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(106) formed from a radio translucent material having a target hole for guided passage of the target wire along a target axis. The
target axis coincides with the intersection of a first plane and a second plane orthogonal to the first plane. The Instrument system
also includes a nose component (150) attached to an end of the handle and removably connectable to the prosthesis. The nose
component includes an alignment sight formed from a radio-opaque material. VWhen the prosthesis Is connected to the nose
component and the target wire Is positioned through the target hole along the target axis, the image of the guide wire may be
radioscopically viewed along a first line of sight contained In the first plane to bisect the image of the alignment device, thereby

providing a first visual reference to the user for directing the first guide wire into the desired portion of the bone while holding the
prosthesis In a desired position relative to the bone.
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(57) Abstract: An instrument system is provided for positioning an inter-

nal fixation prosthesis and guiding a cannulated bone drill during a surgi-
cal, radioscopic procedure for the repair of a fractured bone of a patient.
The mstrument system includes a target wire (180), a handle (106) formed
from a radio translucent material having a target hole for guided passage of
the target wire along a target axis. The target axis comcides with the mter-
section of a first plane and a second plane orthogonal to the first plane.
The mstrument system also includes a nose component (150) attached to
an end of the handle and removably connectable to the prosthesis. The
nose component includes an alignment sight formed from a radio-opaque
material. When the prosthesis is connected to the nose component and the
target wire 1s positioned through the target hole along the target axis, the
image of the guide wire may be radioscopically viewed along a first line of
sight contained 1n the first plane to bisect the image of the alignment de-
vice, thereby providing a first visual reference to the user for directing the
first guide wire mto the desired portion of the bone while holding the pros-
thesis in a desired position relative to the bone.
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IMPROVED HIP FRACTURE NAIL SYSTEM

BACKGROUND

This disclosure relates 1n general to surgical devices and procedures, and more
particularly, to internal fixation devices, the associated instrumentation and procedures for the

repair of fractured bones.

Hip fracture nail (HFN) systems (also referred to as reconstruction nail systems) are
currently available for surgically treating a wide range of proximal femoral fracture indications.
HFN systems include an intramedullary nail that 1s sized and shaped for surgical implantation
into the intramedullary canal of the fractured, proximal femur. The proximal portion of the nail
has a smooth, transverse bore that retains a lag screw or the like having a distal end that anchors
into the femoral head of the femur, such that the construct holds the femoral neck and the
diaphysis (shaft) of the femur at a fixed angle with respect to each other, while allowing “sliding
compression” of the fractured, proximal femur to promote proper healing. Typically this
neck/shaft angle 1s 1n the range of 125 to 130 degrees. The proximal portion of the nail may also
include another transverse, smooth bore that retains an anti-rotation screw alongside and
proximal to the lag screw. Manufacturers typically provide HFN systems with both long and

short versions of the nail and 1n various sizes to accommodate patient anatomy variations.

Surgeons usually mmplant the hip fracture nail and screws with the aid of an x-ray
radioscope (fluoroscope) 1n order to verify proper reduction of the fracture and to properly
position the nail and screws in the femur. It 1s especially important to insert the distal end of the
lag and antirotation screws into the central portion of the femoral neck and head so as not to
weaken the construct or to break out through the articulation surface of the femoral head.
Therefore, manufacturers have provided special instrumentation for implanting the HFN system.
Such instrumentation typically includes a target jig that attaches to the proximal end of the nail.
The target j1g provides a handle for holding and positioning the nail into the femur with the aid
of radioscopic visualization. The target j1g also includes target holes aligned with the lag screw

and antirotation screw holes 1n the nail, to aid the surgeon in drilling the pilot holes into the
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femoral neck and head to receive the lag and anti-rotation screws. Portions of the target jig may
be radiolucent 1n order to radioscopically visualize the nail, while other portions of the target jig
may be radio opaque 1n order to provide visual references for aligning and positioning the nail
inside the femur so that the axis of the lag screw passes approximately through the center of the
femoral neck and head. Unfortunately during current standard HFN implantation procedures, it
1s usually necessary for the surgeon to take several radioscopic 1images 1n the lateral-medial and
anterior-posterior directions 1n order to reduce the fracture and to properly position the nail in the
femur. This 18 primarily because it 1s often difficult for the surgeon to discern 1f the radioscopic
view 18 optimal for directing a guide wire through the femoral neck and to the proper depth in the
femoral head. The guide wire 1s needed for guiding a cannulated drill to create a pilot hole for
the lag screw. Clearly, each radioscopic image increases exposure of the surgeon, staff and
patient to radiation and adds to the surgical procedure time and costs. What 1s needed, therefore,
1s improved instrumentation to aid the surgeon in properly implanting a hip fracture nail into the
femur of a patient when the mstrumentation 18 used 1in conjunction with a radioscopic 1maging

device.

Another challenge faced by orthopaedic surgeons 1s effectively managing a number of
differently configured and sized IM nails and instruments that are provided by manufacturers due
to the variation of patient anatomies. Currently available HFN systems include sets of IM nails
in various sizes for cach of a plurality of femoral neck/shaft angles. Each of these neck/shaft
angle sets require a dedicated target j1g, so 1t 18 necessary to match the correct IM nail with the
correct target j1ig when attaching the IM nail to the target jig during the surgical procedure.
Obviously, mismatching the IM nail and target jig may extend the duration of the procedure and
caus¢ unnecessary contamination of sterile components, resulting 1n higher surgical costs. What
1s also needed, therefore, 18 an improved HFN system to reduce confusion during the surgical

procedure related to matching each of the angular versions of the IM nail to its dedicated target

Jig.
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SUMMARY OF THE INVENTION

In accordance with an aspect of the present invention, there is provided an instrument
system for positioning an internal fixation prosthesis during a surgical, radioscopic procedure for
the repair of a fractured bone of a patient, the instrument system comprising: a. a target wire; b. a
handle formed from a radio translucent material having a target hole for guided passage of the
target wire along a target axis, whereby the target axis coincides with the intersection of a first
plane and a second plane orthogonal to the first plane; ¢. a nose component attached to an end of
the handle and removably connectable to the prosthesis, the nose component including an
alignment sight formed from a radio-opaque material; whereby when the prosthesis is connected to
the nose component and the target wire 1s positioned through the target hole along the target axis,
the 1mage of the target wire may be radioscopically viewed along a first line of sight contained in
the first plane to bisect the image of the alignment sight, thereby providing a first visual reference
to the user for directing the target wire into the desired portion of the bone while holding the

prosthesis in a desired position relative to the bone.

In accordance with another aspect of the present invention, there is provided a hip fracture
nail system for the internal fixation of a fractured, proximal femur of a surgical patient, the hip
fracture nail system comprising: a. an intramedullary nail for implantation into the intramedullary
canal of the proximal femur of the patient, the intramedullary nail including a distal shaft portion
defining a distal shaft axis and a proximal shaft portion containing a lag screw hole defining a lag
screw axis that 1s transverse to the distal shaft axis; b. a lag screw for implantation into the neck
and head of the fractured, proximal femur, the lag screw including a proximal portion retainable in
the lag screw hole and extending along the lag screw axis, and a distal portion for anchoring into
the head; c. atarget jig including: 1. a handle having an inferior end, a superior end and a lag target

hole defining a lag target axis, wherein the intersection of a medial-lateral plane and an anterior-

posterior plane coincides with the lag target axis; and ii. a nose component formed from a radio-
opaque material and attached to the superior end of the handle, the nose component including an
alignment sight, wherein the nose component is removably connectable to the proximal shaft
portion of the intramedullary nail, such that the lag target axis is coaxial with the lag screw axis;
and d. a guide wire for insertion through the lag target hole and into the femoral head along the lag
screw Xx1s for guiding a cannulated drill; such that when the intramedullary nail is connected to the
target J1g and 1nserted into the intramedullary canal of the proximal femur and the target wire is at
least partially inserted through the lag target hole, the alignment sight and the target wire are
radioscopically viewable along a first line of sight contained in the medial-lateral plane when the

1mage of the target wire 1s centered on the image of the alignment device.
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In accordance with another aspect of the present invention, there 1s provided a method of
implanting an internal fixation prosthesis in a patient during a surgical procedure for repairing a
fractured bone, the method comprising: a. obtaining an instrument system comprising: i. a target
wire; 11. a handle formed from a radio translucent material having a target hole for guided passage
of the target wire along a target axis, whereby the target axis coincides with the intersection of a
first plane and a second plane orthogonal to the first plane; iii. a nose component attached to an
end of the handle and removably connectable to the prosthesis, the nose component including an
alignment sight formed from a radio-opaque material; whereby when the prosthesis is connected to
the nose component and the target wire is positioned through the target hole along the target axis,
the 1image of the target wire may be radioscopically viewed along a first line of sight contained in
the first plane to bisect the image of the alignment device, thereby providing a first visual
reference to the user for directing the target wire into the desired portion of the bone while holding
the prosthesis in a desired position relative to the bone; b. removably connecting the prosthesis to
the nose component of the instrument system; c. initially positioning the prosthesis relative to the
fractured bone; d. inserting the target wire into the target hole along the target axis; e.
radioscopically obtaining the first visual reference; f. manipulating the instrument until the target
wire 1s directed into a desired portion of the bone; g. inserting the target wire into a desired
portion of the fractured bone; h. obtaining a cannulated drill; and i. drilling a pilot hole along the
target axis into the bone to a desired depth into the desired portion of the fractured bone, wherein

the pilot hole is sized for receiving the lag screw.

