.0, but more preferably a 
maximum of approximately 4.5. 
0010. In another exemplary embodiment of the surgical 
nail, a distal connecting element for coupling a distal aiming 
guide to the Surgical nail is configured as a distal rod extend 
ing distally from the distal end of the nail body substantially 
coaxially with a longitudinal axis thereof. This configuration 
a distal aiming arm to be attached to the nail by sliding the 
aiming arm over the distal rod. The distal rod may have a 
length L which is preferably longer than L and L. The 
length L of the distal rod may be equal to or different from 
the length L, of the proximal rod. Preferably, the distal rod 
has a cross-sectional area that is no larger than the cross 
sectional area of the nail body. Preferably the nail body has a 
maximum diameter D and the distal rod has a maximum 
diameter dsD. 

0011. In again another exemplary embodiment of the sur 
gical nail, the angle at which the one or more distal locking 
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apertures extend may be offset with respect to the proximal 
locking apertures. Suitably, the angle of offset may be in the 
range of 10° to 90° with respect to the proximal locking 
apertures, for example, 10°, 20°, 30°, 40°, 50°, 60°, 70°, 80°, 
90°. Preferably, the angle of offset is 90°. The clavicle nail 
may be inserted from a medial end of the clavicle as well as 
from a lateral end of the clavicle, on both the left and the right 
sides of the patient’s body. 
0012. In yet a further exemplary embodiment of the sur 
gical nail, the distallocking aperture and the proximal locking 
aperture may extend Substantially along the same plane rela 
tive to each other. 
0013. In yet another exemplary embodiment of the surgi 
cal nail, the nail body is straight. 
0014 Instill another exemplary embodiment of the surgi 
cal nail, the nail body is bent or curved. Suitably, the nail body 
may be curved in the same plane to be a particular shape, 
preferably, S-shaped. Alternatively, the nail body may be 
curved in different planes, preferably, double curved in dif 
ferent planes. 
0015 The nail body between the proximal and distallock 
ing apertures may be pre-bent to better accommodate an 
anatomy of the clavicle. Alternatively, the nail body may be 
flexible or may be comprised of multiple segments such that 
the nail may be flexible. 
0016. In a further exemplary embodiment of the surgical 

nail, the nail body may comprise a cross-sectional area that is 
Substantially triangular. 
0017. In a further exemplary embodiment of the Surgical 

nail, the nail body may comprise a substantially flattened 
cross-section. The area of the nail body comprising the flat 
tened cross section may be helical in shape. The helical shape 
may accommodate more easily the shape of a clavicle bone 
and may improve insertion of the nail body into the clavicle. 
The nail body may be bent into the helical shape. Alterna 
tively, or in addition, the nail body may be fabricated with the 
helical shape. 
0018. In a further exemplary embodiment, the nail body 
may comprise an area with a Substantially triangular cross 
section and an area with a flattened cross section. 
0019. In yet a further exemplary embodiment of the sur 
gical nail, each of the one or more proximal locking apertures 
and the one or more distal locking apertures have a central 
axis. The proximal and distal rods may each comprises a 
notch, preferably configured as a through bore having a bore 
axis wherein the bore axis of the through bore in the proximal 
rod is parallel to the central axes of the one or more proximal 
locking apertures and the bore axis of the through bore in the 
distal rod is parallel to the central axes of the distal locking 
apertures such that proximal and distal aiming guides, respec 
tively, may be attached in an aligned configuration relative to 
the Surgical nail. Since the distallocking apertures at an angle 
of 90° with respect to the proximal locking apertures, the 
clavicle nail may be used for both medial and lateral insertion 
into the clavicle, from both the left and the right side of the 
patient’s body. 
0020. In a still further exemplary aspect of the present 
invention, one or each of the proximal connecting element 
and the distal connecting element is removably coupled to the 
nail body. Suitably, the proximal connecting element is 
removably coupled to the nail body and the distal connecting 
element is integrated with the nail body. The removable cou 
pling may be provided by press-fitting, screwing, using a 
bayonet-type connection, welding, in particular laser weld 
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ing, or gluing the connecting element to the nail body. The 
removable coupling may ensure that no sharp edges result 
from cutting the proximal and/or distal connecting element 
and may also minimize the potential for Soft tissue irritation. 
The removably couplable connection elements may comprise 
different or the same material as the nail body. 
0021. In accordance with another exemplary aspect of the 
present invention, a Surgical reameris provided for producing 
a hole in a clavicle from one of an antero-medial to a postero 
lateral or from the postero-lateral to the antero-medial. 
0022. In cases where a medullary canal in the clavicle is 
too small for the nail, the canal may need to be reamed to have 
a larger diameter to accommodate the nail. For reaming, a 
light flexible reamer may be used such that a length of the 
reamer moved along the medullary canal. In some reamers, a 
reaming head may have a larger diameter then the reaming 
shaft. Thus, when pushing the reamer through the canal, the 
shaft may buckle, compromising an accuracy in directing the 
reamer. The risk of inaccurate reaming is that the reamer may 
depart from the canal through a side of the bone, damaging 
arteries, veins or nerves, or even penetrating the lung. One 
method of guiding drills or reamers in trauma-Surgery is 
placing K-wires and then over-drilling the hole produced by 
the K-wire with a hollow reamer or drill. K-wires may be 
placed accurately in bones because the diameter to length 
ratio is such that flexibility is sufficient and relatively little 
buckling takes place. In case of the clavicle bone, a relatively 
thin canal needs to be reamed, of approximately 3 to 4 mm 
diameter. A hollow reamer to be guided over a K-wire would 
require a critical Small wall-thickness, especially if the initial 
flexibility is required. 
0023 The reamer according to an exemplary embodiment 
of the present invention is a K-wire having a reamer head. 
0024. The reamer may have a plurality of reamer heads 
arranged from a leading end to a trailing end. The reamer 
heads may increase in diameter from the leading end to the 
trailing end. 
0025. The leading end may be for penetration or insertion 
end of the K-wire into a bone. The leading end may have a tip 
for perforating a bone. The tip may be pointed. Alternatively, 
the tip may be round and feature cutting grooves therein. 
0026. The position of the reamer head or first reamer head 
on the K-wire may be chosen to leave a trailing end portion of 
the K-wire sticking out of the reamed bone. 
0027. According to a further aspect of the present inven 
tion, a kit is provided comprising a Surgical nail according to 
the invention, a proximal aiming arm and a distal aiming arm. 
An advantage of the kit is the attachment of a proximal and a 
distal aiming arm, which prevents the nail from being dis 
placed within the bone due to detaching a single aiming arm 
from one end and attaching the same at the other end of the 
nail. 
0028. In another exemplary embodiment, the kit further 
comprises a reamer according to the invention. 
0029. According to a further aspect of the invention, there 

is provided a method for bone fixation, particularly of a 
clavicle using the Surgical nail according to the invention and 
comprising the following steps: 

0030 a. inserting the surgical nail, particularly the 
clavicle nail into a fractured bone at an acute angle with 
respect to the longitudinal axis of the bone after frag 
ment alignment, wherein a proximal opening in a first 
bone fragment and a distal opening in a second bone 
fragment is established in the bone; 
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0031 b. attaching the distal aiming arm to the distal end 
of the nail body; 

0032 c. attaching the proximal aiming arm to the proxi 
mal end of the nail body; 

0033 d. drilling the proximal locking holes into the 
bone by guiding a drill-bit by means of the proximal 
aiming arm; 

0034 e. advancing the proximal locking screws into the 
bone through the guide bores in the proximal aiming 
arm, 

0035 f. drilling the distallocking holes into the bone by 
guiding a drill-bit by means of the distal aiming arm; 

003.6 g. advancing the distal locking screws into the 
bone through the guide bores in the distal aiming arm; 

0037 h. removing the proximal and distal aiming arm; 
and 

0038 i. closing the two incisions in the patient’s body. 
0039. One advantage of the method is that each aiming 
guide may be attached to one end of the nail body so that each 
aiming guide has to bridge only a short distance to the respec 
tive locking apertures. This configuration of a proximal and a 
distal aiming arm provides accurate alignment of guide holes 
in the aiming arm with the locking apertures of the nail body, 
particularly for the distal guide bores relative to the distal 
locking apertures when the nail is bent or twisted during 
insertion into the bone. Another advantage of the method is 
that the attachment of both a proximal and a distal aiming arm 
prevents the nail from being displaced within the bone due to 
detaching a single aiming arm from one end and attaching the 
same at the other end of the nail. 

