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SELF-RETAINING NAIL TO INSERTION

Inventors: Reza ABEDIAN, Chrstof DUTOIT, Markus BUETTLER, Henri DEFOSSEZ,
Simon WAMPEFLER, Alain SAURER, Remo PFAFF, Hans BERNHARD

Background

[{0061] Fractures are often treated with screws or other fixation devices inserted 1uto or through a
bone to stabilize fractured portions thereof once they have been brought into corrective
alignment. Fixation treatments for long bones often comprise the msertion of an imtramedutlary
nail into a medullary cavity of the bone. Insertion handles enable the user to insert an
mtramedullary nail into the meduliary canal of a bone through a small incision. However, many
msertion handle-to-nail interfaces require one user to hold the insertion handle and nail together

while someone else locks the two components using, for example, a connecting screw.

Summary

{0602 The present invention relates to an implant insertion assembly comprising an insertion
handle extending from a proximal end to a distal end, the distal end including a recessed portion,
an outer wall of the recessed portion having a first shape about a perimeter thereof and mcluding
an engagement mechanism and an implant extending from a distal end to a proxamal end
mcluding an opening configured to receive the recessed portion of the insertion handle, the
opening having a second shape configured to mechanically interlock with the outer wall of the
recessed portion when the recessed portion is inserted therein to transmit torque from the
msertion handle to the implant, the proximal end including a receiving structure in a wall thereof,
the receiving structure being positioned and oriented to receive the engagement mechanism to

removably lock the insertion handle to the implant in the axial direction.

[0083] The present invention also relates to an implant insertion assembly for inserting an
implant comprising an nsertion handle extending from a proximal end to a distal end, the distal
end having a shape configured to mate with a proximal end of an implant to which it 15 to be
coupled having a corresponding shape, mechanically interlocking therewith so that, when

coupled to an implant, torque s transmitted from the nsertion handle to an implant coupled
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thereto, the distal end mcluding a coupling mechamism configured to engage with the proximal
end of an implant to which 1t 1s coupled to axially lock the insertion handle to an implant to

which it 13 coupled.

[0604] The present invention also relates to an implant insertion assembly comprising an
msertion handle extending from a proximal end to a distal free end and mcluding a channel
extending therethrough and two opposing cutouts, a distal surface of the insertion handle
mcluding two opposing convexly curved portions positioned between the cutouts and an implant
extending from proximal end including an opening to a distal end, the distal end ncluding two
proximally extending tabs configured to be inserted into the cutouts, a proximal surface of the
mnplant including two opposing concavely curved portions configured to engage the convexly

curved portions of the insertion handle.

Brief Description

{0065} Fig. 1 shows a perspective view of an insertion handle and nail according to an

exemplary embodiment of the present disclosure;

{0006] Fig. 2 shows a perspective view of an insertion handle-to-nail interface according to a

first exemplary embodiment of the present disclosure;

{0087} Fig 3 shows a perspective view of an insertion handle-to-nail interface according to a

second exemplary embodiment of the present disclosure;

{0008] Fig. 4 shows another perspective view of the insertion handle-to-nail interface of the

embodiment of Fig. 3;

[0009] Fig S shows a perspective view of an insertion handle-to-nail interface according to a

third exemplary embodiment of the present disclosure;
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{0010] Fig. 6 shows a perspective view of an insertion handle-to-nail interface according to a

fourth exemplary embodiment of the present disclosure;

{80811] Fig. 7 shows a perspective view of an nsertion handle-to-nail interface according to a

fifth exemplary embodiment of the present disclosure;

[0612] Fig. 8 shows a perspective view of an msertion handle-to-nail interface according to a

sixth exemplary embodiment of the present disclosure;

{0613} Fig. O shows a perspective view of an insertion handle-to-nail interface according to a

seventh exemplary embodiment of the present disclosure;

{0014} Fig 10 shows a top perspective view of the barrel of the insertion handle of Fig. 9;

{0015} Fig. 11 shows a cross-sectional view of the barrel of the insertion handle of Fig. 9;

{0016} Fig 12 shows a perspective view of an insertion handle-to-nail interface according to an

eighth exemplary embodiment of the present disclosure;

{0017} Fig. 13 shows a perspective view of an insertion handle-to-natl interface according to a

ninth exemplary embodiment of the present disclosure;

[0018] Fig 14 shows a perspective view of an insertion handle-to~-nail mterface according to a

tenth exemplary embodiment of the present disclosure;

{0019] Fig. 15 shows a perspective view of an insertion handle-to-nail interface according to a

eleventh exemplary embodiment of the present disclosure;

{08028] Fig. 16 shows a perspective view of an insertion handle-to-nail mterface according to a
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twelfth exemplary embodiment of the present disclosure;

{0021] Fig. 17 shows a perspective view of an msertion handle-to-nail interface according to a

thirteenth exemplary embodiment of the present disclosure;

{080622] Fig. 18 shows a side view of the distal end of the insertion handle of Fig. 17,

{08023] Fig. 19 shows a top perspective view of the nail of Fig. 17;

{0624} Fig. 20 shows a perspective view of an insertion handle-to-nail interface according to a

fourteenth exemplary embodiment of the present disclosure; and

{0025} Fig. 21 shows a perspective view of an insertion handle-to-nail interface according to a

fitteenth exemplary embodiment of the present disclosure.

Detailed Description

{0026} The present mvention may be further understood with reference to the following
description and the appended drawings. The present invention relates generally to devices and
methods for fixation and stabilization of inter-trochanteric fractures. It 1s noted that, although
embodiments of the present invention have been described with respect to particular bones, the
present invention may also be employed in any of a variety of suitable bone fixation procedures
including, but not limited to, the fixation of femoral fractures and fractures of other long bones or
any other bone 1o the body. The present invention relates to an insertion handle for inserting an
intramedullary nail into a femur. The exemplary insertion handle according to the invention
includes a barrel portion, a free end of which engages a proximal end of the intramedullary natl
to guide msertion and orientation thereof relative to the bone. Exemplary embodiments describe
a free end of the barrel portion that includes an msertion handie-to-nail interface temporarily
retaining a posttion of the mtramedullary nail thereagainst prior to the establishment of a more

stable connection between the natl and the insertion handle, for example, via mnsertion of a

4
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connection screw into the handle-to-nail interface. In exemplary embodiments, a snap-fit or
“quick-chick” connection facilitates nail to handle assembly by a single person which self-
retaining connection then permits the same person to finalize the more stable connection.
However, those skilled n the art will understand that other coupling mechanisms may be
employed without departing from the scope of the mvention. The interfaces described herein
provide precise assembly and alignment between the nail and the insertion handle. It should be
noted that the terms “proximal” and “distal” as used herein refer to a direction toward {proximal)

and away from {distal) a user of the device such as a surgeon implanting the nail.

