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bone, a crimp lug for securing the cable in tension relative to
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plate relative to the bone. In addition, the system includes a
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JIG WITH GUIDE ADAPTED TO LOCK
RELATIVE TO BOTH OF THREADED HOLES
AND NON-THREADED SLOTS IN A BONE
PLATE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to surgery. More par-
ticularly, the present invention relates to plating systems and
tools, and specifically plating systems and tools for treatment
of periarticular fractures.

[0003] 2. State of the Art

[0004] Fractures around implants pose unique fixation
challenges. The original placement of the implant may pre-
dispose the bone to later fracture, as the long-term presence of
the implant may change the structure of the surrounding bone
and increase susceptibility to fracture. In addition, the
implant itself may interfere with healing or the placement of
other fixation devices.

[0005] This is particularly a problem around the femur
where a femoral component of a hip replacement prosthesis
may be implanted. Further, as the population ages and the
indications for joint replacement increase, the number of
implants in the femur is increasing. With increased hip joint
replacement, the number of fractures associated therewith has
also increased. Once a fracture occurs, treatment is compli-
cated by osteoporosis, defects in the bone, and the presence of
the implant. In particular, stems, rods, screws, and methyl-
methacrylate may block the medullary canal, preventing
intramedullary fixation of fractures. Stems and rods also
block screw fixation through the medullary canal to hold
fracture stabilization plates on bone. The techniques for treat-
ing periprosthetic fractures are generally more difficult, with
limited options.

[0006] Nevertheless, essentially all periprosthetic fractures
require some treatment. Stable nondisplaced fractures may
only require protected weight-bearing or cast/brace immobi-
lization. However, most unstable periprosthetic implant frac-
tures require surgical stabilization and/or implant replace-
ment to restore function.

[0007] Surgical stabilization includes plating to secure the
adjacent sections of the fractured bone to facilitate healing,
which may occur with or without implant replacement.
[0008] It mustbe appreciated that standard plating includes
attaching a stabilization plate to the bone with screws. Given
the inability to pass a screw bicortically through the bone and
the overall poor quality of the bone, alternative means of
fixation are used to couple the plate to the bone. Most typi-
cally, such fixation includes unicortical screws that are
inserted into the bone in a spatial distribution that does not
interfere with the implant and cerclage cables that are
wrapped under tension around the bone. The ends of the cable
are crimped together with a crimp to maintain tension on the
cable at a specific force. However, current tools for working
with securing the cable make application of the system diffi-
cult. In particular, existing cable tensioners require a tempo-
rary tension holder as well as a separate cable tensioner, and
both instruments must be operated together and used to ten-
sion the cable. In addition, after tension is applied and fixed to
the cable, even a small amount of movement between the
cable, the plate and the anatomy can cause significant reduc-
tion in tension on the cable and release of compression
between the plate and the bone.
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SUMMARY OF THE INVENTION

[0009] In accord with the invention, a system is provided
for facilitating stabilization of periarticular fractures. The
system includes a compression plate and a cerclage cable for
encircling the bone and securing the compression plate to the
bone. The cable has a ball or other structure functioning as a
stop at one end, and a free end.

[0010] More particularly, the compression plate includes a
plurality of screw holes preferably including at least one
threaded screw hole extending between an upper surface of
the plate and an opposing bone contacting lower surface of
the plate, and at least one compression slot also extending
between the upper and lower surfaces of the plate.

[0011] Inone embodiment, the compression plate includes
screw-receiving tabs that are configurable by the surgeon at
the time of implantation. The tabs may be integrated with the
plate. Additionally or alternatively, in accord with another
preferred aspect of the invention, the system may also include
one or more supplemental plates usable over the compression
plate. The supplemental plates are short bent plates having a
bridge portion with a screw hole, and which can be positioned
in a transverse (lateral) configuration over the compression
plate and secured thereto by insertion of a set screw through
the hole in the supplemental plate and into threaded engage-
ment with the compression plate therebelow. The supplemen-
tal plate has a plurality of screw-receiving tabs that are con-
figurable by the surgeon at the time of implantation. In
addition, the compression plate may be provided with a lon-
gitudinally displaced recesses on opposing lateral side of
plate located in alignment with the threaded screw holes.
When a supplemental plate is attached to the compression
plate, portions of the supplemental plate fit into the recesses
on the lateral sides of the plate to lock the orientation of the
supplemental plate to the compression plate; i.e., prevent
rotation of the supplemental plate relative to the compression
plate.