0040 Preferably, the method is applied for fixation of a 
fractured clavicle. Thereby, in a preferred first embodiment of 
the method the clavicle nail is inserted into a clavicle from an 
antero-medial to postero-lateral direction. The clavicle nail is 
inserted into the clavicle with the proximal end of the nail 
body located at the medial endportion of the clavicle and with 
the distal end of the nail body located at the lateral end portion 
of the clavicle. Preferably, before insertion of the nail, a hole 
may be formed in the fractured clavicle after fragment align 
ment from antero-medial to postero-lateral and at an acute 
angle to the medullary canal of the clavicle, preferably by 
using the Surgical reamer according to the invention. 
0041. In a second embodiment the clavicle nail may be 
inserted from postero-lateral to antero-medial. In this case the 
clavicle nail is inserted into the clavicle with the proximal end 
of the nail body located at the lateral end portion of the 
clavicle and with the distal end of the nail body located at the 
medial end portion of the clavicle. 
0042 Preferably, before insertion of the nail, a hole is 
formed in the fractured clavicle after fragment alignment 
from postero-lateral to antero-medial and at an acute angle 
with respect to the medullary canal of the clavicle, preferably 
by using the Surgical reamer according to the invention. 
0043. In another exemplary embodiment, the method fur 
ther comprises the steps of pushing the Surgical nail into the 
bone distally so that the one or more distal locking apertures 
protrude from the surface of the bone, verifying the alignment 
of the guide bores in the distal aiming arm with respect to at 
least one of the distallocking apertures of the Surgical nail and 
pulling the nail body of the Surgical nail proximally into the so 
that the proximal end of the nail body protrudes from the 
surface of the bone. An advantage of this embodiment of the 
method is the alignment of the guide bores of a distal aiming 
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arm attached to the distal end of the Surgical nail can be 
verified after insertion of the surgical nail into a bone and 
corrected if necessary. 
0044. In again a further exemplary embodiment the 
method further comprises the step of cutting off a portion of 
the proximal and distal rods extending proximally and dis 
tally beyond a proximal and distal Surface of the bone, respec 
tively, at the bone interface. Alternatively, or in addition, the 
method comprises removing a portion of one or each connec 
tion element that is removably coupled to the nail body. 
0045. In yet a further exemplary embodiment the method 
further comprises the step of placing the end cap on an exter 
nal thread at the proximal end of the nail body. 
0046 According to an exemplary embodiment of the 
method for fixation of a fractured clavicle by inserting a 
clavicle nail from antero-medial to postero-lateral, the 
method comprises the steps of 

0047 1) selecting a suitable clavicle nail, particularly 
with regard to the length and the diameter of the Surgical 
nail as well as with regard to the distance between the 
proximal and distal locking apertures; 

0.048 2) connecting the clavicle nail to an insertion 
handle; 

0049 3) inserting the clavicle nail into the fractured 
clavicle after fragment alignment from antero-medial to 
postero-lateral. Two small skin-incisions are necessary. 
The clavicle nail is inserted laterally so that the distal 
portion comprising the distal locking apertures pro 
trudes from the lateral end portion of the clavicle: 

0050. 4) placing the distal aiming arm over the distal rod 
of the clavicle nail; 

0051 5) positioning the distal aiming arm so that it 
abuts against the shoulder at the transition between the 
distal rod with a smaller diameter d and the nail body 
with a diameter Dodd and tightening of the fixation screw 
for locking the distal aiming arm to the clavicle nail; 

0.052 6) engaging the fixation screw of the distal aiming 
arm into the notch in the distal rod of the clavicle nail for 
rotational and axial alignment to the corresponding dis 
tallocking apertures of the clavicle nail; 

0.053 7) inserting the protection sleeve into a guidebore 
in the distal aiming arm; 

0054) 8) verifying the alignment of the guide bores in 
the distal aiming arm with a drill-bit passing through the 
protection sleeve and into the respective one of the distal 
locking apertures. For this control step the clavicle nail 
was pushed through the clavicle as far laterally so that 
the distal portion comprising the distal locking apertures 
protrudes from the lateral end portion of the clavicle: 

0.055 9) removing the protection sleeve and the drill 
bit. Then, the nail body of the clavicle nail with the distal 
aiming arm attached is pulled medially into the clavicle 
as far as the external thread at the proximal end of the 
nail body protrudes from the medial end portion of the 
clavicle using the insertion handle; 

0056 10) placing the proximal aiming arm over the 
proximal coupling portion of the clavicle nail, 

0057 11) locking the proximal aiming arm with the 
fixation screw; 

0.058 12) drilling the proximal locking holes into the 
clavicle by guiding a drill-bit by means of the protection 
sleeve inserted into the respective guide bore in the 
proximal aiming arm; 
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0059 13) placing the proximal locking screws through 
the protection sleeve inserted into the respective guide 
bore in the proximal aiming arm; 

0060. 14) drilling the distal locking holes into the 
clavicle by guiding a drill-bit by means of the protection 
sleeve inserted into the respective guidebore in the distal 
aiming arm; 

0061 15) placing the distal locking screws through the 
protection sleeve inserted into the respective guide bore 
in the distal aiming arm; 

0062 16) removing the proximal and distal aiming arm; 
0063. 17) cutting off of the distal rod at the bone inter 
face and cutting off the proximal rod at the proximal end 
behind the external thread of the nail body; 

0064. 18) placing the end cap onto the external thread of 
the nail body, protecting the proximal end of the nail 
body from bone ingrowth; and 

0065. 19) closing the medial and lateral incision in the 
patient’s body. 

0066. According to an exemplary embodiment, the 
clavicle nail may be removed from the clavicle by: 

0067 i. removing the end cap from the proximal end of 
the nail body of the clavicle nail; 

0068 ii. attaching the removal instrument to the exter 
nal thread at the proximal end of the nail body. The 
locking screws have to remain in place to prevent the 
clavicle nail from rotation during attachment of the 
removal instrument; 

0069 iii. removing the locking screws; and 
0070 iv. removing the clavicle nail from the clavicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

(0071. Several embodiments of the invention will be 
described in the following by way of example and with ref 
erence to the accompanying drawings in which: 
0072 FIG. 1 illustrates a perspective view of a first 
embodiment of the Surgical nail according to the invention; 
0073 FIG. 2 illustrates a lateral view of the first embodi 
ment of the Surgical nail according to FIG. 1; 
0074 FIG. 3 illustrates a perspective view of an embodi 
ment of the kit according to the invention; 
0075 FIGS. 4-22 illustrate a perspective view of the 
method for bone fixation according to the invention; 
0076 FIG. 23-26 illustrate a perspective view of the 
removal of the Surgical nail according to the invention; 
0077 FIG. 27 illustrates a cross-section through the sur 
gical nail and the distal aiming arm of a further embodiment 
of the kit according to the invention; 
0078 FIG. 28 illustrates a lateral view of an embodiment 
of the reamer according to the invention; 
0079 FIG. 29 illustrates a magnified view of the front 
portion of the embodiment of the reamer according to FIG. 
28; 
0080 FIG. 30 illustrates a magnified view of the rear por 
tion and the reamer head of the embodiment of the reamer 
according to FIG. 28; 
I0081 FIGS. 31 to 34 illustrate the application of the 
embodiment of the reamer according to FIG. 28: 
0082 FIG. 35 illustrates a perspective view of a second 
embodiment of the Surgical nail according to the invention; 
I0083 FIG. 36 illustrates another perspective view of the 
second embodiment of the Surgical nail according to the 
invention; 
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I0084 FIG. 37 illustrates a perspective view of an alterna 
tive end portion of the second embodiment of the surgical nail 
according to the invention; 
I0085 FIG. 38 illustrates a perspective view of a third 
embodiment according to the invention; 
I0086 FIG. 39 illustrates a perspective view of a fourth 
embodiment of the Surgical nail according to the invention; 
I0087 FIG. 40 illustrates a side view of the surgical nail of 
FIG. 39; 
I0088 FIG. 41 illustrates a perspective view of a fifth 
embodiment of the Surgical nail according to the invention; 
I0089 FIG. 42 illustrates an enlarged perspective view of a 
portion of the surgical nail of FIG.41: 
(0090 FIG. 43 illustrates a perspective view of a second 
embodiment of the reamer according to the invention; 
(0091 FIG. 44 illustrates a perspective view of a third 
embodiment of the reamer according to the invention; 
0092 FIG. 45 illustrates a perspective view of an alternate 
embodiment of the reamer of FIG. 44; 
0093 FIG. 46 illustrates a side view of a fourth embodi 
ment of the reamer according to the invention; 
0094 FIG. 47 illustrates an enlarged cross-sectional view 
of a proximal end of the reamer of FIG. 46: 
(0095 FIG. 48 illustrates a perspective view of the reamer 
of FIG. 46 coupled to a Surgical nail according to the inven 
tion; 
0096 FIG. 49 illustrates a perspective view of a system 
according to another exemplary embodiment of the inven 
tion; 
(0097 FIG. 50 illustrates a perspective view of a sixth 
embodiment of a Surgical nail according to the invention; 
(0098 FIG. 51 illustrates a perspective view of a sixth 
embodiment of the surgical nail of FIG. 50 showing fixation 
elements in situ; 
(0099 FIG. 52 illustrates a perspective view of an end cap 
according to another exemplary embodiment of the present 
invention; 
0100 FIG. 53 illustrates another perspective view of the 
end cap of FIG. 52; 
0101 FIG. 54 illustrates a longitudinal cross-sectional 
view of the end cap of FIG. 52; 
0102 FIG.55 illustrates a side view of the end cap of FIG. 
52 and a Surgical nail according to an exemplary embodiment 
of the present invention; 
(0103 FIG. 56 illustrates a side view of the end cap of FIG. 
52 and a Surgical nail according to another exemplary 
embodiment of the present invention; 
0.104 FIG. 57 illustrates a cross-sectional view of an end 
cap according to another embodiment of the present inven 
tion; and 
0105 FIG. 58 illustrates a perspective view of the end cap 
of FIG. 57. 