{0627} As shown in Figs. 1-2, an insertion handle 100 according to the mvention includes a
handle portion 101 and a barrel portion 108, the barrel portion 108 extending between a proximal
end 103 that 1s coupled to the handle portion and a distal end 104 configured to be coupled to an
mtramedullary nail 12. The distal end 104 of the barrel portion 108 includes a channel 112
extending therethrough along an axis which, 1n an operative position, is substantially aligned
with a longitudinal axis of the nail 12 so that a connecting screw 150 inserted therethrough aligns
with an opening 20 extending into a proximal end of the intramedullary nail 12. The barrel
portion 108 includes a transverse opening 110 angled and dimensioned to receive a tool {not
shown) against which a surgeon may hammer to drive a nail 12 connected thereto into the bone,

as those skilled in the art will understand.

{0028] The distal end 104 of the barrel portion 108 includes a nail interface configured to
prelimnarily couple the insertion handle 100 to the intramedullary nail 12 via a temporary
locking arrangement as the distal end 104 1s inserted into the opening 20 in the proximal end of
the nad 12. In a first emnbodiment, shown 1o Fig. 2, the free end 104 mncludes a recess 114
configured and dimensioned to engage a tab 116 provided on a proximal end of the
intramedullary nail 12, The recess 114 includes a cavity 1138 sized and shaped to removably
house an increased thickness flange 120 of the tab 116 with a snap-fit engagement. Thus, when
the insertion handie 100 s positioned over the mtrameduliary natl 12 m a desired orientation, the

tab 116 snap-fits into the recess 114 prelimunariy holding the handle 100 10 a desired position

(v
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and orientation relative to the nail 12 permitting the user to complete the final stable connection
between the handle 100 and the nail 12 without requiring assistance from another person. For
example, the prelimunary connection allows the user to insert and tighten a connecting screw 150
m the channel 112. The distal end 104 of the barrel portion 108 further comprises a substantially
hemispherical tab 122 sized and shaped for insertion mto a corresponding cutout 124 formed mn a
proximal end 16 of the mtramedullary nail 12, A length of the tab 122 in this embodiment is
equal to or smaller than a length of the cutout 124

{0628] Turning now to the intramedullary nail, as shown in Fig. 2, a first wall portion of a
proximal end 16 of the intramedullary natl 12 comprises a pair of cutouts 126 defining the tab
116 therebetween. A width of the tab 116 1s selected to permit deflection thereof within a
predetermined range of motion relative to the mtramedullary nail 12 (1.e., to permit deflection
thereot into the cavity 142). A second side wall of the proximal end 16 of the intramedullary
nail located approximately 907 from the tab 116 includes the substantially hemispherical cutout
124 sized and shaped to receive the hemispherical tab 144, Thus, the nail 12 and the handle 106
may be coupled to one another only when rotated relative to one another 1n a desired alignment.
In an exemplary embodiment, the aiming instrument 100 includes one recess 114 to engage one
tab 116. Alternatively, as would be understood by those skilled in the art, any number of
additional recesses 114 may be provided to engage a corresponding number of additional tabs

116.

{00306] Figs. 3-4 show another insertion handle-to-nail interface according to another exemplary
ernbodiment of the present invention. In this embodiment, a distal end 204 of the barrel 208 of
the insertion handie 200 includes four ngid tabs 214, 216, 218, 220 extending distally therefrom.
The tabs 214, 216, 218, 220 of this embodiment are uniformly distributed around the
circumterence of the distal end 204 of the insertion handle 200 and each 1s sized and shaped for
mnsertion into corresponding cutout 222, 224, 226, 228 formed in the proxamal end 26 of the
intramedullary nail 22, In an exemplary embodiment, the tabs 214, 216, 218, 220 are separated

from one another by approximately 90 degrees. Fach of the four tabs 214, 216, 218, 220 1

6
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substantially hemispherical and has a length equal to or smaller than a length of the
corresponding cutout 222, 224, 226, 228, Each of two opposing tabs 214, 218 15 formed with an
undercut 230 at each side of 1ts base (1.e., at the proximal ends of the tabs 214, 218} on lateral
sides thereof. The tabs 214, 218 are configured to fit within two opposing cutouts 222, 226 on
the intramedullary nail 22 formed between flexible cantilever beams 232 such that the undercuts
230 removably house a distal end of the cantifever beams 232 with a snap-fit engagement, as
discussed in further detail below. Thus, when the msertion handle 200 15 positioned over the
mtramedullary nail 22 1o a desired orientation, the distal ends of the cantilever beams 232 snap
it into the undercuts 230 of the tabs 214, 218, elimmating the need for a user to manually hold
the mtrameduilary nail 22 1n place while the connecting screw 150 is inserted into the channel

212

{0031} Turning to the proximal end of the intramedullary nail 22, as shown mn Fig. 3, a first pair
of slots 234 and the substantially hemispherical cutout 222 define a first pair of cantilever beams
232 therebetween. The slots 234 and cutouts 222 extend through the wall of the nail 22 from a
radially outer surface to a radially inner surface thereof. A width of gach of the beams 232 15
selected to permit lateral deflection thereof within a predetermined range of motion when the
corresponding tab 214 is inserted into the cutout 222, Proximal ends 236 of the beams 232 are
configured to fit within the undercuts 230 of the tab 214 A second pair of slots 238 and the
substantially hemispherical cutout 226 define a second pair of cantilever beams 240 located
approximately 180 degrees from the first pair of cantilever beams 232, Again, a width of the
beams 240 15 selected to permit lateral deflection thereof within a predetermuned range of motion
when the corresponding tab 218 is inserted into the cutout 226, When the tabs 214, 218 are
inserted mnto the cutouts 222 226, the proximal ends of the beams 232, 240 deflect into the
undercuts 230, causing an audible chicking notse. This clicking sound serves as audible
confirmation of correct assembly between the insertion handle 200 and the nail 22, The
proximal end 26 also includes two further substantially henuspherical cutouts 224, 228 disposed
approximately 90 degrees between the cutouts 222, 226, As would be understood by those

skilled 10 the art, the cutouts 224, 228 may extend only partially through the wall of the nail 22

7
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or completely therethrough. Thus, the tabs 216, 218 may have a thickness smaller than that of
the tabs 214, 218, The tabs 214, 216, 218, 220 and thewr corresponding cutouts 222, 224, 226,
228 help the user correctly align the insertion handle 200 with the nail 22, Specifically, the nail
22 and the msertion handle 200 may be coupled together only when rotated to a desired
alignment (1.e., with each of the tabs 214, 216, 218, 220 aligned with its corresponding cutout
222,224,226, 228). In this exemplary embodiment, the mtramedullary nait 22 includes four
recesses to engage the four tabs of the mnsertion handle, which enables torque to be easily
transmitted from the msertion handle 200 to the nail 22. However, it will be understood that any

number of recesses may be provided to engage a corresponding number of tabs.