[0012] Inaccord with another aspect of a compression plate
according to the system, the compression plate includes an
integrated cable securing structure. In an embodiment, the
cable securing structure includes two cable passages extend-
ing in a widthwise direction through the plate. The first pas-
sage includes an opening of a sufficiently large diameter to
permit a portion of the cable to pass therethrough. The second
passage includes an opening of a sufficiently large diameter to
permit a portion of the cable to pass therethrough but suffi-
ciently small diameter to retain a ball end of the cable. In use,
the cable is first fed through the second opening until the ball
end of the cable is retained at the opening thereof, the cable is
wrapped about the bone, the cable is inserted into the first
passage and drawn into tension to cause the desired compres-
sion of the plate against the bone, and then a crimp is applied
to the end of the cable extending through the first passage to
retain the cable in tension relative to the plate. In accord with
one aspect of the invention, the second passage is defined
within a cantilevered resilient beam (deflection beam) that
adds elasticity to the tensioned cable. The deflection beam is
preferably paired with indicia on the plate such that the beam
and indicia together indicate at least a relative amount of
tension applied to the cable. The beam and indicia are pref-
erably visible under fluoroscopy facilitating ascertainment of
the cable tension both during and after the surgical procedure.
[0013] Inanotherembodiment,the cable securing structure
includes first and second passages extending widthwise
through the plate and an integrated resilient clamp which can
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be clamped toward a closed position with a set screw adjacent
the second passage to reduce the diameter of the second
passage. The integrated resilient clamp preferably comprises
a deflectable member unitary with the plate and which when
clamped closed with the set screw to secure the cable prefer-
ably is not caused to exceed the elastic limits of the plate
material and does not undergo plastic deformation. In use, the
cable is first fed through the first passage until the ball end
stops its progress, the cable is wrapped about the bone, the
cable is inserted into the second passage and drawn into
tension to cause the desired compression of the plate against
the bone, and then the set screw is rotated to clampingly
secure the cable relative to the plate.

[0014] In accord with another aspect of the invention, the
system may include discrete crimp lugs formed separate from
the plate and provided for guiding a cable, and securing the
ends ofthe cable relative to each other in tension. Each crimp
Iug includes a head with two eyelets extending through a wall
thickness of the lug, and a plate retaining feature that permits
the positioning of the crimp lug within a screw hole of the
compression plate. The retaining feature preferably permits a
crimp lug to be retained through frictional interference,
threading, or other mechanical interference with the plate at
the screw hole. The retaining feature may be resiliently
deformable for insertion into a screw hole. Before the ends of
the cable are secured, a discrete crimp lug is self-engaged
within a screw hole, and maintains such engagement regard-
less ofthe orientation of the plate and while the surgeon works
to feed the cable through the eyelets. Once cable is advanced
through the eyelets, the head of the crimp is plastically
deformed to retain the cable in tension about the bone and
plate.

[0015] In accord with yet another aspect of the invention,
the system may include discrete crimp lugs formed separate
from the plate and provided with retaining structure for
attachment of the lug directly to the bone independent of a
plate. Each such crimp lug includes a head with two eyelets
extending through a wall thickness of the lug. The retaining
structure is preferably a threaded shaft or a sharpened post,
such as a tack end or nail end, each permitting the lug to be
driven into the bone for temporary or permanent fixation. The
Iug can then be used in a standard manner, permitting cable
ends to be advanced through the respective eyelets, drawn
into tension about a plate and bone, and then retained in
tension by plastic deformation of the head of the lug.

[0016] In addition, the system includes an instrument for
tensioning a cable advanced through the eyelets of an inte-
grated cable securing structure, a separate cable crimp lug, or
used in association with any other structure for stabilization
of a periarticular or other fracture. The cable tensioner is a
single instrument having a proximal gear box and a distal
tube. In a preferred embodiment the gear box includes a worm
screw having a torque driver socket, the worm screw in gear-
engagement to a drive gear, a cable pulley rotationally fixed to
the drive gear, and a collet and a locking knob in rotational
alignment and fixation relative to the pulley, such components
together housed in or on a housing. The pulley has a plurality
of grooves in the circumferential track of the pulley. The tube
has a distal end pre-formed with a gentle curve and a proximal
end secured at the housing.