DETAILED DESCRIPTION 

0106 The present invention may be further understood 
with reference to the following description and the appended 
drawings, wherein like elements are referred to with the same 
reference numerals. The present invention relates to the treat 
ment of bone fractures and, in particular, relates to devices for 
fixing clavicle bone fractures. Exemplary embodiments of the 
present invention describe a nail that may be inserted along a 
length of a clavicle bone to fix a fracture thereof. The nail may 
be fixed within the bone using an aiming device to guide 
drilling instruments and/or bone fixation elements through 
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the bone and into corresponding locking apertures of the nail. 
It should be noted that the terms “proximal’ and “distal’ as 
used herein, are intended to refer to a direction toward (proxi 
mal) and away from (distal) a user of the device. It should also 
be noted that the terms “medial” and “lateral as used herein 
are intended to indicate a direction toward (medial) and away 
from (lateral) a midline of the body of a patient within which 
a nail is to be implanted. 
0107 As shown in FIGS. 1-22, a system and method 
according to a first embodiment of the present invention com 
prises a clavicle nail 1 sized and shaped for insertion into a 
clavicle 9 to fix a fracture thereof. The nail 1 may be inserted 
into the clavicle 9 using a handle 15 and fixed therein by 
inserting bone fixation elements such as locking screws 24 
through the clavicle 9 and into proximal and distal locking 
apertures 5, 6 of the nail 1. The system may further comprise 
proximal and distal aiming devices 13, 14, as shown in FIG. 
27, which may be attached to the nail 1, for aligning a drill 
and/or the bone fixation elements with corresponding ones of 
the proximal and distal locking apertures 5, 6. In a further 
embodiment, the system may further comprise a reamer 30, 
as shown in FIGS. 28-32, for drilling a hole 32 through the 
clavicle 9 within which the nail 1 is to be accommodated. 

0108. As shown in FIGS. 1-3, the nail 1 includes a nail 
body 12 extending along a longitudinal axis 2 from a proxi 
mal end 3 to a distal end 4 along with a proximal connecting 
element 28 at the proximal end 3 and a distal connecting 
element 27 at the distal end 4 for coupling the proximal and 
distal aiming arms 13, 14, respectively, to the nail body 12. 
The proximal locking apertures 5 and the distallocking aper 
tures 6 extend transversely through the nail body 12 proxi 
mate the proximal and distal ends 3, 4, respectively, for lock 
ing the nail body 12 relative to the clavicle 9. Upon fixation of 
the nail body 12 within the clavicle 9, the proximal and distal 
connecting elements 28, 27 may be cut off and/or removed 
from the nail body 12. 
0109 The nail body 12 may be sized and shaped for inser 
tion into the medullary canal of the clavicle 9. The size of the 
medullary canal can be adapted to Suit particular patient 
anatomies and the amount of flexibility required due to the 
shape of the clavicle. For example, if the diameter of a 
patient’s clavicle is small, the nail body 12 chosen will have 
a smaller diameter. In another, example, if the patients 
clavicle is more curved than the average clavicle, then a 
smaller diameter nail body 12 is chosen to provide additional 
flexibility. In exemplary embodiments, diameters ranging 
from 2.5 mm up to 5.0 mm can be provided. For example, in 
the exemplary embodiments, the nail body 12 may have a 
diameter of 2.5 mm, 3.0 mm, 3.5 mm, 4.0 mm, 4.5 mm or 5.0 

0110. Other factors may also affect the flexibility of the 
nail body 12. For example, the nail body 12 may be manu 
factured from a material having a desired Young's modulus or 
bending stiffness, Such as titanium, stainless steel, titanium 
alloys. Other factors affecting the flexibility include geom 
etry of the plane area, for example, the shape: circular, square, 
flat, egg-shaped, or the diameter. The skilled person could of 
course combine one or more of these factors to provide a nail 
with the desired flexibility. 
0111 Screws that may be used with the nail body 12 also 
vary according to the diameter of the nail body 12. For 
example, in an embodiment including a nail body 12 with a 
diameter of 2.5 mm, the screws may have a diameter up to 2.0 
mm. In an embodiment having a nail body 12 with a diameter 
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of 3.0 mm, the screws may have a diameter up to 2.4 mm. In 
an embodiment having a nail body 12 with a diameter of 3.5 
mm or greater, the screws may have a diameter up to 2.7 mm. 
It will be understood by those of skill in the art, however, that 
other screws sizes and diameters are also possible. 
0.112. As can be seen in FIG. 3, the clavicle 9 into which 
the nail 1 is to be inserted has a curved shape similar to an “S”. 
which could be described as a flattened “S” or double-curved. 
In this regard, the nail body 12 may also be shaped for inser 
tion into the medullary canal of the clavicle 9. The nail body 
12 may be curved to correspond to a curvature of the medul 
lary canal of the clavicle 9. The nail body 12 has an initial, 
undeformed shape configured to corresponds to the shape of 
the clavicle 9 in which the nail body 12 will reside when it has 
been placed in a desired position therein. Thus, deformation 
of the nail body 12 during insertion into the clavicle 9 (e.g., as 
portions of the nail body 12 pass through parts of the clavicle 
9 having shapes different from the parts in which these por 
tions of the nail body 12 will reside) will be temporary and the 
nail body 12 will tend to revert to the original, undeformed 
shape when the nail body 12 reaches the final position. A user 
(e.g., Surgeon) may then accurately determine the location of 
the proximal and distal locking apertures 106, 108 using an 
aiming device calibrated to the initial undeformed shape of 
the nail body 12. Depending on the entrance and exit point of 
the nail, the curvature can be C-shaped. Based on anatomical 
data the curvature is expected to have a radius between 90 and 
150 mm. The proximal end 3 of the body 12 also includes a 
threaded portion 23, which may additionally be used to fix the 
nail 1 within the clavicle 9 and/or to aid in removal of the nail 
body 12, if required. An end cap 25 may also be placed over 
the threaded portion 23 once the body 12 has been fixed 
within the clavicle 9, as desired. 
0113. The nail body 12 may also be formed of an elastic 
material which permits some flexing during insertion of the 
nail 1 into the bone, but which also allows the nail body 12 to 
revert to its original curved shape when it has been completely 
inserted to a desired position within the bone. Those skilled in 
the art will understand that the term flexible used in this 
context indicates a degree offlexibility sufficient to enable the 
nail body 12 to deform as it is inserted through the medullary 
canal without damaging the clavicle 9. 
0114. The proximal locking apertures 5 extend through a 
proximal portion 16 of the nail body 12 at a position separated 
from a proximal end 3 of the nail body 12 by a distance L. 
The distal locking apertures 6 extend through a distal portion 
17 of the nail body 12 at a distance L, from the distal end 4 of 
the nail body 12. As would be understood by those skilled in 
the art, the proximal and distal locking apertures 5, 6 may be 
partially circular (or any other suitable shape), extending 
about an angle ranging from between 45° to 270°, and open to 
an exterior of the nail body 12. Specifically, the proximal and 
distallocking apertures 5, 6 may beformed as substantially U 
or C-shaped grooves 37 extending through a surface of the 
nail body 12, each of which has a central axis 38 along which 
a bone fixation element may be inserted. The central axes 38 
may be offset from and substantially perpendicular to the 
longitudinal axis 2. The grooves 37 have a depth T, a width W. 
which is equal to twice the radius R of the partially circular 
locking apertures 5, 6. Thus, the depth T is greater than the 
radius R but smaller thana shaft diameter of the locking screw 
24 so that a locking screw 24 (FIG. 15) with a shaft diameter 
corresponding to the width W of the groove 37 fits into the 
groove 37 along the central axis 38. 
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0115. In the first embodiment, the nail body 12 includes 
two proximal locking apertures 5 and two distal locking aper 
tures 6. The central axes 38 of the two proximal locking 
apertures 5 are arranged, for example, at an angle of 90° with 
respect to the central axes 38 of the two distal locking aper 
tures 6. The two distal locking apertures 6 extend through 
opposing sides of the nail body 12 Such that the central axes 
38 of the two distal locking apertures 6 are on opposite sides 
of the longitudinal axis 2 of the nail body 12 and are parallel 
to one another. In addition, the two distal locking apertures 6 
may be longitudinally spaced from one another by a distance, 
as shown in FIG. 2. Similarly, the two proximal locking 
apertures 5 may extend through opposite sides of the nail 
body 12 such that the central axes 38 of the proximal aper 
tures 5 are located on opposite sides of the longitudinal axis 2 
of the nail body 12 and are substantially parallel to one 
another. In addition, the two proximal locking apertures 5 
may be longitudinally spaced from one another by a distance 
B. In one embodiment, the distance B may be equal to the 
distance A. In another embodiment, the distance B may be 
different from the distance A by which the distal locking 
apertures 6 are spaced from each other. The clavicle nail 1 
may be inserted into the clavicle 9 so that the central axes 38 
of the distal locking apertures 6 are proximate a medial end 4 
of the clavicle 9 and extend in an antero-posterior direction 
while the central axes 38 of the proximal locking apertures 5 
are located proximate a lateral end of the clavicle 9 and extend 
in a Sagittal direction. For example, in a preferred embodi 
ment, the clavicle nail 1 is inserted from antero-medial to 
postero-lateral Such the proximal locking apertures 5 are 
located medially while the distal locking apertures 6 are 
located laterally. It will be understood by those of skill in the 
art, however, that the nail 1 may also be inserted such that the 
proximal locking apertures 5 are located laterally while the 
distal locking apertures 6 are located medially. 
0116. The proximal connecting element 28 may include a 
proximal rod 7 extending proximally from a proximal end 3 
of the nail body 12 to a proximal end 51 substantially coaxial 
with the longitudinal axis 2 of the nail body 12. The proximal 
end 51 of the proximal rod 7 is adapted and configured to be 
coupled to the handle 15 for inserting the nail 1 into the 
clavicle 9. The proximal end 51 may be, for example, polygo 
nally shaped to mate with a portion of the handle 15. The 
distal connecting element 27 includes a distal rod 8 extending 
distally from the distal end 4 to a distal end 52 substantially 
coaxial with the longitudinal axis 2 of the nail body 12. The 
distal end 52 of the distal rod 8 may be conically shaped to 
facilitate insertion of the clavicle nail 1 into the clavicle 9. 
Each of the proximal and distal rods 7, 8 may include a 
Substantially cylindrical portion having a diameter d which is 
smaller than a diameter D of the nail body 12 so that a 
shoulder 18 is formed where the proximal and distal rods 7, 8 
meet the nail body 12. Alternatively, one or both of the proxi 
mal and distal rods 7, 8 may have a non-circular cross-section 
(e.g. a polygonal cross-section) which is no larger than a 
cross-section of the nail body 12 so that the proximal and 
distal rods 7, 8 may be easily inserted into the hole 32 formed 
through the clavicle 9 to accommodate the nail 1. 
0117. Each of the proximal and distal rods 7, 8 includes a 
notch 29 for receiving a tip 40 of a fixation screw 19 which 
may be used to fix the proximal and distal aiming arms 13, 14 
to the proximal and distal rods 7, 8 respectively. Each notch 
29 may be configured as a through bore 33 extending trans 
versely through the proximal and distal rods 7, 8, respectively. 
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Further, the through bore 33 in the proximal rod 7 extends 
along abore axis parallel to the central axes 38 of the proximal 
locking apertures 5 and the through bore 33 in the distal rod 8 
extends along a bore axis parallel to the central axes 38 of the 
distal locking holes 6. The proximal rod 7 has a length L. 
extending from the proximal end 3 of the nail body 12 to the 
proximal end 51 which may, for example, be approximately 
four times the length L, of the distal portion 17 in which the 
distal locking apertures 6 are located. The distal rod 8 has a 
length La extending from the distal end 4 the nail body 12 to 
the distal end 52, which may, for example, be approximately 
two times the length Le of the proximal portion 16 in which 
the proximal locking apertures 5 are located. In an alternative 
embodiment, the length Lofthe distal rod 8 may be substan 
tially equal to the length L, of the proximal rod 7. 
0118 FIGS. 35 and 36 show a nail 1a of a second embodi 
ment of the present invention. The nail 1a may be substan 
tially similar to the nail 1, as described, above, comprising a 
nail body 12a along with a distal connecting element 27a and 
a proximal connecting element 28a. The distal and proximal 
connecting elements 27a, 28a may beformed as, for example, 
rod-shaped distal and proximal portions 8a, 7a, respectively. 
It should be noted that different parts have been numbered 
accordingly. 
0119. In the nail 1a, the distal connecting element 27a and 
the proximal connecting element 28a are removably coupled 
to the nail body 12a. The removably coupled distal and proxi 
mal connecting elements 27a, 28a are press-fitted into open 
ings 100, 101 formed in the distal and proximal ends 4a,3a, 
respectively. The press-fit connection between the connecting 
elements 27a, 28a and their respective ends 4a,3a holds these 
parts together by friction so that inadvertent or unexpected 
removal is prevented. 
I0120 FIG. 35 shows the proximal end 3a having an open 
ing 100 leading into a channel 102. The proximal connecting 
element 28a has a proximal element coupling portion 103 that 
is cylindrical in shape. The proximal element coupling por 
tion 103 has a smaller diameter than the remainder of the 
proximal connecting element 28a. The opening 100 and 
channel 102 are sized and shaped to receive the proximal 
element coupling portion 103 therein and to form the press fit. 
In this regard, the opening 100 and channel 102 are circular in 
shape and have a diameter slightly less than the diameter of 
the proximal element coupling portion 103. It is of course 
possible that other shapes and configurations of the proximal 
element coupling portion 103 and the opening 100 and chan 
nel 102 could be used as would be understood by the person 
skilled in the art. 