{0032} An insertion handle-to-nail iterface according to another exemplary embodiment 1s
shown m Fig. 5. Specifically, the free end 304 of a barrel 308 of an insertion handle 360
mncludes a tab 314 extending distally therefrom sized and shaped for insertion into a
corresponding cutout 316 formed in a proximal end 36 of the intramedullary nail 32, A length of
the tab 314 i this embodiment 1s equal to or smaller than the length of the cutout 316, Inan
exemplary embodiment, the insertion handle 300 may include two opposing tabs 314 separated
from one another by approximately 180 degrees. The tabs 314 allow for easy rotational
alignment of the insertion handle 300 and the intramedullary nail 32 by the user. The insertion
handle 300, in this embodiment, also includes an internal ridge 316 extending circumferentially
about an inner surface of the opening 308. The ridge 316 may be, for example, a raised band on
the inner surface extending about the circumference of the channel 312, The ridge 316 18
configured and dimensioned to engage a circumnferential recessed portion 318 on the proximal
end of the intramedullary nail 32. For example, the ridge 316 1s sized and shaped to fit within a
groove 320 extending about the circumference of the recessed portion 318, creating a snap-fit or
quick-click engagement. Thus, when the insertion handle 300 is positioned over the
intramedullary nail 32 in a desired orientation, the ridge 316 snap-fits into the groove 320
elimuinating the need for a user to manually hold the mtrameduliary natl 32 1n place while the

connecting screw 150 15 1nserted into the channel 312
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{0033] Turning to the intramedullary nail 32, as shown in Fig. §, the proximal end 36 includes a
recessed portion 318, described above, which extends about the circumference of the proximal
end 36. The recessed portion 318 1s configured and dimensioned to it within the channel 312
and engage the mner surface thereof. More specifically, as described above, a groove 320
extending along the recessed portion 318 15 sized to engage the ridge 316 provided on the wnner
surface. In an exemplary embodiment, rather than the recessed portion 318 extending about the
entire circumference of the nail 32, the proximal end 36 may mclude a plurality of slots 322
defining separate recessed tabs 324 therebetween. Each of the tabs 324 of this exemplary
embodiment also mcludes a groove 320 configured to engage the nidge 316, Thetabs 324, in
this embodiment, allow for deflection thereof within a predetermined range of motion relative to
the tnsertton handle 300 (1.e., to permit deflection thereof into the channel 312 to receive the
ridge 316 within the groove 320. When the groove 320 engages with the ridge 316 of the
msertion handle 300, an audible clicking noise 1s audible serving as confirmation of correct

assembly between the insertion handle 300 and the nail 32

{0634] Fig. 6 depicts an insertion handle-to-nail interface according to yet another embodiment
of the invention. In this embodiment, the free end 404 of the barrel 408 of an insertion handle
400 includes a groove 414 extending about a circumference of an inner surface of the channel
412 and configured to engage a flange 416 on the proximal end 46 of a nail 42. In another
exemplary embodiment, the insertion handle 400 includes an increased thickness ridge instead of
a groove extending about the circumference of the channel 412 and configured to engage the

flange 416 when 1t 1s inserted distally therepast.

[0033] The intramedullary nail 42 of this embodiment includes a flexible recessed portion 418
extending proximally past a proximal end 46 of the nail 42. The flexible recessed portion 418
extends about the entire circumference of the proximal end 46 of the nail and has a thickness that
allows the recessed portion 418 to deflect radially inwardly toward a center axis, L, of the nail 42
and outwardly away from a center axis of the nail 42. Thus, a thickness of the wall 420 of the

recessed portion 418 15 sufficiently thin to permut it to flex without plastic deformation. The
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recessed portion 418 includes an increased diameter flange 416, as described above, disposed
about a proximal tip. The flange 416 may extend about the entire circumference of the outer
surface of the recessed portion 418 or may only be positioned on lateral sides thereof The
flange 416 1s configured to be removably housed within the groove 414 via a snap-fit
engagement, creating an audible clicking sound signaling to the user that the mtramedullary nail
42 and msertion handle 400 are axially locked to one another. An inner surface 422 of the
recessed portion 418 1s milled to a substantially concal shape. Specifically, a diameter of the
opening 20 at the proximal end of recessed portion 418 1s larger than a diameter of the opening
20 at a distal end of the recessed portion 418, as can be seen m the figure. Thus, once the flange
416 1s snap-fit into the groove 414, the screw 150 may be inserted through the channel 412 into
the conical portion of the opening 20 such that an cuter surface of the screw 150 pushes the
flange 416 outward circumferentially, securing the connection between the nail 42 and the

insertion handle 400 for further clinical steps.

10036} Fig. 7 depicts an insertion handle-to-nail interface according to yet another embodiment
of the invention. In this embodiment, the free end 504 of the barrel 308 of an insertion handle
500 mcludes a spring-locking mechanism. Specifically, the free end 504 of the insertion handle
500 includes two recessed portions 514 configured to engage an inner surface of the proximal
end 56 of the intramedullary natl 52, Positioned between the two recessed portions 514 are two
non-recessed portions 316 configured to engage two cutouts 518 in the outer surface of the
mtramedullary nail 52. The non-recessed portions 516 taper distally so that they are
substantially trapezoidal in shape, as can be seen n the figure, and have a width that 1s equal to
or shightly smaller than the width of the cutouts 518, The non-recessed portions 516 allow the
user to easily rotationally align the insertion handle 500 with the intramedullary nail 52 as well
as provide torque and rotation transmission from the insertion handle 500 to the naid 52 when the
two components are coupled together. The insertion handle 500 may further include a plurality
of tabs 520 extending distally from the recessed portions 514, In an exemplary embodiment,
there are four flexible tabs 320 distributed evenly around the circumference of the free end 504,

However, it will be understood that any number of tabs may be used. Each of the tabs 520

10
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includes an mcreased thickness nidge 322 extending radially outward along the width of the tab
520 and sized and shaped to removably engage a circumferential ridge 524 on in the inner
surface of the intramedullary nail 52 with a snap-fit or quick click engagement. A width of each
of the tabs 520 1s selected to pernut radial deflection thereof within a predetermined range of

motion {1.¢., to permit deflection thereof when passing the nidge 524 of the nail 52).