In accordance with another aspect of the present invention, there is provided a method of
repairing a fractured, proximal femur, the method comprising: a. obtaining a hip fracture nail
system for the internal fixation of a fractured, proximal femur of a surgical patient, the hip fracture
nail system comprising: 1. an intramedullary nail for implantation into the intramedullary canal of
the proximal femur of the patient, the intramedullary nail including a distal shaft portion defining a
distal shaft axis and a proximal shaft portion containing a lag screw hole defining a lag screw axis
that 1s transverse to the distal shaft axis; 11. a lag screw for implantation into the neck and head of
the fractured, proximal femur, the lag screw including a proximal portion retainable in the lag
screw hole and extending along the lag screw axis, and a distal portion for anchoring into the head;
1. a target jig including: . a handle having an inferior end, a superior end and a lag target hole
defining a lag target axis, wherein the intersection of a medial-lateral plane and an anterior-
posterior plane coincides with the lag target axis; and 2. a nose component formed from a radio-
opaque material and attached to the superior end of the handle, the nose component including an
alignment sight, wherein the nose component is removably connectable to the proximal shaft

portion of the intramedullary nail, such that the lag target axis is coaxial with the lag screw axis:
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and 1v. a target wire for insertion through the lag target hole and into the femoral head along the
lag screw axis for guiding a cannulated drill; such that when the intramedullary nail 1s connected to
the target jig and inserted into the intramedullary canal of the proximal femur and the target wire 1s
at least partially inserted through the lag target hole, a first visual reference is observable in which
the alignment sight and the target wire are radioscopically viewable along a first line of sight
contained in the medial-lateral plane when the image of the target wire is centered on the image of
the ahgnment device; b. removably connecting the nail to the nose component of the target jig; c.
initially positioning the nail inside the intramedullary canal of the proximal, fractured femur; d.
inserting the target wire into the lag target hole along the lag target axis; e. radioscopically
observing the first visual reference; f. manipulating the instrument until the target wire is directed
into a desired portion of the bone; g. inserting the target wire into the desired portion of the
fractured bone; h. obtaining a cannulated drill; and 1. drilling a bore along the target axis into the
bone to a desired depth while the target wire is inserted into the desired portion of the fractured

bone.

In accordance with another aspect of the present invention, there i1s provided a target jig
instrument for use with an implantable prosthesis, the target jig instrument comprising: a. a handle
formed from a radio translucent material and having a target hole for guiding a bone drill, the
target hole defining a target axis; and b. a nose component attached to the handle and removably
connectable to the prosthesis, the nose component including an alignment sight formed from a
radio-opaque material and including a pair of spaced-apart, opposing arms defining a U-shaped
gap therebetween; whereby a first plane containing the target axis bisects the U-shaped gap, such
that a radioscopic image of the alignment sight showing the entire width of the U-shaped gap is a

first visual reference to the user as to the direction of the target axis.

In accordance with another aspect of the present invention, there is provided a hip fracture
nail set for the internal fixation of a fractured, proximal femur of a surgical patient, the hip fracture
nail system comprising: a. a first intramedullary nail for implantation into the intramedullary canal
of the proximal femur of the patient, the first intramedullary nail including a distal shaft portion
detining a first distal shaft axis and a first proximal shaft portion containing a first lag screw hole
defining a first lag screw axis that is transverse to the first distal shaft axis, whereby the first distal
shatt axis and the first lag screw axis form a first angle, and the first proximal shaft portion
includes a first nail connector; b. a second intramedullary nail for implantation into the
intramedullary canal of the proximal femur of the patient, the second intramedullary nail including
a second distal shaft portion defining a second distal shaft axis and a second proximal shaft portion

containing a second lag screw hole defining a second lag screw axis that is transverse to the second

2¢C
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distal shaft axis, whereby the second distal shaft axis and the second lag screw axis form a second

angle, and the second proximal shaft portion includes a second nail connector; ¢. a lag screw for
implantation into the neck and head of the fractured, proximal femur, the lag screw including a
proximal portion retainable in each of the first and second lag screw holes and extendable along
each of the first and second lag screw axes, and a distal portion for anchoring into the head of the
femur; d. a first target jig including: i. a first handle having an inferior end and a superior end and
a first target hole defining a first target axis; i1. a first nose component attached to the inferior end
of the first handle and including a first nose connector; e. a second target jig including: 1. a second
handle having an inferior end and a superior end and a second target hole defining a second target
axis; ii. a second nose component attached to the inferior end of the second handle and including a
second connector; whereby the first nose connector is removably attachable in a single orientation
to the first nail connector, but not to the second nail connector, and the second nose connector 1s
removably attachable in a single orientation to the second nail connector, but not to the first nail

connector.

In accordance with another aspect of the present invention, there 1s provided a use of an
internal fixation prosthesis for implanting in a patient during a surgical procedure for repairing a
fractured bone, the prosthesis for removably connecting to the nose component of an instrument
system, the instrument system comprising: a. a target wire; b. a handle formed from a radio
translucent material having a target hole for guided passage of the target wire along a target axis,
whereby the target axis coincides with the intersection of a first plane and a second plane
orthogonal to the first plane; and ¢. the nose component attached to an end of the handle and
removably connectable to the prosthesis, the nose component including an alignment sight formed
from a radio-opaque material, whereby when the prosthesis 1s connected to the nose component
and the target wire is positioned through the target hole along the target axis, the image of the
target wire may be radioscopically viewed along a first line of sight contained in the first plane to
bisect the image of the alignment device, thereby providing a first visual reference to the user for
directing the target wire into the desired portion of the bone while holding the prosthesis in a
desired position relative to the bone; the prosthesis for initially positioning relative to the fractured
bone; the target wire for inserting into the target hole along the target axis; the tirst visual
reference for being obtained radioscopically; the instrument for manipulating until the target wire
is directed into a desired portion of the bone; the target wire for inserting into a desired portion of
the fractured bone; the target axis for drilling a pilot hole along thereof into the bone with a
cannulated drill to a desired depth into the desired portion of the fractured bone, wherein the pilot

hole 1s sized for receiving a lag screw.
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In accordance with another aspect of the present invention, there is provided a use
of a hip fracture nail system for the internal fixation of a fracture, proximal femur of a
surgical patient and for repairing the fractured, proximal femur, the hip fracture nail
system comprising: a. an intramedullary nail for implantation into the intramedullary
canal of the proximal femur of the patient, the intramedullary nail including a distal shaft
portion defining a distal shaft axis and a proximal shaft portion containing a lag screw
hole defining a lag screw axis that is transverse to the distal shaft axis; b. a lag screw for
implantation into the neck and head of the fractured, proximal femur, the lag screw
including a proximal portion retainable in the lag screw hole and extending along the lag
screw axis, and a distal portion for anchoring into the head; ¢ a target jig including: 1. a
handle having an inferior end, a superior end and a lag target hole defining a lag target
axis, wherein the intersection of a medial- lateral plane and an anterior-posterior plane
coincides with the lag target axis; and ii. a nose component formed from a radio-opaque
material and attached to the superior end of the handle, the-nose component including an
alignment sight, wherein the nose component is removably connectable to the proximal
shaft portion of the intramedullary nail, such that the lag target axis is coaxial with the
lag screw axis; and d. a target wire for insertion through the lag target hole and into the
femoral head along the lag screw axis for guiding a cannulated drill; such that when the
intramedullary nail is connected to the target jig and inserted into the intramedullary
canal of the proximal femur and the target wire is at least partially inserted through the
lag target hole, a first visual reference is observable in which the alignment sight and the
target wire are radioscopically viewable along a first line of sight contained in the
medial-lateral plane when the image of the target wire is centered on the image ot the
alignment device; the nail for removably connecting to the nose component of the target
jig; the nail for initially positioning inside the intramedullary canal of the proximal,
fractured femur; the target wire for inserting into the lag target hole along the lag target
axis: the first visual reference for being radioscopically observed; the instrument for
manipulating until the target wire is directed into a desired portion of the bone; the target
wire for inserting into the desired portion of the fractured bone; and the target axis for