I0121 FIG. 36 shows the distal end 4a having an opening 
101 into a channel 104. The distal connecting element 27a has 
a distal element coupling portion 105 that is cylindrical in 
shape. The distal element coupling portion 105 has the same 
diameter as the remainder of the distal connecting element 
27a. The opening 101 and channel 104 are sized and shaped 
to receive the distal element coupling portion 105 therein and 
to form the press fit. In this regard, the opening 101 and 
channel 105 are circular in shape and have a diameter slightly 
less than the diameter of the distal element coupling portion 
105. 

I0122. It is of course possible that other shapes and con 
figurations of either or both of the proximal and/or distal 
element coupling portions 103,105 and the opening 101,100 
and channel 102, 104 could be used as would be understood 
by the person skilled in the art. 



US 2014/01881 13 A1 

0123. In an exemplary embodiment of the second embodi 
ment, each part of the nail 1a is fabricated from the same 
material such as TAN. However, as will understood by the 
person skilled in the art the nail 1a could comprise a nail body 
12a of TAN and distal and proximal connecting elements 27a, 
28a fabricated from titanium or any other suitable material. 
Any combination of parts comprising different or the same 
suitable materials is of course possible as will be understood 
person skilled in the art. 
0.124. The nail 1a has been described as having press-fitted 
distal and proximal connecting elements. However, other 
variants of removable coupling arrangement are of course 
possible. An example of such a variant is shown in FIG. 37 
where a coupling portion 105a is externally threaded and the 
opening and channel 101a, 104a are internally threaded. In 
another variant (not shown), the removable coupling between 
the connection elements and the nail body use a bayonet-type 
connection. 