{8037] The mtramedullary nail 52 of this embodiment, as described above, comprises a pair of
cutouts 518 extending from an outer surface of the intramedallary natl 52 to an mner surface
thereof. The cutouts 518 taper distally to a distal wall 526, defining a substantially trapezoidal
shape corresponding to the trapezoidal non-recessed portions 516. The intrameduliary nail 52
also includes a rounded rnidge 524 extending about the circumference of an inner surface of the
proximal end 56. The ridge 524 s configured to engage a proximal surface of the ridge 522 on
the tabs 520. That 13, when the insertion handle 500 15 inserted into the intramedullary nail 52,
the ridge 524 causes the tabs 520 on the msertion handle 500 to deform towards the center axis
of the msertion handle 500, As the insertion handle 500 1s pushed further distally into the nail 52
and the ridge 522 moves distally past the ridge 524 on the nail 52 and the tabs 520 snap back
outwardly, in a direction away from a central, longitudinal axis L of the insertion handle 500,
creating an audible chicking sound. Thus, the engagement of the two ridges 522, 524 holds the
msertion handle 500 and nad 52 in a temporary locking arrangement. In another exemplary
embodiment, instead of a ridge, the nail 52 may have a groove extending about a circumference
of the mner surface thereof configured to removably house the ridge 522 of the insertion handle

500 therein with a snap-fit engagement.

{0038] In an exemplary embodiment, depicted in Fig. 8, in lieu of tabs, the non-recessed portions
516 are configured for a friction~-fit interface between the insertion handle 300 and the nail 52.
Specifically, the msertion handle 500 includes a slot 530 extending longitudinally through each
of the non-recessed portions 516 from an outer surface of the insertion handle 500 to an nner
surface thereof, defining two tlexible members 532 The flexible members 532 are deflectable

laterally within a predetermined range of motion—1.e,, the flexible members 532 are deflected
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toward one another into the slot 330 when inserted mnto the cutouts 318, In this embodiment, the
width of the non-recessed portions 516, including the slots 530, 1s larger than the width of the
cutouts 518 in the nail 32, Thus, the cutouts 518 force the flexible members 532, which are
biased toward a separated position, to flex toward one another when inserted therein, so that the
flexible members 532 project an outward lateral force against the side walls of the cutouts 518,

holding the insertion handle 500 and the nail 52 together via friction fit.

{08039] Figs. 9-11 depict a finction fit insertion handle-to-nail interface according to another
exemplary embodiment of the invention. In this embodiment, the distal end 604 of the barrel
608 of the mnsertion handle 600 inchudes two opposing rigid tabs 614 extending distally
therefrom. The tabs 614 are separated by approximately 180 degrees and are sized and shaped
for insertion mio two corresponding cutouts 616 formed in the proximal end 66 of the natl 62,
The tabs 614 taper distally so that they are substantially trapezoidal in shape, as can be seen in
the figure, and have a width that is equal to or shightly larger than the width of the cutouts 616 so
as to hold the insertion handle 600 and the nail 62 together by friction fit. The tabs 614 allow the
user to easily rotationally align the insertion handle 600 with the intramedullary nail 62 as well
as provide torque and rotation transmission from the insertion handle 600 to the nail 62 when the

two components are coupled together.

{0040} The mtramedullary nail 62 of this embodiment, comprises a pair of recessed portions 618
separated by the cutouts 616. The recessed portions 618 are configured to fit within the channel
612 of the msertion handle 600, The cutouts 616 extend from an outer surface of the
intramedullary nail 62 to an inner surface thereof. The cutouts 616 taper distally to a distal wall
620, defining a substantially trapezoidal shape corresponding to the trapezoidal tabs 614, Thus,
insertion of the tabs 614 nto the cutouts 616 rotationally lock the insertion handle 600 and nail
62. Inthis embodiment, the screw 150, when inserted through the channel 612 and threadedly
screwed 1nto the nail 62, axially fixes the insertion handle 600 to the naidl 62, This tightening of
the screw 150 into the nail 62 also further presses the tabs 614 1nto the cutouts 616, The

mterface of this embodiment further includes a clip 622 which keeps the screw 150 in place
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when assembling the connection between the nail 62 and the handle 600. The clip 622 includes
two arms 624, 626, connected together by a rounded connection portion 628 to substantially
form a U-shape. The first arm 624 13 straight and sized and shaped to be inserted through a
transverse hole 628 open to the barrel 608, The second arm 626 includes a rounded portion
configured to conform to the shape of a lateral outer surface of the barrel 608 The clip 622 15
biased to pinch closed pressing the screw 150 against an mterior surface of the channel 612
generating friction that mamntains the screw 150 in place while the handle and nail are coupled to

one another.

{0641} Fig. 12 depicts a friction fit insertion handle-to-nail interface according to vet another
exemplary embodiment of the invention. In this embodiment, the distal end 704 of the barrel
708 of the msertion handle 700 inchudes two opposing rigid tabs 714 extending distally
theretfrom. The tabs 714 are separated by approximately 180 degrees and are sized and shaped
for insertion into corresponding cutouts 716 formed in the proximal end 76 of the nail 72. Each
of the tabs 714 is substantially rectangular and has a length equal to or smaller than a length of

the cutout 716.

{0042} The mtramedullary nail 72 of this embodiment, as described above, includes two
substantially rectangular cutouts 716 substantially corresponding to the shape of the tabs 714
The nail 72 also includes two slots 718, each positioned adjacent to the cutouts 716 to define two
flexible cantilever beams 720. A width of each of the beams 720 is selected to permit lateral
deflection thereof within a predetermined range of motion when the corresponding tab 714 1s
inserted mio the cutout 716, A width of each of the cutouts 716 1s slightly smaller than a width
of each of the tabs 714 s0 that the nsertion handle 700 and the nail 72 are held together via
friction. The tabs 714 and their corresponding cutouts 716 help the user correctly align the
insertion handle 700 with the nail 72. Specifically, the nail 72 and the insertion handle 700 may
be coupled only when rotated to a desired alignment (1., with each of the tabs 714 aligned with
a corresponding one of the cutouts 716). In this exemplary embodiment, the intramedullary nail

72 includes two cutouts 716, each engaging a corresponding one of the two tabs 714 of the
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mnsertion handle 700, which enables torque to be easily transmitted from the insertion handle 700
to the nail 72. As would be understood by those skilled in the art, any number of cutouts may be
provided to engage a corresponding number of tabs. In an exemplary embodiment, proximal
ends 722 of the beams 720 may also mnclude an engagement mechanism 724 such as, for
example, a ridge or a groove on a lateral surface facing the cutouts 716 configured to engage
with a corresponding engagement mechanism 726 (1.e., a ridge or groove) on the lateral opposing
surface of the tabs 714, As those skilled in the art will understand, any of the various
arrangements of mating pairs of tabs and cutouts may be mixed and matched as desired or the
dimensions of the various tabs and cutouts may be varied so that the nail and the handle will
mate in only a single desired rotational alignment. When the tabs 714 are inserted into the
cutouts 716 the proximal ends 722 of the beams 720 deflect into the engagement mechanism 726

on the cutouts 716.