drilling a bore therealong into the bone to a desired depth with a cannulated dnll while the

target wire is forinserting into the desired portion of the fractured bone.
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In accordance with another aspect of the present invention, therc is provided an
instrument system for positioning an internal fixation prosthesis during a surgical,
radioscopic procedure for the repair of a fractured bone of a patient, the instrument system
comprising. a) a target wire; b) a handle formed from a radio translucent material having
a target hole for gmded passage of the target wire along a target axis, whereby the target
axis coincides with the intersection of a first plane and a second plane orthogonal to the
first plane; ¢) a nose component attached to an cnd of the handle and removably
connectable to the prosthesis, the nose component formed from a radio-opaque materal
and including a pair of spaced-apart, opposing arms forming an alignment sight and
defining a U-shaped gap therebetween, whereby the target wire is radioscopically viewed
to extend centered between and parallel to the opposing arms when the full width ot the
gap 1s radioscopically viewable; whereby when thc prosthesis 1s connected to the nosc
component and the target wire is positioned through the target hole along the target axis,
the image of the target wire is radioscopically viewed along a first line of sight contained
in the first plane to bisect the image of the alignment sight, thereby providing a first visual
reference to the user for directing the target wire into the desired portion of the bone while

holding the prosthesis in a desired position relative to the bone.

In accordance with another aspect of the present invention, there is provided a hap
fracture nail system for the internal fixation ot a fréctured, proximal femur of a surgical
patient, the hip fracture nail system comprising: a. a first intramedullary nail for
implantation into the intramedullary canal of the proximal femur of the patient, the first
intramedullary nail including a distal shaft portion defining a first distal shaft axis and a
first proximal shaft portion containing a lag screw hole defining a first lag screw axis that
is transverse to the distal shaft axis; b. a lag screw for implantation into the neck and head
of the fractured, proximal femur, the lag screw including a proximal portion retainable 1n
the lag screw hole and extending along the first lag screw axis, and a distal portion for
anchoring into the head; c. a first target jig including: i. a handle having an inferior end, a
superior end and a lag target hole defining a lag target axis, whercin the intersection of a
medial-lateral plane and an anterior-posterior plane coincides with the lag target axis; and

1i. a nose component formed from a radio-opaque material and attached to the supenor end

21
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of the handle, the nose component including a pair of spaced-apart, opposing arms
forming an alignment sight and defining a U-shaped gap, wherein the nose component 15
removably connectable to the proximal shaft portion of the first intrameduilary nail, such
that the lag target axis 1s coaxial with the lag screw axis; and d. a target wire for insertion
through the lag target hole and into the femoral head along the lag screw axis for guiding a
cannulated drill, whereby the target wirc is be radioscopically viewed to extend centered
between and parallel to the pair of spaced-apart, opposing arms when the full width of the
gap is radioscopically viewable; such that when the first intramedullary natl 1s connected
to the first target jig and inserted into the intramedullary canal of the proximal femur and
the target wire is at least partially inserted through the lag target hole, the alignment sight
and the targct wire are radioscopically viewable along a first line of sight contained 1n the
medial-lateral plane when the image of the target wire is centered on the tmage of the

alignment sight.

In accordance with another aspect of the present invention, there is provided a use
of an internal fixation prosthesis for implanting in a patient during a surgical procedure for
repairing a fractured bone, the prosthesis for removably connecting to a nose component
of an instrument system, the instrument system comprising: a. a target wire; b. a handle
formed from a radio translucent material having a target hole for guided passage ot the
target wire along a target axis, whereby the target axis coincides with the intersection of a
first plane and a second plane orthogonal to the first plane; c. the nose component attached
to an cnd of the handle and removably connectable to the implantable prosthesis, the nose

component formed from a radio-opaque material and includes a pair of spaced-apart,

opposing arms forming an alignment sight and dcfining a U-shaped gap therebetween |
whereby the target wire is be radioscopically viewed to extend centered between and
parallel to the pair of spaced-apart, opposing arms when the full width of the gap 1s
radioscopically viewable; whereby when the prosthesis 1s connected to the nose
component and the target wire 1s posifioned through the target hole along the target axis,
the image of the target wire is radioscopically viewed along a first line of sight contained
in the first plane to bisect the image of the alignment sight, thereby providing a first visual

reference to the user for directing the target wire into the desired portion of the bone while
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holding the prosthesis in a desired position relative to the bone; the prosthesis for mnitially
positioning relative to the fractured bone; the target wire for inserting into the target hole
along the target axis; the first visual reference for being obtained radioscopically; the
instrument system for manipulating until the target wire is directed into a desired portion
of the bone; the target wire for inserting into a desired portion of the fractured bone; the
target axis for drilling a pilot hole along thereof into the bone with a cannulated drill to a
desired depth into the desired portion of the fractured bone, wherein the pilot hole is sized

for recerving a lag screw.

In accordance with another aspect of the present invention, there is provided a Use
of a hip fracture nail system for the intemnal fixation of a fracture, proximal femur of a
surgical patient and for repairing thc fractured, proximal femur, the hip fracture nail
system comprising: a. an intramedulléu'y nail for implantation into the intramedullary
canal of the proximal femur of the patient, the intramedullary nail including a distal shaft
portion defining a distal shaft axis and a proximal shaft portion containung a lag screw hole
defining a lag screw axis that is transverse to the distal shaft axis; b. a lag screw for
implantation into the neck and head of the fractured, proximal femur, the lag screw
including a proximal portion retainable in the lag screw hole and extending along the lag
screw axis, and a distal portion for anchoring into the head; c. a target jig including: 1. a
handle having an inferior end, a superior end and a lag target hole defining a lag target
axis, wherein the intersection of a medial- lateral plane and an anterior-posterior plane
coincides with the lag target axis; and ii. a nose component formed from a radio-opaque
material and attached to the superior end of the handle, the nose component includes a pair
of spaced-apart, opposing arms forming an alignment sight and defining a U-shaped gap
therebetween, wherein the nose component is removably connectable to the proximal shaft
portion of the intramedullary nail, such that the lag target axis is coaxial with the lag screw
axis; and d. a target wire for insertion through the lag target hole and into the femoral head
along the lag screw axis for guiding a cannulated dnill, whereby the target wire 1s
radioscopically viewed to extend centered between and parallel to the pair of spaced-apart
opposing arms when the full width of the gap is radioscopically viewable; such that when

the intramedullary nail is connected to the target jig and inserted into the intramedullary

Zh
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canal of the proximal femur and the target wire is at least partially inserted through the lag
target hole, a first visual reference is observable in which the alignment sight and the
target wire are radioscopically viewable along a first line of sight contained in the medial-
lateral plane when the image of the target wire is centered on the image of the alignment
sight; the nail for removably connecting to the nose component of the target jig; the nail
for iitially positioning inside the intramedullary canal of the proximal, fractured femur;
the target wire for inserting into the lag target hole along the lag target axis; the first visual
reference for being radioscopically observed; the instrument for manipulating until the
target wire 1s directed into a desired poﬁion of the bone;

the target wire for inserting into the desired portion of the fractured bone; the target axis
for drilling a bore theralong into the bone to a desired depth with a cannulated dnll while

the target wire is inserted into the desired portion of the fractured bone.
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BRIEF DESCRIPTION OF DRAWINGS

While this specification concludes with claims that particularly point out and distinctly
claim the invention, the following description and the accompanying drawings further illustrate
some non-limiting examples of the claimed invention. Unless otherwise indicated, like reference

numerals 1dentify the same elements.

Fig. 1 1s an anterior-lateral view of a hip fracture nail (HFN) assembly, which includes
an intramedullary (IM) nail and a lag screw defining a lag screw axis, implanted into a

proximal femur of a patient.