0.125. In other variants (not shown) distal connecting and 
proximal connecting elements are welded, for example laser 
welded, or glued to a nail body. In these variants, the elements 
are coupled to the nail body with a predefined breaking force. 
0126. As will be understood by the skilled person a nail 
can be fabricated using any combination of the different vari 
ants of removable coupling. For example, a nail could be 
fabricated where the distal connection element is press-fitted 
into the nail body and the proximal connection element is 
welded to the nail body. 
0127. In a third embodiment shown in FIG. 38, a nail 1b 
may be substantially similar to the nails 1, 1a, as described 
above, but has a proximal connecting element 28b that is 
Substantially similar to the proximal connecting element 28 
as described for the first embodiment of the nail 1 and the 
distal connecting element 27b that is substantially similar to 
the distal connecting element 27a as described for the second 
embodiment of the nail 1a, or one of the described variants. 
That is, the proximal connecting element 28b is integrated 
with the nail body 12b and the distal connecting element 27b 
is removably coupled to the nail body 12b according to one of 
the described variants, for example, the distal connecting 
element 27b is press-fitted into the nail body and can be 
removed using an instrument (not shown). 
0128. As will be described in more detail below, in this 
embodiment the proximal connecting element 28b is cut off 
after implantation and an endcap 25 is provided to cover any 
sharp edges resulting from the cutting to provide soft tissue 
protection. After the endcap 25 is positioned, the distal end is 
pressed in and the distal connecting element 27b can be 
removed using an instrument (not shown). 
0129. According to a fourth exemplary embodiment, as 
shown in FIGS. 39-40, a nail 1c may be substantially similar 
to the nail 1 described above. Specifically, the nail 1c com 
prises a nail body 12c along with a proximal connecting 
element 28c and a distal connecting element 27c. The proxi 
mal and distal connecting elements 28c. 27.c may be formed 
as, for example, rod-shaped proximal and distal portions 7c, 
8c, respectively. The proximal and/or distal rods 7c. 8c may 
be keyed to a portion of the proximal and distal aiming arms 
13, 14 to prevent the aiming arms 13, 14 from rotating relative 
to the nail 1c. For example, the proximal and distal rods 7c, 8c 
may include planar surfaces 107c, 108c, respectively, extend 
ing along portions thereof and corresponding to a portion of 
Surfaces of the aiming arms 13, 14. 
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0.130. The proximal and/or distal connecting elements 
28c. 27.c may also include grooves 109 extending about distal 
and proximal ends, respectively, thereof to facilitate the cut 
ting of the proximal and distal connecting elements 28c. 27c 
after implantation. The grooves 109 may extend about the 
rods 7c. 8c proximate the proximal and distal ends 3c. 4c of 
the nail body 12c. 
I0131. As shown in FIGS. 41-42, a nail 1d according to a 
further exemplary embodiment of the present invention may 
be substantially similar to any of the nails 1, 1a, 1b, 1c, 
described above. However, a nail body 12d but further 
includes a region of reduced diameter 110 that is overmolded 
with a suitable elastomer or polymer 112. The region of 
reduced diameter 110 may extend along the nail body 12d 
between proximal and distal apertures 5d, 6d such that the 
proximal and distal apertures 5d, 6d extend through non 
reduced diameter regions 114, 116 of the nail body 12d. The 
non-reduced regions 114, 116 may therefore extend along 
proximal and distal portions of the nail body 12d. The region 
110 is smaller in diameter than the regions 114, 16 to provide 
increased flexibility. For example, where the region 114,116 
have a diameter 2.5 mm, the reduced regions 110 may have a 
diameter in the range of 2.0 mm to 2.4 mm. Where the regions 
114, 116 have a diameter of 3.0 mm, the reduced diameter 
region 110 may have a diameter in the range of 2.0 mm to 2.9 
mm. Where the regions 114, 116 have a diameter of 3.5 mm. 
the reduced diameter region 110 may have a diameter in the 
range of 2.0 mm to 3.4 mm. 
0.132. To produce a nail 1d having the nail body 12d, the 
reduced diameter region 110 is formed and the elastomer or 
polymer 112 is overmolded to surround the reduced diameter 
region 110. The elastomer or polymer 112 is a visco-elastic 
and a biocompatible polymer or elastomer. Examples of Suit 
able polymers include: poly-ethylene and polyether ether 
ketone. Examples of Suitable elastomers include: polycar 
bonate-urethane (PCU) and silicone. Other suitable polymers 
or elastomers may also be used as long as they have aYoung's 
(E) modulus less than that of a remaining portion of the nail 
1d. The overmolded elastomer or polymer 112 in addition to 
supporting the flexibility of the nail 1d, also prevents bony in 
or on-growth onto the nail body 12d which would prevent 
Subsequent post-operative removal of the nail 1d. 
0.133 FIGS. 50 and 51 show a nail 1e of a sixth embodi 
ment of the present invention. The nail 1e may be substan 
tially similar to the nail 1, as described above, comprising a 
nail body 12e along with a distal connecting element 8e 
extending from a distal end 4e thereof. The distal connecting 
element 8e may be formed as, for example, rod-shaped distal 
end portions. It should be noted that different parts have been 
numbered accordingly. 
I0134. In the sixth embodiment, the proximal end features 
a proximal end locking aperture 5e and has no proximal 
connecting element. The proximal locking aperture 5e may 
extend from a proximal end 3e of the nail body 12e through a 
wall of the nail body 12e such that the an axis of the proximal 
locking aperture 5e is arranged at an angle relative to the 
longitudinal axis of the nail 1e. Thus, a bone fixation element 
may be inserted through the proximal end 3e to fix the nail 
body 12e to the bone and a proximal aiming guide is not 
required to guide the bone fixation element through the proxi 
mal locking aperture 5e. The angle, relative to the longitudi 
nal axis of the nail body 12e may be in a range of 10° to 170°. 
For example, the angle may be approximately 10, 15, 20°. 
250, 300,350, 40°, 450, 50°,550, 60°, 650,709,750, 809,850, 
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90°, 950, 100°, 105°, 110°, 115°, 120°, 125°, 130°, 135°, 
140°, 145°, 150°, 155°, 160°, 165° or 170°. Similarly to the 
other embodiments, as described above, there is a relationship 
between the proximal locking aperture 5e and the distal lock 
ing apertures 6e. For example, with respect to a plane extend 
ing from the longitudinal axis, the axis defined by the proxi 
mal locking aperture 5e may be offset relative to an axis 
defined by distal locking apertures 6e. For example, the axis 
of the proximal locking aperture 5e may be perpendicular to 
the distal locking apertures 6e. Alternatively, the locking 
apertures may extend in the same plane. Similarly to the other 
embodiments described above, the distal connecting element 
8e is removably coupled to the nail body 12e. The amount of 
distal connecting element 8e removed may be any length 
selected by a user. For example, the amount removed may 
correspond to an amount of the nail 1e a user determines is 
required to support healing of the clavicle in which the nail 1e 
is inserted. 

0135 A seventh embodiment of the nail 1f is shown in 
FIG. 56, the nail 1fmay be substantially similar to the nail 1e, 
described previously. The difference is that the nail 1f has no 
distal locking aperture or apertures. That is, with the excep 
tion of a thread for receiving an end cap, the distal end region 
of the nail 1f defines a smooth surface. 
0.136 FIGS. 52 to 56 show another embodiment of an end 
cap 80, which may be used similarly to an end cap 25 
described above. The end cap 80 has a body defined by a 
leading end 81, a trailing end 82, an external surface 83, and 
an internal surface 87 defining a channel A extending through 
the body 80. In the trailing end 82, a drive receiving feature 86 
is defined. The drive receiver 86 may be shaped and dimen 
Sioned to receive any driving device as would be understood 
by those skilled in the art. As shown by FIG. 54, the drive 
receiver 86 may be shaped, for example, to non-rotatably 
receive a hex-shaped drive tool therein. The end cap 80 is 
placed over a distal end of a nail 1, 1a, 1b, 1c. 1d. 1e, 1.fby 
positioning the distal end in the channel A and is secured to 
the nail and bone for covering andlocking the distal end of the 
nail 1, 1a, 1b, 1c. 1d. 1e, 1fto the bone. 
0137 As shown by FIG. 52, the external surface 83 has a 
bone engagement feature, such as an external thread 90. In a 
preferred embodiment, the external thread is a self-tapping 
thread. In the leading end region, at least one recess 84 is 
formed in the thread 90. The recess 84 breaks up the thread 90 
in the leading end region to form a flute with a self-tapping tip 
85 to provide a drill-like feature. Although the embodiment 
shown in FIG. 52, includes three recesses 84 in the leading 
end region. As those skilled in the art would understand, any 
number of recesses may be formed in the leading end region 
without departing from the scope of the invention. The 
recesses 84 are spaced equidistant from one another relative 
to a central axis passing through the body to ensure equal 
penetration of the end cap 80 into a bone. The end cap 80 may 
also include a reduced diameter portion 88 proximate the 
trailing end 82, which includes an engagement feature Such as 
an external thread extending therealong. The engagement 
feature of the reduced diameter portion 88 may, for example, 
engage an internal threading of an end cap 25, as will be 
described in further detail below. 

0138 FIGS. 57 and 58 show another embodiment of an 
end cap 80a. The end cap 80a has similar features to the end 
cap 80. FIGS. 57 and 58 are numbered to show the features 
that are different between the end caps 80 and 80a. With the 
exception of the reduced diameter portion 88a and the 
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engagement features, as described in more detail below. The 
reduced diameter portion 88a defines a featureless or smooth 
external surface. In use, the reduced diameter portion 88a 
remains uncovered after insertion into a patient. 
0.139. To engage the end caps 80, 80a to the nail and the 
bone their respective internal and external surfaces 83, 83a, 
87,87a define engagement features. The engagement feature 
on the respective internal Surface may be a nail engagement 
feature, such as an internal thread 89, 89a, and the engage 
ment on the respective external Surface may be a bone 
engagement feature, such as an external thread 90,90a. As the 
skilled person would understand, the end caps 80, 80a may 
have any relationship between the respective internal and 
external threads 89, 89a,90, to enable coupling of an end cap 
80, 80a to a nail to lock the nail to a bone and to minimize 
fracturing of the bone upon insertion of the end cap. For 
example, for the end cap 80, the internal thread 89 has the 
same pitch as the thread on a distal end of a nail 1, 1a, 1b, 1c, 
1d. 1e, 1.f. As shown in FIG. 54, the internal thread 89 and 
external thread 90 in this embodiment have the same pitch. In 
another example, for the end cap 80a the internal thread 89a 
has the same pitch as the thread on a distal end of a nail 1, 1a, 
1b, 1c. 1d. 1e, 1f. As shown by FIG. 58, the relationship 
between the internal and external threads 89a,90a is that the 
external pitch is double the internal pitch. In addition, the 
internal thread 89a has a double lead thread and the external 
thread 90a has a single lead, where the lead is the same. 
0140. In use, the end cap 80, 80a is applied to a nail 1, 1a, 
1b, 1C, 1d, 1e, 1?to lock an end, for example a distal end, of the 
nail after it has been applied to a bone (e.g., a clavicle). In a 
first step, the channel A is positioned over a distal connecting 
portion and the end cap 80, 80a is pushed along that portion 
until the thread on the nail 1, 1a, 1b, 1c. 1d. 1e, 1 for the outer 
Surface of the bone is reached. A driving device is engaged 
with the drive receiver 86 and operated to tap the external 
thread 90,90a into the bone and engage the internal thread 89, 
89a with a thread on the nail. Upon completion of the driving 
operation, the end cap 80, 80a is secured to the nail by the 
internal thread 89, 89a and locked to the bone by the external 
thread 90,90a. FIGS. 55 and 56 show the end cap 80 after 
having been coupled to a nail. Optionally, for the end cap 80. 
the end cap 25 may be placed over the reduced diameter 
portion 88 to engage the engagement feature. 
0.141. As shown in FIG.3, a kit according to a first embodi 
ment of the present invention comprises the clavicle nail 1 
along with the proximal aiming arm 13 and the distal aiming 
arm 14, which may be connected to the proximal and distal 
connecting elements 28, 27 of the clavicle nail 1 after the nail 
1 has been inserted through the clavicle 9 as will be described 
below. The proximalaiming arm13 and the distal aiming arm 
14 may be substantially identically configured so that the 
detailed description of the distal aiming arm 14 also applies to 
the proximal aiming arm 13. 
0142. As illustrated in FIG. 27, the distal aiming arm 14 
comprises a Substantially L-shaped body 41 including first 
and second extensions 53, 54 angled relative to one another, 
in a preferably perpendicular configuration. The distal aiming 
arm 14 includes a sleeve 42 at an end of the first extension 53 
of the L-shaped body 41 such that the sleeve 42 extends 
substantially parallel to the second extension 54. The sleeve 
42 includes a central bore 43 for slidably receiving the distal 
rod 8 of the clavicle nail 1 and a transverse bore 47 extending 
therethrough to accommodate a tip 40 of a fixation screw 19, 
which passes therethrough to fix the distal aiming arm 14 
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relative to the distal rod 8 of the clavicle nail 1. The first 
extension 53 may also include a lumen 46 extending along a 
length thereof and in communication with the transverse bore 
47, permitting the fixation screw 19 to be inserted into the 
lumen 46 so that the tip 40 may extend through the transverse 
bore 47 to fix the distal arm 14 relative to the distal rod 8. The 
second extension 50 of the L-shaped body 41 includes guide 
bores 21 each of which extends along a bore axis 44. The 
guide bores 21 extend through the second extension 54 trans 
versely relative to a length thereof. The guide bores 21 may 
extend through the second extension 54 such that each of the 
bore axes 44 correspond to the central axes 38 of the distal 
locking apertures 6 in the clavicle nail 1. 
0143. The fixation screw 19 may be threadably received in 
the lumen 46 so that a screw axis 45 of the fixation screw 19 
is substantially parallel to the bore axes 44 of the guide bores 
21. The fixation screw 19 comprises a knurled end portion, a 
tip 40 that may be inserted through the transverse bore 47 and 
into the notch 29 of the distal rod 8, which, as described 
above, may be a through bore 33 extending transversely 
through the distal rod 8. A shaft of the fixation screw 19 may 
be made flexible along a length thereof Via, for example, a 
plurality of grooves 48 extending around a portion of a cir 
cumference of the shaft. Thus, the fixation screw 19 may be 
tightened against the distal rod 8 even when the tip 40 of the 
fixation screw 19 is not aligned with the notch 29, permitting 
the distal aiming arm 14 to be axially and rotatably adjusted 
until the tip 40 of the fixation screw 19 snaps into the notch 29 
in the distal rod 8 of the clavicle nail 1. 