{0643} Fig. 13 depicts an msertion handle-to-nail snap interface according to yet another
exemplary embodiment of the invention. In this embodiment, the distal free end 804 of the
barrel 808 of an insertion handle 800 and the proximal end 86 of the nail 82 have maiching
profiles. Specifically, the distal end 804 of the insertion handle 800 includes two opposing
convexly rounded portions 814 while the proximal end 86 of the nail 82 has two opposing
concavely rounded portions 816 configured to fit with the convex portions 814. Both the convex
portions 814 and the concave portions 816, in this embodiment, are substantially hemispherical
However, it will be understood that the profiles of the distal end 804 of the insertion handle 800
and the proximal end 86 of the nail 82 may have any geometry so long as they are configured to
fit together. These mating profiles allow the user to easily rotationally align the insertion handle
800 and the nail 82 in the correct positions while also aiding in transmitting torque from the
handle 800 to the natl 82. Looking to the insertion handle 800, the distal end 804 further
includes two rounded opposing cutouts 818 positioned between the convex portions 814 and
extending from an outer surface of the msertion handle 800 to an nner surface thereof. The
cutouts 818 in this embodiment are substantially circular and open to the distal end 804, The

cutouts 818 are configured and dimensioned to receive tabs 820 provided on a proximal end of
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the nail 82, A neck portion 824 of the cutouts 818 has a width smaller than a diameter of the
tabs, providing a temporary snap-connection, as described in further detail below. The nsertion
handle 800 further includes two distally-extending tabs 822 positioned at the distal-most point of
the convex portions 814, Thus, the tabs 822 are separated from the cutouts 818 by
approximately 90 degrees. The tabs 822 may be, in this embodiment, substantially rectangular

and are sized and shaped for insertion in two corresponding cutouts 8285,

{08044] The intramedullary nail 82 of this embodiment includes two substantially circular tabs
820 extending from a proximal end thereof Each of the tabs 820 imcludes a longitudinally
extending slot 826 open to the proximal end of the tabs 820 which bisects the tab 820 into two
flexible members 828. Fach of the tabs 820 has a diameter larger than that of the neck portion
824 of the corresponding cutouts 818 and s configured to be removably housed within the cutout
818 with a snap-fit engagement. Thus, when the insertion handle 800 is positioned over the
mtramedullary nail 82 in a desired orientation, the tabs 820 snap fit into the cutouts 818,
Specifically, the flexible members 828, when they come into contact with the neck portion 824,
deflect radially inward to pass through the neck portion 824, When the flexible members 828
pass through the neck portion 824, they snap away from each other, temporarily locking the tabs
820 within the cutouts 818 with an audible clicking noise. The distal end 804 of the nail 82
further comprises two cutouts 825 extending from an outer surface at least partially through the
wall of the nail 82. The cutouts 825 are sized and dimensioned to engage the tabs 822 and have
a substantially rectangular profile. Thus, the nail 82 and the insertion handle 800 may be
coupled only when rotated to a deswred alignment. The tabs 824, when inserted into the cutouts

823, provide increased torque transmission from the msertion handle 800 to the nail 82,

[0043] Fig 14 depicts an insertion handle-to-nail snap interface according to yet another
exemplary embodiment of the invention. In this embodiment, a distal free end 904 of the barrel
908 of an sertion handle 900 ncludes two opposing rounded cutouts 914 configured and
dimensioned to engage two opposing tabs 916 provided on a proximal end 96 of an

mtramedullary nail 92. In the insertion handle 900 of Fig. 14, the cutouts 914 are shown to be

15



CA 03078202 2020-04-01

WO 2019/074889 PCT/US2018/054947

substantially circular, similar to the cutouts 818, However, 1t will be understood that the cutouts
914 mayv be any shape, so long as the profiles fit with the profiles of the tabs 916, The insertion
handle 900 further includes a pair of parallel siots 918 extending longitudinally along the distal
end 904 of the handle 92 and defining a flexible beam 920 therebetween. The slots 918 extend
from the outer surface of the insertion handle 900 to an inner surface thereof. A length of each
of the slots 918 may be chosen depending on the desired range of deflection of the beam 920
For example as would be understood by those skilled in the art, longer slots 918 provide the
beam 920 with a greater range of deflection while shorter slots 918 provide the beam 920 with a
smaller range of deflection. In an exemplary embodiment, the slots 918 may be, for example,
approximately 16-18 mm. In an exemplary embodiment, the insertion handle 900 includes two
pairs of slots 918 defining a pair of opposing beams 920. In this embodiment, the beams 920
may be separated by approximately 180 degrees. The beams 920 each include a tab 922
extending from a distal end thereof and configured to engage an inner surface of the nail 92 with
a snap-fit engagement. For example, each of the tabs 922 may include a mating feature 924 such
as a groove or an undercut extending across the width of each of the tabs 922, Each of the
mating features 924, in this embodiment, 1s sized and shaped to engage a corresponding mating
feature 926 on a radially inner surface of the natl 92 via a snap-fit or quick-click engagement. In
an exemplary embodiment, the insertion handle 900 further includes a supporting ring 928
extending about at least a portion of the circumference of the distal end 904, as shown in Fig. 14
The supporting ring 928 provides further support to the beams 920 and the distal end 904 of the

handle 900 when the handle 900 1s coupled to the nail 92,

[0046] A proximal end 96 of the intramedullary nail 92 of this embodiment includes the two tabs
916 extending proximally therefrom each of which s configured to fit within a corresponding
one of the cutouts 914. The tabs 916 shown n Fig. 14 are substantially rectangular. However, it
will be understood that the tabs 916 may take any shape so long as they fit within the cutouts 914
of the msertion handle 900, As with previous embodiments, the tabs 916 and the cutouts 914
allow the user to easily align the insertion handle 900 with the nail 92 in the correct orientation

while also provide increased torque and rotation transmission from the msertion handle 900 to
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the nad 92. The nail 92 further includes the circumferential mating feature 926 along the inner
surface thereof. The mating feature 926 in this embodiment is a circumferential increased
thickness ridge that engages the mating feature 924 on the tabs 922 of the msertion handle 900,
For example, when the insertion handle 900 1s mserted nto the proximal end of the nail 92, the
beams 920 with the tabs 922 may deflect inwardly (toward the central axis of the msertion
handle) when the tabs 922 contact an mereased thickness portion of the interior surface of the
nail 92 — e, aridge. However, because the tabs 922 include a mating feature such as a groove
or an undercut, as the msertion handle 900 13 moved further distally nto the nail 92, the ridge
will it within the groove and the tabs 922 will snap back cutwardly (away from the central axis
of the insertion handle), temporartly focking the two components together and creating an
audible clicking noise. This allows the user to know that the insertion handle 900 and the nail 92
are axially coupled correctly. In this embodiment, the screw 150 may provide further support to
the connection when inserted into the channel 912, Specifically, the outer surface of the screw
150 exerts a radially outwardly directed force on the interior of the insertion handle 900, pressing
the beams 920 and the tabs 922 into the inner surface of the nail 92 and preventing the mating
features 924 of the insertion handle 900 from deflecting out of or away from the mating features

026 of the nail 92.