Fig. 2 1s a perspective view of a target jig having a nose component, which 1s shown 1n

connecting alignment with the IM nail of Fig. 1.

Fig. 3 1s a detailed, perspective view of the nose component of Fig. 2.

Fig. 4 1s a front view of the nose component of Fig. 3, showing the nose component with

an alignment sight having a pair of spaced-apart, opposing arms that form a U-shaped

gap.

Fig. 5A 1s an anterior view, as may be radioscopically imaged, of the target j1g connected
to the IM nail, which has been positioned at an initial insertion depth in the proximal
femur, and showing a tower extension assembly that includes a tower containing two,

parallel guide wires attached to the target jig.

Fig. 5B 15 a perspective view of the tower shown 1n Fig. SA.

Fig. 6 1s a view of the IM nail and the tower extension assembly shown 1 Fig. SA, as

may be radioscopically imaged along a second line of sight contained in an anterior-

posterior plane of the target j1g while the IM nail 1s 1n a desired 1nsertion depth 1n the
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proximal femur, such that the lag screw axis appears to pass through the center of the

femoral head.

Fig. 7 1s an anterior view of the target jig and the IM nail initially positioned as shown 1n
Fig. 5A, and also showing a target tube assembly inserted into the target jig along the lag

SCrew axis.

Fig. 8 1s a detailed, sectional view of a portion of the target tube assembly and the target

j1g shown 1n Fig. 7.

Fig. 9 1s a lateral view of the target j1g and the IM nail, as may be radioscopically imaged,
positioned at the desired insertion depth as shown 1n Fig. 6, but positioned at an itial
version angle 1n the proximal femur of the patient, and showing only a portion of the U-

shape gap.

Fig. 10 1s a view of the target j1g and the IM nail positioned at a desired version angle, as
may be radioscopically imaged, along a first line of sight contained in a lateral-medial
plane, such that a target wire inserted in the target jig along the lag screw axis 1s directed
approximately through the center of the femoral head and centered on the U-shaped gap
of the alignment sight.

Fig. 11 1s the same view as shown 1n Fig. 10, but now also showing the target wire

advanced 1nto the femoral head to a desired penetration depth.

Fig. 12 1s an anterior view of the target jig being used to guide a cannulated drill over the
inserted target wire and 1nto the femoral head to create a pilot hole for the lag screw

shown 1n Fig. 1.

Fig. 13A 15 a perspective view of a first target jig in connecting alignment with a first IM

nail, and 1s part of an HFN set.
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Fig. 13B 1s a second target j1g 1n connecting alignment with a second IM nail, and 1s also

part of the HFN set of Fig. 13A.

Fig. 14 1s a detailed, perspective view of a first nose connector of the first target jig

shown in Fig. 13A, shown 1n connecting alignment with a first nail connector of the first

IM nail.

Fig. 15 1s a detailed, end view of the first nose connector shown 1n Fig. 14.

Fig. 16 1s a detailed, end view of the first nail connector shown in Fig. 14.

Fig. 17 1s a detailed, perspective view of a second nose connector of the second target jig
shown in Fig. 13B, shown 1n connecting alignment with a second nail connector of the

second IM nail.

Fig. 18 1s a detailed, end view of the second nose connector shown 1n Fig. 17.

Fig. 19 1s a detailed, end view of the second nail connector shown 1n Fig. 17.

DETAILED DESCRIPTION

In this disclosure, the terms “anterior, posterior, lateral and medial” generally refer to the
front, back, outside and midline of the surgical patient, respectively, although these terms are
also used 1n reference to the devices. Also, 1t should be noted that the term “user” may refer to a
surgeon or any one of a number of individuals who assist the surgeon during the bone fracture

repair procedure.

Fig. 1 1s an anterior-lateral view of a hip fracture nail prosthesis 18 (or HFN prosthesis
18) implanted 1nto the proximal portion of a femur 2 having a femoral head 4 with a center 12, a
femoral neck 6, a trochanter 10, an intramedullary canal 14 and a femoral diaphysis 8. HFN

prosthesis 18 includes an intramedullary nail 20 (or IM nail 20) and a lag screw 40. IM nail 20



CA 02772254 2012-02-24
WO 2011/028520 PCT/US2010/046476

includes a proximal shaft portion 26 defining a proximal shaft axis 28 and a distal shaft portion
22 defining a distal shaft axis 24 that may be slightly inclined relative to proximal shaft axis 28
to conform to the shape of femur 2. Lag screw 40 defines a lag screw axis 42 and includes a
proximal barrel portion 44 and a distal threaded portion 46. Proximal portion 26 may slidingly
retain barrel portion 40 of lag screw 40. Lag screw axis 42 and distal shaft portion axis 24 define
a femoral neck-diaphysis angle indicated by the letter A, which corresponds approximately to the
angle formed between the femoral neck 6 and the femur diaphysis 8. For most patients, this

angle 1s approximately 1n the range of 125-130 degrees.

Distal threaded portion 46 1s designed for threadable engagement into the bone in the
center portion of the femoral head. However, there are different but functionally equivalent
devices for anchoring into the femoral neck and head, including “blade” types of lagging devices
for use with femoral nails, and reference to distal threaded portion 46 of lag screw 40 1s not

intended to be limiting.

HFN prosthesis may also include an end cap 21 and a retaining screw (hidden) mside of
the mternally threaded, proximal portion 26 of IM nail 20 for retaining lag screw 40. All of the
components of HFN prosthesis 18 may be formed from any one or more of a number of
biocompatible, radio-opaque materials, including a titanium alloy and stainless steel, as 1s well

known 1n the art.

Fig. 1 also shows an anterior-posterior plane 50 (or AP plane 50 or first plane 50) that 1s
orthogonal to a lateral-medial plane 52 (or LM plane or second plane 52). The intersection of
AP plane 50 and LM plane 52 coincides with lag screw axis 42. A first line of sight 51 1s
contained in AP plane 50. A second line of sight 53 1s contained in LM plane 52. As will be
described, the first line of sight 51 and the second line of sight 53 generally correspond to the
optimal set-up directions of a radioscopic 1maging device when positioning IM nail 20 1n femur
2 1n order to direct a targeting guide wire along lag screw axis 42 and through center 12 of
femoral head 4. Once properly inserted into femoral neck 6 and femoral head 4, this targeting
oguide wire may be used safely to guide a cannulated drill to create a pilot hole for lag screw 40,

as 1s well known 1n the art.
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The actual direction of the first line of sight 51 within the AP plane 52 with respect to lag
screw axis 42 may vary, depending on the skill level of the user. Optimally, however, the first
line of sight 51 1s approximately perpendicular to lag screw axis 42 and within AP plane 52. As
will be described, this 1s especially significant when 1nserting a guide wire into femoral head 4 to
the desired depth to prevent penetration of the guide wire tip through the articulation surface of
femoral head 4. Similarly, the actual direction of the second line of sight 53 within the LM plane
52 with respect to distal shaft axis 24 may vary, depending again on the skill level of the user. In
this case, the optimal direction of the first line of sight 51 1s approximately parallel to lag screw
ax1s 42 and within LM plane 52. As will be described, particular features of the devices
disclosed herein assist the user 1in radioscopically visualizing IM nail 20 along the first and
second lines of sight in order to properly set the insertion depth and the version angle of IM nail

20 1n femur 2.

HFN prosthesis 18 may also include an anti-rotation screw (not shown) as noted
previously. The present disclosure, however, 1s directed primarily to devices and procedures
assoclated with the proper positioning of IM nail 20 and lag screw 40 1nto femur 2, since the
positioning of the anti-rotation screw into femur 2 1s predetermined by the prior positioning of
lag screw 40 1nto femur 2. HFN prosthesis 18 may also include additional screws and other
internal components not described herein. Additional description of an exemplary device that 1s
generally stmilar to HEN prosthesis 18 and that includes an anti-rotation screw may be found 1n
U.S. Pat. App. No. 2006/0106386A1 entitled “Orthopacdic Screw and Method” filed by E.
Reber, et al, on June 28, 2005.