0144. In a further embodiment, as shown in FIG. 49, the 
proximal aiming arm 13 may be couplable to a compression 
nut 70 for providing compression to the fracture of the 
clavicle 9. The compression nut 70 may be rotatably coupled 
to the a portion of the aiming arm 13, which receives the 
proximal rod 7 such that rotation of the compression nut 70 
relative to the aiming arm 13, moves the nut 70 longitudinally 
relative to the aiming arm 13. 
0145 As would be understood by the skilled person, the 
kit 3 could alternatively comprise the nail 1a, 1b, 1c. 1d or one 
of the variants, or the kit could comprise a selection of nails of 
a single embodiment or a combination of embodiments. 
0146. As shown in FIGS. 28-34, the surgical reamer 30 
which may be used to form a hole 32 in the clavicle 9 to 
accommodate the nail 1, comprises a K-wire 41 extending 
along a longitudinal axis from a distal end 50 to a proximal 
end portion 35. The proximal end portion 35 includes a 
reamer head 34 integrally formed with the K-wire 41 distally 
of a proximal end 49 thereof. However, those skilled in the art 
will understand that the reamer head 34 may be formed as a 
separate member coupled to the K-wire 41. The proximal end 
49 and the distal end 50 may have a generally polygonal cross 
section such that the proximal and/or distal ends 49, 50 may 
engage a drilling or other machine to provide torque to the 
reamer 30. In a preferred embodiment, the proximal and 
distal ends 49, 50 have three flat sides extending along a 
length thereof allowing for better torque transmission of the 
drilling machine to the reamer 30. The reamer head 34 has a 
diameter substantially corresponding to the diameter D of the 
nail body 12 of the clavicle nail 1. Furthermore, the reamer 
head 34 has cutting-flutes configured, for example, in a left 
hand manner when viewed in a direction along the longitu 
dinal axis of the reamer 30 from the proximal end 49. Thus, it 
is possible for the distal end 50 of the reamer 30 to be coupled 
to a drilling machine such that the reamer 30 may be pulled 
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through the clavicle 9. In addition, it is also possible to couple 
the proximal end 49 to a drilling machine such that the reamer 
30 may be pushed through the clavicle 9. 
0147 As illustrated in FIGS. 31 and 32, the portion of the 
K-wire 41 distal of the reamer head 34 is being pressed or 
drilled through the clavicle 9 as would be understood by those 
of skill in the art. For example, a power tool or drilling 
machine may be coupled to the proximal end 49 to move the 
k-wire 41 through the clavicle 9. A length of the K-wire 41 
defines a trajectory of the reamer 30. Once the reamer head 34 
contacts a surface of the clavicle 9, the power tool or drilling 
machine is removed from the proximal end 49 of the reamer 
30 and coupled to the distal end 50 of the reamer 30. Subse 
quently, as illustrated in FIGS. 33 and 34, the reamer head 34 
of the reamer 30 is pulled and drilled through the clavicle 9 to 
drill the hole 32 in the clavicle 9 for insertion of the clavicle 
nail 1. To have a right hand rotation of the reamer 30 when the 
drilling machine is attached to the foremost portion 50 of the 
reamer 30, the cutting-flutes of the reamer head 34 are 
designed in a left-hand manner. It will be understood by those 
ofskill in the art, however, that the cutting flutes may be in any 
of a variety of configurations so long as the reamer head 34 
facilitates drilling of the hole 32 through the clavicle 9. 
0.148. In another embodiment, as shown in FIG. 43, a 
reamer 30a similarly includes a K-wire 41a and a first reamer 
head 34a. However, in this embodiment, the reamer 30a 
further includes a second reamer head 36a distal of the first 
reamer head 34a by a predetermined distance and having a 
smaller diameter than the first reamer head 34a. The distance 
between the first and second reamer heads 34a, 36a provides 
room for reamed bone material to reside therebetween. In 
addition, the two reamer heads 34a, 36a decrease the force 
required to pull the reamer 30a through the bone. 
0149. In a further embodiment, as shown in FIG. 44, a 
reamer 34b is substantially similar to the reamer 30a com 
prising a K-wire 41b along with first and second reamerheads 
34b, 36b, respectively. This reamer 34b further comprises a 
proximal portion 39b extending proximally from the first 
reamer head 34b for maintaining reduction of the clavicle 9. 
The proximal portion 39b may be a wire, as shown in FIG. 44. 
or alternatively, a cable as shown in FIG. 45. Specifically, 
after the K-wire 41b and the first and second reamer heads 
34b, 36b are drawn distally through the clavicle 9, the proxi 
mal portion 39b remains in the bone 9 to maintain the reduc 
tion. A proximal end 60b of the proximal portion 39b is 
configured for attachment to the distal end 52 of the nail 1, as 
shown in FIG. 45. For example, the proximal end 60b may 
include a female threaded component, such as a nut. The 
female threaded component may be coupled to a correspond 
ing male thread provided on the distal end 52 so that the 
proximal portion 39b may be pulled through the clavicle 9 to 
implant the nail 1 therein. As one of ordinary skill in the art 
would understand, other means for coupling the cable and the 
implant are also possible. 
0150. Alternatively, the proximal portion 60b may serve 
as a guide wire over which the nail 1 is inserted. The proximal 
portion 60b may be inserted through a channel of the nail 1 
such that the nail 1 may be slid over the proximal portion 60b 
and into the clavicle 9 therealong. Once the nail 1 has been 
properly implanted, the proximal portion 60b may be 
removed as would be understood by those skilled in the art. 
0151. In a further embodiment, as shown in FIGS. 46-48, 
a reamer 30c may have a reamer head 34c. The reamer head 
34c has the same features and properties as the reamer head 
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34. The reamer 30c has a proximal portion 39c that serves the 
same purpose as the proximal portion 39c. That is, the proxi 
mal portion 39c maintains the reduction of the bone fracture 
while the nail 1 is pulled into the clavicle 9. In this embodi 
ment, the reamer head 34c is integrally formed with the proxi 
mal portion 39b. As shown in FIG. 47, a proximal end 60c 
includes a female thread 61C. The female thread 61c is formed 
within a recess 62c located in the proximal end 60c. As 
mentioned previously, and as shown in FIG. 48, the female 
thread can be coupled to a corresponding male thread pro 
vided on the distal end 52 so that the nail 1 may be pulled 
through the clavicle bone 9. As the skilled person would of 
course understand other means of coupling together the 
reamer 30c and the nail 1 are of course possible. For example, 
the reamer 30c and the nail 1 may be coupled via bayonet 
type coupling or a press-fit coupling. FIG. 21 shows the 
reamer 104" configured for pulling the nail 102 through a 
bone 10. 