{0047} Fig 15 depicts an insertion handle-to-nail snap interface according to yet another
exemplary embodiment of the invention. In this embodiment, the intertor geometry of an
msertion handle 1000 is configured to match the exterior geometry of the nail 102, Specifically,
in this embodiment, a distal portion 1014 the inner surface of the insertion handle 100 is cut to
define a substantially hexagonal shape, as seen n Fig. 15, Smmilarly, a proximal recessed portion
1016 of the outer surface of the nail 102 1s cut to define a substantially hexagonal shape. Thus,
the matching hexagonal geometries on the nail 102 and the msertion handle 1000 facilitate easier
insertion by the user in a correct orientation, as well as increased torque transmission from the
mnsertion handle 1000 to the nail 102. Turning to the insertion handle 1000, the distal end 1004
of the barrel 1008 according to this embodiment also includes two substantially parallel

longitudinal slots 1018 extending from an outer surface of the handle 1000 to an mmer surface
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thereof and defining a flexible beam 1020 therebetween, similar to beams 920 of insertion handle
900. A length of the slots 1018 may be chosen depending on the desired range of deflection of
the beam 1020, As mdicated above, longer slots 1018 provide the beam 1020 with a greater
range of deflection while shorter slots 1018 provide the beam 1020 with a smaller range of
deflection. In an exemplary embodiment, the slots 1018 may be, for example, approximately 16-
18 mm. The beam 1020 deflects radially mwardly/outwardly when the distal end 1004 comes
mto contact with the proximal end of the nail 102, The beam 1020, in this embodiment, further
mcludes an increased thickness ridge 1022 extending across the width of the beam 1020 at a
distal end thereof. The nidge 1022 15 dimensioned to be removably housed within a recess 1024
on the nail 102 with a snap-fit engagement. In an embodiment, the beam 1020 may further
mclude longitudinal ridges 1026 positioned at the lateral portions of the inner surface thereof.
The ridges 1026 are configured to {it within longitudinal grooves 1028 on one of the faces of the
hexagonal outer surface of the nail 102. The beam 1020 13 centrally positioned on one of the
sides of the hexagonal profile of the msertion handle 1000 while the grooves 1028 are positioned
on a corresponding side of the hexagonal profile of the natl 102, Thus, one face 1030 of the
hexagonal geometries of both the handle 1000 and the nail 102 differs from the rest, creating an
asymmetrical geometry therein that prevents the user from inserting the natl 102 within the
msertion handle 1000 in an incorrect orientation. Therefore, the nail 102 and the insertion

handle 1000 may be coupled only when rotated to a desired alignment.

{0048] The nail 102 of the present embodiment, as described above, has a proximal recessed
portion 1016 with a hexagonal geometry and a circumferential groove 1024 disposed distally of
the proximal recessed portion 1016, The grooved portion 1024 of the nail 102 s substantially
cylindrical with a diameter smaller than a diameter of the remainder of the nail 102, including
the proximal portion 1032, The groove 1024 1s sized and shaped to removably house the ridge
1022 on the distal end of the beam 1020 with a snap-fit engagement, creating an audible clicking
sound indicating to the user that the insertion handle 1000 and the nail 102 are correctly aligned

axially and locked together.
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{0049] In another exemplary embodiment shown 1n Fig. 16, an insertion handle 1100 and a nail
1102 have substantially the same structure as the insertion handle 1000 and nail 102, However,
m this embodiment, the internal geometry of the insertion handle 1100, as well as the external
geometry of the nail 1102 are substantially hexalobular. Specifically, the internal surface of the
msertion handle 1100 and the external surface of the nail 110 are cut into a six-point star-shaped
pattern with a plurality of grooves 1117 and protrusions 1119, The mmsertion handle 1100
mcludes a set of six substantially similar grooves 1117 and six substantially sinular protrusions
1119 which alternate about the inner circumference of the channel 1112, Each groove 1117
corresponds to a “point” on the star-like hexalobular geometry while each protrusion 1119
corresponds to an indentation between each point. In the embodiment of Fig. 16, the beam 1120
of the insertion handle 1s positioned at one of the “points”™ so that that point 1s flatter, or less
rounded, than the remaining five points. Simularly, a recessed portion 1116 of the nail 1102
mcludes a set of six substantially similar protrusions 1121 and six substantially similar grooves
1123 which alternate about the outer circumference of the nail 1102, Each protrusion 1121
corresponds to an indent on the star-like hexalobular geometry while each protrusion 1223
corresponds to a point. However, one of the protrusions of the nail may be substantially flat to
enable engagement of the proximal recessed portion 1116 with the beam 1120, In an exemplary
embodiment, the grooves 1117, 1123 and protrusions 1119, 1121 of the hexalobular shapes each
have a large radius of curvature supporting nail and handle strength as well as reducing

manufacturing costs.

[00506] Figs. 17-19 depict an insertion handle-to-nail snap interface according to vet another
exemplary embodiment of the iovention. In this embodiment, the insertion handle 1200 and the
natl 1202 also include matching hexalobular geometries, similar to the insertion handle 1100 and
nail 1102, However, in this embodiment the insertion handle 1200 1s structured to be inserted
into the proximal end of the nail 1202, Specifically, the distal end 1204 of the barrel 1208 of the
msertion handle 1200 includes a recessed portion 1214 configured and dimensioned to be
mnserted mnto and engage an inner surface of the proximal end of the nad 1202 As can beseen in