Fig. 2 18 a perspective view of a target jig 100 shown 1n connecting alignment with IM
nail 20. Target j1ig 100 releaseably attaches to IM nail 20 to aid the user 1n positioning IM nail
20 mn femur 2, to attach stabilizing guide wires, and to drill pilot holes into femur 2 to receive lag
screw 40, as well as the other screws noted previously. Target j1g 100 may include an arcuate-
shaped handle 106 having a superior end 102 and an mferior end 104. Handle 106 may be
formed from a radio-translucent, biocompatible material such as carbon-filled PEEK. A nose

component 150 connects to superior end 102 of handle 106. Nose component 150 includes a
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yoke portion 154 and a shaft portion 152 that extends distally from superior end 102 of handle
106 to define a nose axis 162. Nose axis 162 1s coaxial with proximal shaft axis 28 of IM nail 20
when IM nail 20 1s attached to target j1ig 100. Nose component 150 may be formed from a
biocompatible, radio-opaque material such as a titanium alloy or a stainless steel. Nose
component 150 also includes a nose connector 156 and IM nail 20 includes nail connector 38 for

releasably attaching nose component 150 to IM nail 20.

As shown 1n Fig. 2 , Fig. 5A and Fig. 6, handle 106 of target jig 100 may include a first
wire hole 108 defining a first target axis 109, a second wire hole 110 defining a second wire axis
111, a third wire hole 112 defining a third wire axis 113, a first target hole 114 defining a first
target axis 115, a second target hole 116 defining a second target axis 117, an antirotation target
hole 118 (or AR target hole 118) defining an AR target axis 120 and a lag target hole 122
defining a lag target axis 124. A clamp element 126 assembles to inferior end 104 of handle 106

and 1s shown 1n greater detail in Fig. 8.

Fig. 2 also shows IM nail 20 to include a lag screw hole 30 defining a lag screw hole axis
32 and an AR hole 34 for receiving an AR screw (not shown) and defining an AR hole axis 36,
which 1s parallel to lag screw hole axis 32. As shown 1 Fig. 5 and Fig. 6, when IM nail 20 18
attached to target j1g 100, lag screw hole axis 32 and lag target axis 124 align to form a lag screw
ax1s 42. As will be described, a user may attach target j1g 100 to IM nail 20 and manipulate IM
nail 20 1 femur 2, such that lag screw axis 42 passes approximately through center 12 of femoral

head 4 prior to drilling the pilot hole for lag screw 40.

Fig. 3 1s a detailed, perspective view and Fig. 4 1s a front view (corresponding to the
lateral-medial view when target jig 100 1s used to position IM nail 20 1in femur 2) of nose
component 150 of target jig 100, showing a yoke portion 154 and a shaft portion 152. Yoke
portion 154 has a left arm 158 and an opposing right arm 159, together forming an alignment
sight 160 defining a U-shaped gap 161 that centers on shaft portion axis 162 when viewed as
shown 1n Fig. 4. Since nose component 150 1s formed from a radio-opaque material, alignment
sight 160 1s visible on a radioscopic 1image. Nose component 150 also has first and second

attachment holes, 164 and 166, for attachment of nose component 150 to handle 106 with pin
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fasteners. Target j1ig 100 may be adapted for single use disposability or for repeated sterilizations

using conventional techniques to allow usage for multiple surgical procedures.

Fig. SA and Fi1g. 6 arc views of a hip fracture nail (HFN) system 16 that includes target
j1g 100, HEN prosthesis 18 and a tower extension assembly 128, HFN system 16 may also
include a target tube assembly 60, shown 1n Fig. 7. The surgical steps required to reach the point
of the surgical repair procedure depicted 1n these views, including wound site preparation, initial
reduction of the fractured bone and reaming of the IM canal of femur 2, are well-known 1n the

art and are described 1n the earlier referenced patent application to Reber, et al.

Figs. 5A,6,7,9, 10 11 and 12 generally depict the steps that a user may follow to use
target j1g 100, in conjunction with additional elements to be described, to position IM nail 20 1n
femur 2 and to drill a pilot hole for lag screw 40 to the proper depth, such that lag screw axis 42
passes approximately through center 12 of femoral head 4. It should be noted that the user may
desire to position lag screw axis 42 slightly inferior to center 12, 1f the user desires to also insert
an AR screw proximal to and alongside of lag screw 40. What 1s important 1s that lag screw 40
(and the AR screw, 1f used) 1s 1nserted into the central, cancellous bone of the femoral neck 6 and
femoral head 4, such that 1t does not penetrate the articulation surface of femoral head 4 and also
1s not likely to cause a new head and/or neck fracture when bearing load during the post-

operative period of bone healing.

Fig. 5A 1s an anterior view, as may be 1tmaged by a radioscopic (X-ray fluoroscopic, ctc.)
imaging device, of HFN system 16, showing IM nail 20 positioned within intramedullary canal
14 of femur 2 at an initial insertion depth. Lag target hole 118 appears to align through center 12
of femoral head 4, but this may be misleading since this view 1s not along the first line of sight
51 (Fig. 1). In order to properly visualize the alignment of lag target hole 118 with lag screw
hole 30 and center 12 of femoral head 4, the user may redirect the radioscopic 1imaging device to

obtain a view approximately along the first line of sight 51 within the anterior-posterior plane 52

(Fig. 1).
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As shown 1n Fig. 5A and Fig. 5B, tower extension assembly 128 removably attaches to
cither side (to repair a hip fracture on either side of a patient) of inferior end 104 of handle 106.
Tower extension assembly 128 includes a tower 129 that may be formed, for example, from a
thick, rectangular, metal plate. A pair of spaced apart posts 186 extend from one end of tower
129 for removable insertion into a first tower hole 82 and second tower hole 84 (Fig. §). A
spring detent 80 (Fig. 8) mounted into handle 106 holds either one of the pair of posts 186 with a
predetermined force to secure tower 129 to handle 106 during use, yet still allowing casy
insertion and removal. Tower 128 further includes a plurality of spaced-apart, parallel, through-
holes or channels 184 that define a like plurality of parallel, channel axes 185. Each of channels
184 extend transversely across the entire width of tower 128, 1s offset from lag target hole axis
124 and are sized to guide one of a pair of 1dentical, conventional, metal guide wires, herein

referred to as a first alignment wire 180 and a second alignment wire 182.

Tower extension assembly 128 provides a first visual reference to the user for adjusting
the position of IM nail 20 to the desired insertion depth so that lag screw axis 42 passes through
center 12 of femoral head 4. The user 1nserts first alignment wire 180 1nto one of channels 184
of tower 128 and second alignment wire 182 into another of channels 184, such that they pass
over the outside of the patient’s upper leg. The selection of which of channels 184 to use
depends primarily on the overall thickness of soft tissue layers overlying femur 2. For obese
patients, the user may select the outermost of channels 184 with the greatest offset from lag
target hole axis 124. First alignment wire 180 and second alignment wire 182 may then be
extended past femoral head 4 as shown 1n Fig. 5A and radioscopically imaged in the general
anterior-posterior direction. Target j1g 100 may then be used to manipulate IM nail 20 and adjust
the msertion depth. In addition, the user may adjust the aim of the radioscopic imaging device
and take additional radioscopic 1images until a view similar to the view of Fig. 6 1s obtained.
Obviously, the number of radioscopic 1images required to obtain the view of Fig. 6 will vary
largely on the skill of the user, among other factors. However, using tower extension assembly
128 18 expected to decrease the number of radioscopic images that most users will require to

position IM nail 20 at the desired msertion depth in femur 2.

10
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Fig. 6 1s a view of HFN system 16, as may be radioscopically imaged along the second
line of sight 51 (Fig. 1) contained in AP plane 50 when IM nail 20 1s positioned at a desired
insertion depth in the proximal femur, such that lag screw axis 42 aligns through center 12 of
femoral head 4. As shown in Fig. 6, first alignment wire 180 obstructs the view of second
alignment wire 182, thereby providing a first visual reference that the radioscopic imaging
device 1s directed along the first line of sight 51. First alignment wire 180 also appears to pass
through center 12 of femoral head 4, indicating proper alignment of lag screw axis 42 with center
12 of femoral head 4. However, lag screw axis 42 may not necessarily pass through center 12

until a similar procedure 1s also completed for the medial-lateral (LM) direction, as will be

described for Figs. 9 and 10.