0152 Although the reamer 30c is depicted as having only 
one reamer head, it will be understood by those of skill in the 
art that the reamer 30c may include any number of reamer 
heads. For example, the reamer 30c may include the reamer 
head configuration as described above in regard to the reamer 
30b. It will be understood by those of skill in the art that any 
of the reamers 30, 30a, 30b and 30c may be utilized in the 
system of the present invention. 
0153. As shown in FIGS. 4-22, an exemplary embodiment 
of a Surgical method for fixing a fractured clavicle involves 
insertion of the clavicle nail 1 of the first embodiment from a 
postero-lateral to an antero-medial direction of the clavicle 9. 
Although the following method describes a use of the nail 1, 
it will be understood by those of skill in the art that any of the 
nails 1a-1d, as described above, may be used in place of the 
nail 1. The method may comprise the steps of selecting a 
suitable clavicle nail 1 for a fractured clavicle 9 based, for 
example, on a length and diameter of the Surgical nail 1 
relative to the dimensions of the clavicle 9 as well as a dis 
tance between the proximal and distal locking apertures 5, 6. 
The fragmented portions of the clavicle 9 may be aligned and 
the reamer 30 may be used to drill the holes 32 through the 
clavicle 9 to accommodate the clavicle nail 1. The selected 
clavicle nail 1 may then be connected to the insertion handle 
15, as shown in FIG. 4, so that the handle 15 facilitates 
insertion of the clavicle nail 1 into the fractured clavicle 9 
through the hole 32 extending through the aligned bone frag 
ments. It will be understood that two small skin-incisions may 
be necessary to permit the clavicle nail 1 to pass therethrough. 
0154 It will be understood by those of skilled in the art, 
that the reamer 30a may be used to form the hole 32 in a 
similar manner as described above in regard to reamer 30. 
Alternatively, the reamer 30b or 30c may be used to form the 
hole 32 in the clavicle 9. When the reamer 30b is used, the 
proximal portion 39b may remain within the clavicle 9 to 
maintain the reduction of the fracture, as shown in FIG. 45. As 
discussed above, the nail 1 may be slid over the proximal 
portion 39b or guided into the clavicle 9 via a pulling force on 
the proximal portion 39b. As described above, the nail 1 is 
formed so that it may flex as forces are exerted against it by the 
clavicle 9 as it is inserted along the bent path of the medullary 
canal during insertion and/or the hole 32. When the nail 1 has 
been inserted to its desired position within the clavicle 9, the 
proximal portion 39 b is removed therefrom. As one of ordi 
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nary skill in the art would understand, a similar method may 
be used when the reamer 30c is used and coupled to the nail 1, 
as shown in FIG. 48. 

0155 The clavicle nail 1 is inserted into the clavicle 9 
through the hole 32 until the distal portion 17 extends distally 
past the medial end 4 of the clavicle 9 such that the distal 
locking apertures 6 protrude from the medial end portion 10 
of the clavicle 9, as shown in FIG. 5. The distal aiming arm 14 
may then be slid over the distal rod 8 of such that the distal rod 
8 extends through the central bore 43 of the sleeve 42, as 
shown in FIG. 6. The distal aiming arm 14 may be positioned 
so that an end of the sleeve 42 abuts the shoulder 18 at the 
transition between the distal rod 8 and the nail body 12. Once 
the distal aiming arm 14 has been appropriately positioned, 
the fixation screw 19 may be inserted through the lumen 46 
such that the tip 40 of the fixation screw 40 passes through the 
transverse bore 47 and into the central bore 43, locking the 
distal aiming arm 14 relative to the clavicle nail 1, as shown in 
FIG. 7. Thus, the tip 40 of the fixation screw 19 extends into 
the notch 29 in the distal rod 8 of the surgical nail 1 such that 
the guide bores 21 of the distal aiming arm 14 are rotationally 
and axially aligned with the corresponding distal locking 
apertures 6 of the surgical nail 1. As shown in FIG. 8, a 
protection sleeve 20 may then be inserted into the guide bore 
21 in the distal aiming arm 14 to verify that the bore axes 44 
of the guide bores 21 in the distal aiming arm 14 are in 
alignment with the distal locking holes 6. A drill-bit 22 may 
be passed through the protection sleeve 20, as shown in FIG. 
9, to confirm that the drill bit 22 extends along the central axes 
of the distal locking apertures 6. Once alignment has been 
verified, the protection sleeve 20 and the drill-bit 22 may be 
removed from the distal aiming arm 14. 
0156. As shown in FIGS. 10 and 11, the nail body 12 of the 
clavicle nail 1, along with the attached distal aiming arm 14. 
may then be moved toward the lateral end 11 of the clavicle 9 
until the external thread 23 at the proximal end 3 of the nail 
body 12 protrudes from the lateral end 11 of the clavicle 9. 
The nail body 12 may be moved by pulling the insertion 
handle 15 proximally—i.e., toward the user. Once the nail 
body 12 has been positioned such that the threaded portion 23 
is immediately proximal of the lateral end 11 of the clavicle 9. 
the handle 15 may be removed and the proximal aiming arm 
13 may be slid over the proximal rod 7 of clavicle nail 1, as 
shown in FIG. 12, in the same manner as described above in 
regard to the distal aiming arm 14. The proximal aiming arm 
13 may be locked relative to the nail 1 using a fixation screw 
19, as shown in FIG. 13. As those skilled in the art will 
understand, the proximal aiming arm 13 may be coupled to 
the compression nut 70 prior to coupling the proximal aiming 
arm 13 to the proximal connecting element 28 so that the 
compression nut 70 is positioned between a proximal portion 
of the aiming arm 13 and the clavicle 9, as shown in FIG. 49. 
to compress the fracture. 
0157. Once the clavicle 9 has been compressed, as desired, 
holes corresponding to the proximal locking apertures 5 may 
be drilled into the clavicle 9 by guiding a drill-bit 22 through 
a protection sleeve 20 that has been inserted into the respec 
tive guide bore 21 in the proximalaiming arm13, as shown in 
FIG. 14. Proximal locking screws 24 may then be inserted 
through the protection sleeve 20, as shown in FIG. 15, and 
inserted into the respective guide bores 21 in the proximal 
aiming arm 13 to pass through the drilled holes in the clavicle 
9 and into the proximal locking holes 5. The drill bit 22 may 
then be similarly used to drill distal holes via the guide bores 
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21 of the distal aiming arm 14 in the clavicle 9, as shown in 
FIG. 16, to correspond to the distal locking apertures 6 of the 
nail body 12. Distal locking screws 24 are then passed 
through the protection sleeve 20 extending through the 
respective guide bore 21 in the distal aiming arm 14 to pass 
through the drilled distal hole and into the corresponding 
distal locking aperture 6, as shown in FIGS. 17 and 18. 
0158. Once the locking screws 24 have been inserted into 
the bone to fix the nail body 12 relative to the clavicle 9, the 
proximal and distal aiming arms 13, 14 may be removed from 
the nail body 1 by removing the fixation screws 19. As shown 
in FIG. 19, although the nail body 12 is fixed relative to the 
clavicle 9, thereby fixing the fracture thereof, the distal and 
proximal rods 8, 7 remain extending from the lateral and 
medial 11, 10 ends of the clavicle 9. Thus, as shown in FIGS. 
20, a portion of the distal rod 8 extending distally from the 
lateral end 11 of the clavicle 9 is cut off at the bone interface. 
Similarly, a portion of the proximal rod 7 extending proxi 
mally from the medial end 19 of the clavicle 9 is cut from a 
remaining portion there immediately proximally of the exter 
nal thread 23 of the nail body 12. An end cap 25, as shown in 
FIGS. 21 and 22, may be placed over the external thread 23 of 
the nail body 12 to protect the proximal end 3 of the nail body 
12 from bone ingrowth. The medial and lateral incisions in the 
patient’s body are then closed. It will be understood by those 
of skill in the art that where the clavicle nail is the nail 1C, the 
proximal and/or distal rods 7, 8 extending from the clavicle 9 
may be cut along the grooves 109. 
0159. Another exemplary embodiment of a surgical 
method for fixing a fractured clavicle involves insertion of the 
clavicle nail 1a of the second embodiment into the clavicle 9. 
The method is substantially as described for the first embodi 
ment with the exception that the removably coupled distal and 
proximal portions 8a, 7a are not cut but removed from the 
coupling arrangement with, for example, a tool (not shown) 
from their respective connection with the nail body 12a. That 
is, the tool is used remove the distal and proximal portions 8a, 
7a for the press-fitted coupling arrangement, for example. 
0160. In yet another exemplary embodiment of a surgical 
method, where the clavicle nail is the nail 1b of the third 
embodiment, the method is as described for the first embodi 
ment for the distal connecting element 27b and as described 
for the second embodiment for the proximal connecting ele 
ment 28b. That is, the proximal connecting element 28b is cut 
after the nail 1b has been positioned in the clavicle and is then 
covered with the endcap 25 to cover any sharp edges and 
minimize the potential for soft tissue irritation. The remov 
ably coupled distal connecting element 27b is then removed 
from its coupling arrangement with the nail body 12bby, for 
example, a tool (not shown). 
0161 In another exemplary embodiment of a surgical 
method utilizing the nail 1e, the method may be substantially 
similar to the method described above in regard to the nail 1. 
Since the nail 1e only includes a distal connecting element 8e, 
however, only the distal aiming arm 14 will be attached to the 
distal connecting element 8e to guide a drill tool and/or distal 
locking screws through the distal apertures 6e. A proximal 
locking screw may be inserted through the proximal locking 
aperture 5e via a proximal opening of the hole 32 in the 
clavicle 9. 