[0017] In operation of the cable tensioner, no assembly of
the cable tensioner is required nor is it required to be used
with any other instrument component. The cable free end is
passed through a first passage in the plate or eyelet of the
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crimp lug, positioned around the bone and then passed though
the second passage or eyelet in the plate or crimp lug. The free
end is then inserted into the curved distal end of the tension
tube of the cable tensioner and advanced towards/through the
cable tensioner housing. The free end of the cable is pulled
and the cable tensioner is advanced towards the plate or crimp
lug until the tensioner tube contacts the plate or crimp lug.
The free end of the cable is then advanced around a portion of
the pulley, through one of the grooves in the pulley, and then
into the respective central holes of the pulley, the collet and
the locking knob. The cable is manually pulled taught until
there is no cable slack between the tube and the pulley. Then
the locking knob is rotated until the cable is retained relative
to the proximal housing of the tensioner. A driver is inserted
into the worm screw end and engaged with a driver socket,
and as the driver is rotated in a first direction the worm gear
rotates to “spool” the cable onto the pulley. The portion of the
cable extending around the bone decreases and compresses
the plate onto the bone. Also, if the driver is rotated in an
opposite second direction, the length of cable extending about
the bone is increased, the tension on the cable is decreased,
and the applied compression between the plate and bone is
decreased. Once the cable tensioner is operated to apply the
desired tension to the cable, the cable can be appropriately
secured relative to the plate, lug, or other structure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a perspective view of a short grip-type
compression plate applied at the trochanter of the femur.
[0019] FIG. 2 is a side view of the grip-type compression
plate of FIG. 1 applied at the trochanter of the femur.

[0020] FIG. 3 is a front view of another grip-type compres-
sion plate located on a femur.

[0021] FIG. 4 is a perspective view of yet another grip-type
compression plate in association with supplemental plates.
[0022] FIG.5isanenlarged perspective view of a portion of
the shaft of the compression plate of FIG. 4, illustrating a
supplemental plate and an integrated cable retaining struc-
ture.

[0023] FIG. 6 is a perspective view of a further grip-type
compression plate in association with two different types of
supplemental plates.

[0024] FIG. 7 is a view similar to FIG. 6, illustrating a
cerclage cable within the integrated cable retaining structure
and with the supplemental plate removed.

[0025] FIG. 8 is a side elevation view with a partial section
of the plate with cable of FIG. 7.

[0026] FIG. 9is a perspective view of a compression plate
with another integrated cable retaining structure and cable
retained therein.

[0027] FIG. 10 is a perspective section view of a compres-
sion plate with yet another integrated cable retaining struc-
ture.

[0028] FIG. 11 is a perspective view of a compression plate
with even yet another integrated cable retaining structure.
[0029] FIG. 12 is an enlarged partial section perspective
view of a portion of FIG. 11.

[0030] FIG. 13 is a perspective view of another compres-
sion plate shown relative to a distal femur, and provided with
a crimp lug.

[0031] FIG. 14 is a perspective view of one embodiment of
a crimp lug.
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[0032] FIG. 15 is a perspective view of the crimp lug of
FIG. 14 inserted into a screw hole in the compression plate of
FIG. 13.

[0033] FIG. 16 is a transverse section view through line
16-16 in FIG. 15.

[0034] FIG.17 illustrates the crimp lug securing a cerclage
cable.
[0035] FIG. 18 is a perspective view of a first embodiment

of a crimp lug for implantation in bone.

[0036] FIG. 19 is a perspective view of a second embodi-
ment of a crimp lug for implantation in bone.

[0037] FIGS. 20 and 21 are proximal end perspective view
of a cable tensioner.

[0038] FIG.22is anassembly view of the cable tensioner of
FIGS. 20 and 21.

[0039] FIG. 23 is a perspective view of a wound cerclage
cable provided with a spring according to an embodiment of
the invention.

[0040] FIG. 24 is a perspective view illustrating the cer-
clage cable of FIG. 23 relative to an integrated cable retaining
structure of a plate.

[0041] FIG. 25 is a view similar to FIG. 24 shown with a
cross-section through second cable passage of the plate.
[0042] FIG. 26 is a side elevation view with a partial cross-
section through the plate of FIGS. 24 and 25.

[0043] FIG. 27 is an assembly view of a tool for manipu-
lating crimp lugs.

[0044] FIG. 28 is a perspective view of the tool of FIG. 27
provided with a crimp lug.

[0045] FIG. 29 is a perspective view of a cable tensioner
shown applying a cerclage cable about a bone and plate.

[0046] FIG. 29A is a perspective view of a cable tensioner
shown applying multiple cerclage cables about a bone and
plate.

[0047] FIG. 30 is a broken enlarged portion of a tension

gauge and cam lock of the cable tensioner of FIG. 29.
[0048] FIG. 30A is a longitudinal section view of the ten-
sion gauge and cam lock of the cable tensioner of FIG. 29.
[0049] FIG.31isatop view of adistal femoral plate accord-
ing to the invention.

[0050] FIG. 32 is a bottom perspective view of the distal
femoral plate of FIG. 31.

[0051] FIGS. 33 through 36 are schematic section views of
aplate and bone screw illustrating the operation of a dynamic
compression hole according to the invention.

[0052] FIG. 37 is a schematic perspective view of a first
position of a bone screw relative to a dynamic compression
hole of a bone plate according to the invention.

[0053] FIG. 38 is a schematic perspective view of a second
position of a bone screw relative to a dynamic compression
hole of a bone plate according to the invention.