Fig. 7 1s an anterior view of target jig 100 and IM nail 20 positioned in femur 2. In this
view, lag screw axis 42 1s alrecady aligned 1n the AP direction, as just described for Fig. 6. The
user (with assistance) has removed tower extension assembly 128 and has assembled target tube
assembly 60 1nto lag target hole 122 of target jig 100 while holding target j1ig 100 1n position in
femur 2. If desired, the user may pass a guide wire (not shown) through third wire hole 112 and
drill the guide wire mto the near cortex of femur 2 to temporarily hold the position of IM nail 20
in the bone. The second wire hole 110 aligns with the proximal end of IM nail 20. The user may
insert a guide wire into hole 110 to help ascertain the position of the proximal end of IM nail 20

relative to the superior surface of trochanter 10.

Fig. 8 1s a detailed, sectional view of a portion of target tube assembly 60 and target jig
100. Target tube assembly 60 includes an outer tube 62 and an inner tube 66. Referring now to
both Fig. 7 and Fig. &, outer tube 62 fits slidably through lag target hole 122. Outer tube 62 has a
distal end 63 that the user may position against the near surface of femur 2, and a proximal
handle 64 for inserting, positioning and removing outer tube 62. The user may lock the axial
position of outer tube 62 by tightening clamp 126. Inner tube 66 fits slidably into the inside of
outer tube 62. A friction ring 86 provides a localized, tight fit between outer tube 62 and inner
tube 66 1n order to prevent inner tube 66 from shiding out of outer tube 62 mnadvertently. The

inside diameter of inner tube 66 1s sized to guide a lag target wire 70 along lag screw axis 42.

11
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Inner tube 66 also includes a proximal handle 68. Each of outer tube 62 and 1nner tube 64 may

be formed from a metal such as stainless steel and may be easily cleaned and sterilized for reuse.

With lag screw axis 42 approximately aligned with center 12 of femoral head 4 as viewed
in the anterior-posterior direction, and with target tube assembly 60 assembled into target j1g 100
as shown 1n Fig. 7, the user may next position IM nail 20 to a desired version angle about the
long axis of femur 2, such that lag screw axis 42 passes through center 12 of femoral head 4 as
viewed 1n the medial-lateral direction. This 1s also known 1n the art as “setting the version™ of

IM nail 20 and 1s described next.

Fig. 9 1s lateral view of target j1g 100 (showing only part of handle 106) and IM nail 20,
as they may be 1nitially positioned in femur 2 of the patient and radioscopically imaged. Nose
component 150, IM nail 20 and lag target wire 70 are radio-opaque and are clearly visible, even
though partially obstructed by translucent handle 106 of target j1ig 100. Left arm 158 and
opposing right arm 159 of alignment sight 160 of nose component 150 together form U-shaped
gap 161. As shown 1n Fig. 9, a portion of alignment sight 160 1s obstructed by right arm 159,
thercby providing a second visual reference to the user regarding alignment of lag screw axis 42
through center 12 of femoral head 4. Based on the view shown 1n Fig. 9, the user may turn
target j1g 100 slightly about the long axis of femur 2 so that alignment sight 160 1s centered
directly beneath center 12 of femoral head 4, as shown 1n Fig. 10. This also aligns lag screw axis
42 with center 12 so that lag target wire 70 may be advanced into femoral head 4 as shown 1n
Fig. 11. Nose component 150 1s configured such that when the height of alignment sight 160
(indicated by the letter H 1n Fig. 11) appears on the x-ray image to be greatest, as shown in Fig.
11, the user knows that the distance of the tip of lag target wire 70 from the surface of femoral
head 4 (indicated by the letter D 1n Fig. 11) 1s approximately the actual distance. This may also
be confirmed by another radioscopic view in the anterior-posterior direction. Using alignment
sight 160 1n this way in combination with lag target wire 70, the user may safely advance lag

target wire 70 into femoral head 4 without penetrating the articulation surface.

Once the user has inserted lag target wire 70 through femoral neck 6 to the desired depth

into femoral head 4, the user may remove target tube assembly 60. The user may then use target

12
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j1g 100, as shown 1n Fig. 12, to guide a cannulated drill 90 over lag target wire 70 and into
femoral head 4 to create a pilot hole for lag screw 40 (shown 1n Fig. 1). Then the user may insert
lag screw 40 (which 1s also cannulated) and remove lag target wire 70. At this stage of the

procedure, IM nail 20 and lag screw 40 are properly positioned in femur 2 as shown in Fig. 1.

As described previously for Fig. 5, target jig 100 includes first wire hole 108 1n the
superior portion of handle 106. Prior to advancing lag target wire 70 into femoral head 4, the
user optionally may insert a guide wire into first wire hole 108 and extend the wire over nose
component 150 and femoral head 4 (without extending into the patient’s tissue). The user may
then observe the position of this guide wire, in combination with the methods already described

for Figs. 9 and 10, to aid 1n setting the version of IM nail 20 in femur 2.

Once the user has inserted lag screw 40 and “staked” IM nail 20 at the desired position in
femur 2, the user may then 1nsert the remaining screws and nail components and complete the
implantation procedure. First target hole 114 and second target hole 116 of target jig 100 may be
used to guide a drill and to insert locking screws 1n the distal shaft portion of IM nail 20. AR
target hole may be used to guide a drill and to insert the AR screw, if provided. Internal
components (not shown) of IM nail 20 may be assembled into the proximal portion of IM nail 20
to secure lag screw 40 (and the AR screw, if provided) and an end cap 21 (Fig. 1) may be
attached to the proximal end of IM nail 20.

Although the previous description refers to observing the first visual reference for the AP
plane first and the second visual reference for the LM plane second when positioning IM nail 20
in femur 2, 1t 18 also possible to do the reverse, that 18, observe the second visual reference first
and observe the first visual reference second. It 1s expected that most users will continue to
move the radioscopic imaging device back and forth between the AP and LM views as they
currently do using conventional nail systems. However, using the HFN system 16 and the
methods described herein are expected to significantly reduce the number of times that users will
need to move the imaging device and the number of radioscopic 1images taken during cach

procedure.

13
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As described previously, various sizes and configurations of femoral, intramedullary nails
are currently available to because of the variety of patient anatomies. In particular, the angle
between the femoral neck and the femoral diaphysis (or neck-diaphysis angle) typically varies

between about 125 to 130 degrees for most patients.

Figs. 13A & 13B depict an HEN set 96. Fig. 13A shows a first HFN system 16 and Fig.
13B shows a second HFN system16’. (HFN system 16 of Fig. 5A and all of 1ts elements are
1dentical to first HFN system 16 of Fig. 13A and all of 1ts elements. Therefore, the numbering of
all the elements has been retained, but many of the names of the elements are now preceded by
the word “first”.) First HFN system 16 includes a first HFN prosthesis 18 and a second HFN
prosthesis 18°. First HFN prosthesis 18 includes a first IM nail 20 and a first target j1g 100. The
angle between a distal shaft portion 24 of a first IM nail 20 and a first lag screw axis 42,
indicated by the letter A in Fig 13A, 18 equal to approximately 125 degrees, This angle
corresponds to patients who have a femoral neck-diaphysis angle of approximately 125 degrees.
Second HFN prosthesis 18 includes a second IM nail 20’ and a second target j1g 100°. The
angle between a second distal shaft portion 24° of IM nail 20 and a second lag screw axis 42,
indicated by the letter A’ 1n Fig. 13, 1s equal to approximately 130 degrees. This corresponds to
patients who have a femoral neck-diaphysis angle of approximately 130 degrees. As described
similarly for Fig. SA, first lag screw axis 42’ 1s the common axis of a first lag target hole 122° of
first target j1g 100 and a first lag screw hole 30’ of first IM nail 20°, when first target jig 100°
and first IM nail 20° are attached together.

HFN set 96 also may include tower extension assembly 128 (previously described for
Fig. SA) and target tube assembly 60 (previously described for Fig. &), both of which may be
used with each of first HFN system 16 and second HFN system 16°.

Second target j1g 100” should not be used with first IM nail 20 because first lag screw
hole 30 of first IM nail 20 and second lag target hole 122° of second target j1ig 100” would not
have a common lag screw axis. Without a common lag screw axis, 1t 1S impossible to insert
target tube assembly 60 (see Fig. 7) and drill the pilot hole for lag screw 40. All the other target
holes and guide wire holes of target j1g 100” would also be slightly misdirected for use with IM

14
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nail 20. Therefore, HFN system 16 1s provided with a IM nail attachment arrangement that
prevents mismatching, 1.¢., attaching IM nail 20 to target jig 100°. This arrangement also
prevents attaching IM nail 20’ to target jig 100. As described next for Figs. 14-19, nose
connector 156 of target jig 100 has a different configuration than nose connector 156’ of target

j1g 100°. Similarly, nail connector 38 has a different configuration than nail connector 38°.