the figures, the recessed portion 1214 defines a hexalobular shape including six “pomnts”
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extending radially outward. Specifically, the external surface of the recessed portion 1214 and
the internal surface of the nail 1202 are cut nto a six-point star-shaped pattern with a plurality of
grooves 1217 and protrusions 1219, The msertion handle 1200 includes a set of six substantially
similar grooves 1217 and six substantially similar protrusions 1219 which alternate about the
muer circumference of the channel 1212, Fach protruston 1219 corresponds to a “pomt” on the
star-like hexalobular geometry while each groove 1217 corresponds to an indent between each
point. Similarly, the internal surface of the nail 1202 includes a set of six substantially sumilar
protrusions 1221 and six substantially similar grooves 1223 which alternate about the mner
circumference of the nail 1102, Each groove 1223 corresponds to a “point” on the star-like
hexalobular geometry while each protrusion 1221 corresponds to an indent between each point.
In this embodiment, five of the poinis may be rounded while the sixth point, where a flexible
beam 1220 1s posttioned, has a different geometry to promote insertion of the handle 1200 mnto
the nail 1202 in a correct orientation, as will be described in further detail below. Inan
exemplary embodiment, the grooves 1217, 1223 and protrusions 1219, 1221 of the hexalobular
shapes are enlarged (i.e. the angle between two lobes is large}, supporting nail and handle
strength as well as reducing manufacturing costs. That s, a radius of curvature of the grooves
1217, 1223 and protrusions 1219, 1221 may be, for example {(please provide exemplary radius of
curvature). The insertion handle 1200 may also include two parallel longitudinal slots 1218
extending from an outer surface of the handle 1200 to an inner surface thereof and defining a
flexible beam 1220 therebetween, similar to beams 920, 1020. As can be seen in the figure, the
slots extend proximally from the distal end of the insertion handle 1200, through the recessed
portion 1214 and into a non-recessed portion 1216 of the msertion handle 1200. A length of the
slots 1218 may be chosen depending on the desired range of deflection of the beam 1220. For
example, longer slots 1218 provide the beam 1220 with a greater range of deflection while
shorter slots 1218 provide the beam 1220 with a smaller range of deflection. Inan exemplary
embodiment, the slots 1218 may be, for example, approximately {please provide exemplary
length of the slots). The beam 1220 is able to deflect radially inwardly/outwardly when the
distal end 1204 comes into contact with the proximal end of the nail 1202, The beam 1220, in

this embodiment, further includes an mereased thickness flange 1222 extending across the width
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of the beam 1220 at a distal end thereof. The increased thickness flange 1222 15 dimensioned to
be removably housed within a cavity 1224 on the nail 1202 with a snap-fit engagement. The
beam 1220 13 positioned at one of the rounded cutwardly extending pomnts 1215 of recessed
portion 1216, creating an asymmetrical shape to prevent the user from inserting the msertion
handle 1200 mto the nail 1202 in the wrong cnientation. Specifically, the beam 1220 1s
substantially rectangular along a plane that 1s perpendicular to the longitudinal axis of the
msertion handle 1200 so that the insertion handle 1200 can ounly be mserted into the nail 1202
when the beam 1220 15 aligned with a cavity 1228 on the nail 1202, In an exemplary
embodiment, each of the six pomts may include guiding chamfers 1240, That 15, the distal edges
of each of the six points may include right-angled cut-aways to make a symmetrical sloping
edge, facilitating insertion of handle 1200 and reducing nicking damage to both of the

components.

{0651} The nail 1202 of this embodiment, as described above has an interior surface with a
hexalobular geometry matching the external geometry of the recessed portion 1214,
Specifically, the mner surface in this embodiment has five rounded portions 1232 and a sixth
substantially flat portion 1234 shaped to engage the beam 1220, The nail 1202 also includes a
cavity 1224 on the flat portion 1234 sized and shaped to removably house the increased
thickness flange 1222 of the beam 1220 with a snap-fit engagement creating an audible clicking
sound indicating to the user that the insertion handle 1000 and the natl 102 are correctly aligned
axially and locked together. Thus, when the msertion handle 1200 is positioned over the nail
1202 1n a desired orientation, the beam 1220 snap-fits into the cavity 1224 eliminating the need
for a user to manually hold the nail 1202 m place while the connecting screw 150 1s inserted into
the channel 1212 of the insertion handle 1200, Io another embodiment, shown in Fig. 17, the
cavity 1236 may extend through the wall of the nail 1202 from the inner surface to the outer

surface.

[0052] Figs. 20-21 depict an insertion handle-to-nail snap interface according to vet another

exemplary embodiment of the invention. In this embodiment, the distal free end 1304 of the
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barrel 1308 of an insertion handle 1300 and the proximal end 1306 of the nail 1302 have
matching profiles. Specifically, the distal end 1304 of the msertion handle 1300 includes two
opposing convexly rounded portions 1314 separated by two opposing concavely rounded
portions 1316, Similarly, the proximal end 1306 of the nail 1302 has two opposing concavely
rounded portions 1320 configured to fit with the convex portions 1314 of the insertion handle
1300 and two convexly rounded portions 1322 configured to {it with the concave portions 1316,
Each of the convex portions 1314, 1322 and the concave portions 1316, 1320 of the msertion
handle 1300 and the nail 1302 1in this embodiment, 18 substantially hemispherical. However, 1t
will be understood that the profiles of the distal end 1304 of the msertion handle 1300 and the
proximal end 1306 of the nail 1302 may have any geometry so long as they are configured to fit
together. These mating profiles allow the user to easily rotationally align the insertion handle
1300 and the nail 1302 in the correct positions while also aiding in transmitting torque. Looking
to the insertion handle 1300, the handle 1300 also includes a recessed portion 1324 extending
distally from the distal end 1304 of the barrel 1308 and configured to be inserted into the nail
1302 to engage an inner surface thereof. The insertion handle 1300 of this embodiment further
mcludes two parallel longitudinal slots 1326 extending from an outer surface of the handle 1300
to an inner surface thereof and defining a flexible beam 1328 therebetween. As can be seen in
the figure, the slots 1326 extend proximally from the distal end of the mnsertion handle 1300,
through the recessed portion 1324 and into a non-recessed portion 1330 of the insertion handle
1300. A length of the slots 1326 may be chosen depending on the desired range of deflection of
the beam 1328, As described above, longer slots 1326 provide the beam 1328 with a greater
range of deflection while shorter slots 1326 provide the beam 1328 with a smaller range of
deflection. In an exemplary embodiment, the slots 1326 may be, for example, approximately 16-
18 mm. The beam 1328 1s able to deflect radially mwardly/outwardly relative to a longitudinal
axis of the barrel 1308 when the distal end 1304 comes into contact with the proximal end of the
nat} 1302, The beam 1328, 10 thus embodiment, further includes an increased thickness flange
1332 extending across the width of the beam 1328 at a distal end thereot. The increased
thickness flange 1332 15 dimensioned to be removably housed within a cavity 1334 on the nail

1302 with a snap-fit engagement creating an audible clicking sound ndicating to the user that the
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insertion handle 1300 and the nail 1302 are correctly aligned axially and temporarily locked

together.

{86353] The nail 1302 of this embodiment, as described above, mcludes the cavity 1334 onan
muer surface thereof sized and shaped to removably house the increased thickness flange 1332 of
the beam 1328 with a snap-fit engagement creating an auvdible clicking sound mmdicating to the
user that the insertion handle 1300 and the nail 1302 are correctly aligned axially and locked
together. Thus, when the msertion handle 1300 1s positioned over the nail 1302 in a desired
orientation, the beam 1328 snap-fits into the cavity 1334 ehmunating the need for a user to
manually hold the nail 1302 in place while a connecting screw 150 is inserted into the channel
1312 of the insertion handle 1300, In another embodiment, the cavity 1334 may extend through

the wall of the nail 1302 from the mner surface to the outer surface.