0162. As shown in FIGS. 23-26, a method according to 
another exemplary embodiment of the present invention 
includes removal of the clavicle nail 1 from the clavicle 9, if 
desired. The clavicle nail 1 may be removed from the clavicle 
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9 by removing the end cap 25 by unthreading the end cap 25 
from the threaded portion 23 at the proximal end 3 of the nail 
body 12, as shown in FIG. 23. A removal instrument 26, as 
shown in FIG. 24, may then be coupled to the external thread 
23 at the proximal end 3 of the nail body 12 to provide a 
gripping handle for a user. It should be noted that the locking 
screws 24 should remain in place to prevent the clavicle nail 
1 from rotation during attachment of the removal instrument 
26. Once the removal instrument 26 has been coupled to the 
nail body 12, the locking screws 24 may be removed from the 
clavicle 9, as shown in FIG. 25. Once all the locking screws 24 
have been removed, the user may, for example, draw the 
removal handle 26 proximally to pull the clavicle nail 1 from 
the clavicle 9, as shown in FIG. 26. 
0163 Although the exemplary method, as described 
above, describes insertion of the clavicle nail 1 from a pos 
tero-lateral to an antero-medial direction of the clavicle 9, it 
will be understood by those of skill in the art that the clavicle 
nail 1 may also be inserted into a clavicle 9 form antero 
medial to postero-lateral. According to an alternate embodi 
ment of the present invention, the clavicle nail 1 is inserted 
into the clavicle 9 with the proximal end 3 of the nail body 12 
located at the medial end portion 10 of the clavicle 9 and with 
the distal end 4 of the nail body 12 located at the lateral end 
portion 11 of the clavicle 9. As will be understood by those 
skilled in the art this embodiment of the surgical method is 
substantially similar to the exemplary method described 
above. The method for fixation of a fractured clavicle by 
inserting a clavicle nail from antero-medial to postero-lateral 
may be performed by using the same clavicle nail 1 and the 
same instruments, as discussed above. The same proximal 
and distal aiming arm 13, 14 may also be used. The clavicle 
nail 1, however, should be rotated about its longitudinal axis 
2 approximately 90° so that the central axes 38 of the proxi 
mal locking apertures 5 extend in an antero-posterior direc 
tion and the central axes 38 of the distal locking apertures 6 
extend in a Sagittal direction. As would be understood by 
those of skill in the art, the clavicle nail 1 is inserted from the 
medial end 10 to the lateral end 11 of the clavicle 9 until the 
distal portion 17 of the nail 1, comprising the distal locking 
apertures 6, protrudes distally from the lateral end portion 11 
of the clavicle 9. Similarly, once alignment of the guide bore 
21 and the distal locking apertures 6 have been verified, as 
described above, the nail body 12 of the clavicle nail 1, with 
the distal aiming arm 14 attached, is moved medially into the 
clavicle 9 until the external thread 23 at the proximal end 3 of 
the nail body 12 protrudes from the medial end portion 10 of 
the clavicle 9. The nail body 12 may be moved accordingly 
by, for example, pulling the insertion handle 15 attached to 
the proximal end 51 of the nail 1. 
0164. Although the invention and its advantages have been 
described in detail, it should be understood that various 
changes, Substitutions, and alterations can be made herein 
without departing from the spirit and scope of the invention as 
defined by the appended claims. Moreover, the scope of the 
present application is not intended to be limited to the par 
ticular embodiments of the process, machine, manufacture, 
composition of matter, means, methods and steps described in 
the specification. As one of ordinary skill in the art will 
readily appreciate from the disclosure of the present inven 
tion, processes, machines, manufacture, composition of mat 
ter, means, methods, or steps, presently existing or later to be 
developed that perform substantially the same function or 
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achieve Substantially the same result as the corresponding 
embodiments described herein may be utilized according to 
the present invention. 
0.165. It will be appreciated by those skilled in the art that 
various modifications and alterations of the invention can be 
made without departing from the broad scope of the appended 
claims. Some of these have been discussed above and others 
will be apparent to those skilled in the art. 

1-54. (canceled) 
55. A device, comprising: 
a nail body sized and shaped for insertion into a medullary 

canal of a bone to be treated, the body extending along a 
longitudinal axis from a proximal end to a distal end and 
including a first locking aperture extending from the 
proximal end through a wall of the nail body such that an 
axis of the first locking aperture extends at an angle with 
respect to the longitudinal axis and a second locking 
aperture extending transversely through a distal portion 
of the nail body; and 

a connecting element coupled to the distal end of the nail 
body, the connecting element extending from the distal 
end of the nail body by a length selected so that, when the 
nail body is implanted to a desired position within the 
medullary canal, at least a portion of the connecting 
element projects out of the bone for coupling to an 
aiming guide external to the bone. 

56. The device of claim 55, wherein the nail body has a 
flexibility selected so that the nail body is deformable during 
insertion into the medullary canal, the nail body returning 
toward the initial undeformed configuration upon reaching 
the desired position. 

57. The device of claim 55, wherein the connecting ele 
ment is a rod distally from the distal end substantially coaxi 
ally with the longitudinal axis of the nail body. 

58. The device of claim 55, wherein the second locking 
aperture is a U-shaped groove offset from the longitudinal 
axis of the nail body and open to an exterior of the nail body. 

59. The device of claim 55, further comprising a third 
locking aperture extending transversely through the distal 
portion of the nail body, proximally of the second locking 
aperture. 

60. The device of claim 59, wherein an axis along which the 
third locking aperture extends is substantially parallel to an 
axis along which the second aperture extends. 

61. The device of claim 59, wherein the third locking 
aperture is a U-shaped groove offset from the longitudinal 
axis of the nail body and open to an exterior of the nail. 

62. The device of claim 59, wherein the second locking 
aperture extends through a first portion of the nail body on a 
first side of the longitudinal axis and the third locking aperture 
extends through a second portion of the nail body on a second 
side of the longitudinal axis opposite the first side. 

63. The device of claim 55, wherein an angle of the axis of 
the first locking aperture relative to the longitudinal axis is 
between 10 degrees and 170 degrees. 
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64. The device of claim 55, wherein the connecting ele 
ment includes a bore extending transversely therethrough 
along a bore axis Substantially parallel to a central axis of the 
second locking aperture. 

65. The device of claim 55, wherein a plane including the 
axis of the first locking aperture and the longitudinal axis of 
the nail body is perpendicular to a plane including an axis of 
the second locking aperture. 

66. The device of claim 55, wherein the distal end of the 
nail body includes a first engagement feature and a proximal 
end of the connecting element includes a corresponding sec 
ond engagement feature for coupling the connecting element 
to the nail body. 

67. The device of claim 66, wherein the first engagement 
feature includes threading on an exterior of the distal end of 
the nail body and the second engagement feature is corre 
sponding threading on an interior Surface of a recess at the 
proximal end of the connecting element. 

68. The device of claim 65, further comprising an end cap 
coupleable to the proximal end of the nail body when the 
connecting element is decoupled therefrom. 

69. The device of claim 68, wherein the end cap is mount 
able over the distal end of the nail body. 

70. The device of claim 69, wherein the end cap includes a 
threading along an exterior Surface for engaging a bone. 

71. A system for treating a nail, comprising: 
a nail body sized and shaped for insertion into a medullary 

canal of a bone to be treated, the body extending along a 
longitudinal axis from a proximal end to a distal end and 
including a first locking aperture extending from the 
proximal end through a wall of the nail body such that an 
axis of the first locking aperture extends at an angle with 
respect to the longitudinal axis and a second locking 
aperture extending transversely through a distal portion 
of the nail body; 

a connecting element coupled to the distal end of the nail 
body, the connecting element extending from the distal 
end of the nail body by a length selected so that, when the 
nail body is implanted to a desired position within the 
medullary canal, at least a portion of the connecting 
element projects out of the bone for coupling to an 
aiming guide external to the bone; and 

an aiming arm configured to be coupled to the portion of 
the connecting element projecting out of the bone, the 
aiming arm including a first guide hole extending there 
through Such that, when the aiming arm is coupled to the 
connecting element in a desired configuration, the first 
guide hole aligns with the second locking aperture. 

72. The system of claim 71, further comprising a reamer 
including a wire extending along a longitudinal axis thereof 
and a first reamer head formed on a first end thereof. 

73. The system of claim 71, wherein the connecting ele 
ment is releasably coupled to the distal end of the nail body. 

74. The system of claim 73, further comprising an end cap 
mountable over the distal end of the nail body when the 
connecting element is decoupled therefrom. 

k k k k k 