Fig. 14 1s a detailed, perspective view of a first nose connector 156 of a first nose
component 150 shown 1n connecting alignment with a first nail connector 38 of first IM nail 20.
Fig. 15 1s a detailed, end view of first nose connector 156 and Fig. 16 1s a detailed, end view of
first nail connector 38. Fig. 17 1s a detailed, perspective view of a second nose connector 156 of
a second nose component 150 shown 1n connecting alignment with a second nail connector 38’
of second IM nail 20°. Fig. 18 1s a detailed, end view of second nose connector 156° and Fig. 19

18 a detailed, end view of second nail connector 38’.

As shown 1n Fig. 15, first nose connector 156 of first nose component 150 includes a
plurality of spring fingers 176 equally spaced apart and forming a circle centered on axis 162.
Each of spring fingers 176 are sized and configured to deflect and then to grip the inside of first
IM nail 20, but only when 1nserted to a desired depth. The axial force required to removably
connect first nose component 150 to first IM nail 20 may be predetermined by adjustment of the
overall spring rate of the individual spring fingers 176. As 1s well known 1n the art, various
mechanical attachment designs are possible to provide the desired holding force at the desired
insertion depth. For example, an annular recess (not shown) on the 1nside of first IM nail 20 may

be provided to retain annular ridges (not shown) on the ends of spring fingers 176.

As shown 1n Fig. 15, first nose connector 156 mcludes a first flute 170, a second flute 172
and a third flute 174 spaced radially apart around axis 162. First and second flutes, 170 and 172,
have a width W2. Thiard flute has a width W1, which 1s slightly greater than W2. First and
second flutes, 170 and 172, are equally spaced apart from third flute 174 along the perimeter of
nosc component 150 by an angle indicated by the letter B. As shown in Fig. 16, first nail
connector 38 of IM nail 20 includes a first recess 171, a second recess 173 and a third recess 175.

First and second recesses, 171 and 173, have a width X2, which 1s slightly greater than width W2
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of first and second flutes, 170 and 172. Third recess 175 has a width X1, which 1s slightly
greater than width W1 of thard flute 174. First and second recesses, 171 and 173, are equally
spaced apart from third recess 175 along the perimeter of IM nail 20 by angle B. Only when
third flute 174 of nose connector 156 1s radially aligned with third recess 175 of first nail
connector 38 and axis 162 of first nose component 162 18 coaxial with axis 28 of IM nail 20, first
nail connector 38 may receive first nose connector 156 to the desired depth to allow first IM nail

20 and first nose component 150 to be removably connected.

As shown 1n Fig. 18, second nose connector 156° of second nose component 150°
includes a plurality of spring fingers 176’ equally spaced apart and forming a circle centered on
ax1s 162°. Each of spring fingers 176’ are sized and configured to deflect and then to grip the
inside of second IM nail 20°, but only when 1nserted to a desired depth. The axial force required
to removably connect second nose component 150° to IM nail 20’ may be predetermined by
adjustment of the overall spring rate of the individual spring fingers 176°. As for the first HFN
system 16, various mechanical attachment designs are possible to provide the desired holding

force at the desired insertion depth.

As shown 1n Fig. 18, second nose connector 156’ includes a first flute 170°, a second
flute 172’ and a third flute 174’ spaced radially apart around axis 162°. First and second flutes,
170° and 172°, have a width Y2. Third flute has a width Y1, which 1s slightly greater than Y2.
First and second flutes, 170 and 172°, are equally spaced apart from third flute 174 along the
perimeter of nose component 150° by an angle C. As shown 1n Fig. 19, second nail connector
38’ of IM nail 20’ includes a first recess 171°, a second recess 173’ and a third recess 175°. First
and second recesses, 1717 and 1737, have a width Z2, which 1s slightly greater than width Y2 of
first and second flutes, 170” and 172°. Third recess 1757 has a width Z1, which 1s slightly greater
than width Y1 of third flute 174°. First and second recesses, 1717 and 173°, are equally spaced
apart from third recess 1757 along the perimeter of IM nail 20° by angle C. Only when third flute
174’ of second nose connector 156’ 1s radially aligned with third recess 175 of second nail
connector 387 and axis 162” of second nose component 162’ 1s coaxial with axis 28’ of second
IM nail 20°, second nail connector 38’ may receive second nose connector 156° to the desired

depth to allow second IM nail 20’ and second nose component 150’ to be removably connected.
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Because angle B of first nose connector 156 and first nail connector 28 18 not equal to
angle C of second nose connector 156’ and second nail connector 28°, 1t 1s impossible to connect
first nose connector 156 to second nail connector 28’ or to connect second nose connector 156°
to first nail connector 28. This connecting arrangement also insures that cach of first IM nail 20
and second IM nail 20’ are removably connected to cach of target jig 100 and target j1g 100°,

respectively, 1n the proper orientation for insertion into the femur of the patient.

We have shown and described various embodiments and examples. However, one of
ordinary skill in the art can accomplish further adaptations of the methods and devices described
herein by appropriate modifications without departing from the overall concept. We have
mentioned several of such potential modifications and others will be apparent to those skilled 1n
the art. For instance, the specific materials, dimensions and the scale of drawings should be
understood to be non-limiting examples. Accordingly, we do not intend the scope of the
following claims to be understood as limited to the details of structure, materials or acts shown

and described 1n the specification and drawings.
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CLAIMS

. An 1nstrument system for positioning an internal fixation prosthesis during a surgical,

radioscopic procedure for the repair of a fractured bone of a patient, the instrument system
comprising:

a} a target wire;

b) a handle formed from a radio translucent material having a target hole for guided
passage of the target wire along a target axis, whereby the target axis coincides with the
intersection of a first plane and a second plane orthogonal to the first plane;

¢) a nose component attached to an end of the handle and removably connectable to
the prosthesis, the nose component formed from a radio-opaque matenal and including a pair
of spaced-apart, opposing arms forming an alignment sight and defining a U-shaped gap
therebetween, whereby the target wire is radioscopically viewed to extend centered between
and parallel to the opposing arms when the full width of the gap is radioscopically viewable;

whercby when the prosthesis is connected to the nosc component and the target wire
1s positioned through the target hole along the target axis, the image of the target wire 1s
radioscopically viewed along a first linc of sight contained in the first plane to bisect the
image of the alignment sight, thereby providing a first visual reference to the user for
directing the target wire into the desired portion of the bone while holding the prosthesis in a
desired position rclative to the bone.

2. The instrument system of claim 1, further including an extension assembly removably
attachable to the handle, the extension assembly including:

a. a tower having a pair of spaced-apart, parallel channels defining a pair of channel
axes, such that when the tower is attached to the handle, both channel axes lie in the second
plane and are offset from the target axis;

b. a first alignment wire and a second alignment wire, each of which is sized for
gutded passage through one of the channels;

whereby when the tower is attached to the handle and each of the first and second
alignment wires is inserted into one of the channcls, the image of the first alignment wire
obstructs the image of the second alignment wire when radioscopically viewed along a
second line of sight contained in the second plane, thereby providing a second visual
reference to the user for directing the target guide wire into the desired portion of the bone.
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3. A hip fracture nail system for the intemal fixation of a fractured, proximal femur of a
surgical patient, the hip fracture nail system comiprising:

a. a first intramedullary nail for implantation into the intramedullary canal of the
proximal femur of the patient, the first intramedullary nail including a distal shaft portion

defining a first distal shaft axis and a first proximal shaft portion containing a lag screw hole
defining a first lag screw axis that 1s transverse to the distal shaft axis; |

b. a lag screw for implantation into the neck and head of the fractured, proximal
femur, the lag screw including a proximal portion retainable in the lag screw hole and
extending along the first lag screw axis, and a distal portion for anchonng mto the head,

c. a first target j1g including:

i. a handle having an inferior end, a superior end and a lag target hole defimng
a lag target axis, wherein the intersection of a medial-lateral plane and an anterior-
posterior plane coincides with the lag target axis; and

ii. a nose component formed from a radio-opaque material and attached to the
superior end of the handle, the nose component including a pair of spaced-apart,
opposing arms forming an alignment sight and defining a U-shaped gap, wherein the
nose component is removably connectable to the proximal shaft portion of the tirst
intramedullary nail, such that the lag target axis is coaxial with the lag screw axis; and

d. a target wire for insertion through the lag target hole and into the femoral head
along the lag screw axis for guiding a cannulated drill, whereby the target wire 1s be
radioscopically viewed to extend centered between and parallel to the pair of spaced-apart,
opposing arms when the full width of the gap is radioscopically viewable;

such that when the first intramedullary nail is connected to the first target jig and
inserted into the intramedullary canal of the proximal femur and the target wire 1s at least
partially inserted through the lag target hole, the alignment sight and the target WII¢ are
radioscopically viewable along a first line of sight contained in the medial-lateral plane when
the image of the target wire is centered on the image of the alignment s1ght.