{0054} In use, once the mtramedullary nail 1s placed in a desired position within the bone, the
user may disconnect the insertion handle from the nail by exerting a proximal axial force on the
msertion handle. This force releases the mating geometries so that the insertion handle may be
subsequently removed from the body. In some embodiments, the user may also wiggle the
msertion handle by exerting a lateral back and forth movement to the insertion handle to release

the self-retaining mechanism.

[0055] It will be understood by those skilled 1n the art that the insertion handles and nails of each
of the described embodiments are configured to be locked together using a connecting screw 150
inserted through the channel of the insertion handle and threadedly screwed into a channel within
the nail. The connecting screw 1530 according to the invention includes a head 152 with a driver-
engaging recess 154 and an elongated shaft 156 extending distally therefrom, a distal portion
thereof including threading 158 configured to threadedly engage threading in the intramedullary

nail, as those skilled in the art will understand.

{0056] It will be understood by those of skill in the art that modifications and variations may be

made in the structure and methodology of the present mvention, without departing from the spirit
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or the scope of the mvention. Thus, it is intended that the present invention cover the
modifications and variations of this invention, provided that they come within the scope of the

appended claims and thewr equivalents.
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What is claimed is:

1. An implant insertion assembly, comprising:

an mnsertion handle extending from a proximal end to a distal end, the
distal end including a recessed portion, an outer wall of the recessed portion
having a first shape about a perimeter thereof and mcluding an engagement

mechanism; and

an implant extending from a distal end to a proximal end including an
opening configured o receive the recessed portion of the insertion handle, the
opening having a second shape configured to mechanically interfock with the
outer wall of the recessed portion when the recessed portion 1s inserted therein to
transmit torgue from the msertion handle to the implant, the proximal end
imcluding a receiving structure in a wall thereof, the receiving structure being
positioned and oriented to receive the engagement mechanism to removably lock

the insertion handle to the implant in the axial direction.

2. The assembly of claim 1, wherein the engagement mechanism is an increased thickness flange

and the receiving structure is a transverse cavity sized to receive the flange.

3. The asserobly of claim 2, wheremn the nsertion handie further comprises a pair of longitudinal
slots extending through a wall of the imnsertion handle from an outer surface to an inner surface
thereof, the slots defining a flexible beam therebetween configured to radially deflect withina

predetermined range of motion when mserted into the implant.

4. The assembly of claim 3, wheremn the slots extend proximally from an open distal end ata
distal surface of the msertion handle to a proximal end positioned proximally of the recessed

portion.
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5. The assembly of claim 3, wherein the first shape is substantially hexalobular comprising six
radially outwardly extending protrusions and six radially inwardly extending grooves alternating
about the circumference of the recessed portion, wheremn one of the protrusions comprises the
flexible beam, and wherein the second shape 13 substantially hexalobular comprising five radially
outwardly extending grooves and six radially inwardly extending protrusions alternating about a
circumference of the opening, two of the protrusions being separated by a substantially flat

portion configured to engage the flexible beam.

6. The assembly of claim 5, further comprising a connecting screw sized and shaped to be
mserted through a channel extending from a proximal end to a distal end of the insertion handle

and into the opening to create a stable connection between the handle and the nail.
7. The assembly of claim 5, wherein the flexible beam is substantiaily rectangular along a plane
perpendicular to the longitudinal axis of the insertion handle so that the recessed portion is

msertable into the opening only when the flexible beam is aligned with the flat portion.

8. The assembly of claim 1, wherein a distal surface of the insertion handle includes a plurality

of guiding chamfers.

9. The assembly of claim 5, wherein the protrusions and grooves of the first and second shapes

are curved.

10. The assembly of claim 1, wherein the flexible beam 15 configured to create an audible

chicking sound when the flange is seated in the cavity.

11, An implant insertion assembly for inserting an implant, comprising:
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an mnsertion handle extending from a proximal end to a distal end, the distal end
having a shape configured to mate with a proximal end of an implant to which it is to be
coupled having a corresponding shape, mechanically mterlocking therewith so that, when
coupled to an mplant, torque s transmitted from the msertion handle to an implant
coupled thereto, the distal end including a coupling mechamsm configured to engage
with the proximal end of an implant to which 1t 1s coupled to axially lock the mnsertion

handle to an implant to which 1t is coupled.

12. The assembly of claim 11, wherein the coupling mechanism comprises a first recessed
portion and a first non-recessed portion, the first non-recessed portion tapering from a proximal
end to a distal end thereof and configured to engage a first cutout in the proximal end of the nail

via a friction fit.

13. The assembly of claim 12, wherein the msertion handle inchides a second recessed portion
and a second non-recessed portion, the recessed portions and non-recessed portions alternatingly

disposed about the circumference of the insertion handle.

14. The assembly of claim 12, further comprising a plurality of flexible tabs extending distally
from the non-recessed portion, each of the tabs including an increased thickness flange, the

flange configured to engage a circumferential ridge in the opening.

15, The assembly of claim 12, further comprising a longitudinal slot bisecting the non-recessed
portion and defining two flexible beams configured to laterally deflect within a predetermined

range of motion when the non-recessed portion engages the cutout.

16. The assembly of claim 15, wherein a width of the non-recessed portion with the slot
extending therethrough is greater than a width of the cutout so that when the non-recessed
portion 18 inserted nto the cutout the insertion handle and the implant are engaged via a friction

fit.
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17. Animplant msertion assembly, comprising:

an nsertion handle extending from a proximal end to a distal free end and
meluding a channel extending therethrough and two opposing cutouts, a distal
surface of the msertion handle mcluding two opposing convexly curved portions

positioned between the cutouts; and

an implant extending from proximal end mcluding an opening to a distal
end, the distal end including two proximally extending tabs configured to be
inserted into the cutouts, a proximal surface of the implant including two
opposing concavely curved portions configured to engage the convexly curved

portions of the insertion handle.

18. The assembly of claim 17, wherein the msertion handle further includes two distally
extending tabs, the tabs positioned on opposing convexly curved portions and configured to be

mserted into cutouts in the implant to transmit torque from the insertion handle to the implant.

19. The assembly of claim 17, further comprising a longitudinal slot bisecting the tabs and
defining two flexible beams configured to laterally deflect within a predetermined range of

motion when the tabs are mserted mmto the cutouts.

20. The assembly of claim 17, wherein a width of the tabs with the slot extending therethrough 13
greater than a width of the cutouts so that when the tabs are inserted into the cutouts the insertion

handle and the unplant are engaged via a friction fit.
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