4. The hip fracture nail system of claim 3, wherein the handle is formed from a radio
translucent material and the pair of spaced-apart, opposing arms are formed from a radio
opaque material and are fastened to the inferior end of the handle positioned between the pair
of opposing arms, such that the medial-lateral plane bisccts the gap.

5. The hip fracture nail system-of claim 3, further including an extension assembly
removably attachable to the target jig, the extension assembty including:
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a. a tower having a pair of spaced-apart, parallel channels defining a pair of channel
axes offset from the lag target axis, such that when the tower 1s attached to the target jig, the °
pair of channel axes lie in the antertor-posterior plane;

b. a first alignment wire and a second alignment wire, each of which is sized for
guided passage through one of the channels;

such that when the intramedullary nail 1s connected to the target jig and mserted into
the intramedullary canal of the proximal femur, and the tower is attached to the target jig and
each of the first and second alignment wires is inserted into one of the channels, the image of
the first alignment wire obstructs the image of the second alignment wire when viewed in the
antertor-posterior plane on the radioscopic imaging device.

6. The hip fracture nail system-of claim 3, wherein the hip fracture nail system further
includes an anti-rotation screw and the intramedullary nail further includes an anti-rotation
screw bore defining an anti-rotation screw axis that is parallel to the lag screw axis, and the
target jig further includes an anti-rotation target hole defining an anti-rotation target axis,
such that when the intramedullary nail 1s attached to the target jig, the anti-rotation target axis
1s coaxial with the anti-rotation screw axis.

7. Use of an internal fixation prosthesis for implanting in a patient during a surgical
procedure for repairing a fractured bone, the prosthesis for removably connecting to a nose
component of an instrument system, the instrument system comprising:

a. a target wire;

b. a handle formed from a radio transhucent material having a target hole for
guided passage of the target wire along a target axis, whereby the target axis coincides
with the intersection of a first plane and a sccond plane orthogonal to the first plane;

c. the nose component attachcd to an end of the handle and removably
connectable to the implantable prosthesis, the nose component-formed from a radio-
opaque material and includes a pair of spaced-apart, opposing arms torming an
alignment sight and defining a U-shaped gap therebetwecen , whereby the target wire
is be radioscopically viewed to extend centered between and parallel to the pair of
spaced-apart, opposing arms when the full width of the gap is radioscopically
viewable;

whereby when the prosthesis is connected to the nosec component and the target wire
is positioned through the target hole along the target axis, the image of the target wire 1s
radioscopically viewed along a first line of sight contained in the first plane to bisect the
image of the alignment sight, thereby providing a first visual reference to the user for
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directing the target wire into the desired portion of the bone while holding the prosthesis in a
desired position relative to the bone; '

the prosthesis for initially positioning relative to the fractured bone;
the target wire for inserting into the target hole along the target axis;

the first visual reference for being obtained radioscopically;

the instrument system for manipulating until the target wire is directed into a desired
portion of the bone;

the target wire for inserting into a desired portion of the fractured bone;

the target axis for drilling a pilot hole along thereof into the bone with a cannulated

drill to a desired depth into the desired portion of the fractured bone, wherein the pilot hole 1s
sized for recetving a lag screw.

8. The use of claim 7, further comprising:

a. an extension assembly for removably attaching to the handle, the extension
assembly including:

i. a tower having a pair of spaced-apart, parallel channels dcfining a pair of
channel axes, such that when the tower is attached to the handle, both channei axes lie
in the second plane and are offset from the target axis;

ii. a first alignment wire and a second alignment wire, each of which i1s sized
for guided passage through one of the channels;

whereby when the tower is attached to the handle and each of the first and second
alignment wires is inserted into one of the channels, the image of the first alignment WIre
obstructs the image of the second alignment wire when radioscopically viewed along a
second line of sight contained in the second plane, thereby providing a sccond visual
reference to the user for directing the target wire into the desired portion of the bone;

b. the extension assembly for removably attaching to the handle; and

¢. the second visual reference for being obtained radioscopically.

9. Use of a hip fracture nail system for the internal fixation of a fracture, proximal temur
of a surgical patient and for repairing the fractured, proximal femur, the hip fracture nail
system comprising:
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a. an intramedullary nail for implantation into the intramedullary canal of the
proximal femur of the patient, the intramcdullary nail including a distal shaft portion defining
a distal shaft axis and a proximal shaft portion containing a lag screw hole defining a lag
screw axis that 1s transverse to the distal shaft axis;

b. a lag screw for implantation into the neck and head of the fractured, proximal
femur, the lag screw including a proximal portion retainable in the lag screw hole and
extending along the lag screw axis, and a distal portion for anchoring into the head;

c. a target j1g including:

i. 2 handle having an inferior end, a superior end and a lag target hole defining
a lag target axis, wherein the intersection of a medial- latcral plane and an antenor-
posteror plane coincides with the lag target axis; and

i1. a nose component formed from a radio-opaque material and attached to the
superior end of the handle, the nose component-includes a pair of spaced-apart,
opposing arms forming an alignment sight and defining a U-shaped gap therebetween,
wherein the nose component is removably connectable to the proximal shaft portion
of the intramedullary nail, such that the lag target axis is coaxial with the lag screw
axis; and

d. a target wire for insertion through the lag target hole and into the femoral head
along the lag screw axis for guiding a cannulated drill, whereby the target wire is
radioscopically viewed to extend centered between and parallel to the pair of spaced-apart
opposing arms when the full width of the gap is radioscopically viewable;

such that when the intramedullary nail is connected to the target jig and inserted into
the intramedullary canal of the proximal femur and the target wire 1s at least partially inserted
through the lag target hole, a first visual reference is observable in which the alignment sight
and the target wire are radioscopically viewable along a first line of sight contained in the
medial-lateral plane when the image of the target wirc is centered on the image of the

alignment sight;
the nail for removably connecting to the nose component of the target jig;

the nail for initially positioning inside the intramedullary canal of the
proximal, fractured femur;

the target wire for inserting into the lag target hole along the lag target axis;
the first visual reference tor being radioscoptically observed,

the instrument for manipulating until the target wire is directed into a desired
portion of the bone;

the target wire for inserting into the desired portion of the fractured bong;
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the target axis for drilling a bore theralong into the bone to a desired depth
with a cannulated drill while the target wire is inserted into the desired portion of the
fractured bone.

10.  The use of claim 9, further compnsing;:

a. an extension assembly for removably attaching to the target jig, the extension
assembly comprising: |

i. a tower having a pair of spaced-apart, parallel channels defining a patr of
channel axes, such that when the tower is attached to the target jig, the pair of channel axes
lie in the anterior-posterior plane;

ii. a first alignment wire and a second alignment wire, each of which is sized
for guided passage through one of the channels;

such that when the intramedullary nail is connected to the target jig and inserted into
the intramedullary canal of the proximal femur, and the tower is attached to the target jig and
each of the first and second alignment wires is inserted into one of the channels, a second
visual reference is observable in which the image of the first alignment wire obstructs the
image of the second alignment wire when viewed in the anterior-posterior plane on the
radioscopic tmaging device.

11. A target jig instrument for use with an implantable prosthesis, the target jig mmstrument
comprising;:

2. a handle formed from a radio translucent material and having a target hole for
guiding a bone dnll, the target hole defining a target axis; and

b) a nose component attached to the handle and removably conncctable to the
prosthesis, the nose component including an alignment sight formed from a radio-opaque
material and including a pair of spaced-apart, opposing arms defining a U- shaped gap
therebetween;
whereby a first plane containing the target axis bisects the U-shaped gap, such that a

radioscopic image of the alignment sight showing the entire width of the U-shaped gap

1s a first visual reference to the user as to the direction of the target axis.
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