[0054] FIG. 39 is a top perspective view of another distal
femoral plate illustrating an alternate arrangement of
dynamic compression holes in the plate.

[0055] FIG. 40 is a perspective view of a screw implanta-
tion jig assembled to the plate of FIG. 39.

[0056] FIG. 41 is a perspective view of the screw implan-
tation jig assembled to the plate and with tissue penetration
and drill guide tools coupled to the jig and plate.

[0057] FIG. 42 is a perspective view of a distal end of the
locking guide for locking the jig relative to the bone plate.
[0058] FIG. 43 is a perspective of an outer sleeve for use
with the jig of FIG. 40.

Aug. 28,2014

[0059] FIG. 44 is a side elevation of a drill guide for use
with the jig of FIG. 40.

[0060] FIG. 45 is a longitudinal section view of the drill
guide of FIG. 44.

[0061] FIG. 46 is a perspective view of a distal end of the
drill guide of FIG. 44.

[0062] FIG. 47 is a distal end view of the distal end of the
drill guide of FIG. 44.

[0063] FIG. 48 is a broken section view of the outer sleeve
positioned adjacent the upper surface of'the plate, and the drill
guide in a first rotational orientation extended through a
dynamic compression hole.

[0064] FIG. 49 is a broken section view of the outer sleeve
positioned adjacent the upper surface of'the plate, and the drill
guide in a second rotational orientation locked relative to the
plate at the dynamic compression hole.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0065] With reference to the human body and components
of the system described herein which are intended to be
implanted in the human body, the terms “proximal” and “dis-
tal” are defined in reference to the location at which a limb is
connected to the torso, with the term “proximal” being the
end of the limb, bone, or plate closer to the torso, and the term
“distal” being the end of the limb, bone, or plate further from
the torso. In addition, the term “lower” and “upper” in refer-
ence to plate surfaces are designations in which the lower
surface is that surface closer to or seating on the bone, and the
upper surface is that surface opposite the lower surface. Fur-
ther, with respect to a plate, the terms “length”, “width” and
“thickness™ are relatively transverse dimensions with the
length being the dimension along the longitudinal axis of a
plate, the width is a laterally transverse dimension to the
length, and the thickness is a dimension extending between
the upper and lower surface.

[0066] With reference to instruments of the system that are
hand-held by a user, the terms “proximal” and “distal” are
defined in reference to the user’s hand, with the term “proxi-
mal” being closer to the user’s hand, and the term “distal”
being further from the user’s hand.

[0067] In accord with the invention, a system is provided
for facilitating stabilization of a periarticular fracture. The
system includes a compression plate and one or more of the
following: a cerclage cable for encircling the bone and secur-
ing the compression plate to the bone, a bicortical bone screw
for extension from one side of the bone, through the medul-
lary canal, and into the other side of the bone, and a unicor-
tical bone screw for extension at least partly into the bone.
[0068] Referring to FIGS. 1 and 2, one compression plate
according to the system of the invention is a short grip plate
10. The short grip plate 10 is designed for placement over and
reattachment of the greater trochanter 12 of the proximal
femur 14 after the greater trochanter is removed in an
osteotomy procedure. To secure the re-positioned greater tro-
chanter to the remainder of the femur for proper healing, the
proximal end of the grip plate includes hooks 16 that can be
positioned around the greater trochanter and embedded into
the femur bone using an impactor instrument (not shown). At
a portion of the plate for placement at the inferior portion 18
of'the greater trochanter (i.e., at or proximate the intersection
with the diaphysis 20 of the femur) the plate preferably
includes one or more spikes 22 at its lower surface 24 that can
also be embedded in the bone to aid in at least temporary
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fixation of the plate on the femur, e.g., while the plate is more
permanently secured to the bone with cerclage cables 26
and/or screws 36. The cables 26 are preferably non-elastic
metal cables, constructed from, e.g., titanium, stainless steel
or cobalt chrome, and encircle a portion of the bone 14, and
placed under tension to apply a stabilizing compressive force
between the plate and bone. The spikes 22 also provide rota-
tional stability of the plate 10 on the bone even after the plate
is secured by the cables 26. In fact, the tension on the cables
26 around the plate 10 and bone forcibly embeds the spikes 22
further into the bone for increased stability.

[0069] The short grip plate 10 includes a portion between
the hooks 16 and spikes 22 in which the lower surface is
concave in the longitudinal direction such that the plate
accommodates the convex anatomy of the greater trochanter
12. In a shorter plate, as shown, such concave curvature may
occur over substantially the entire length of the plate. In a
longer grip plate, such as plate 10' shown in FIG. 3 and
described below, such concave lower surface curvature is
generally provided only along the proximal portion of the
plate, with the remainder of the plate substantially straighter
to conform to the diaphyseal portion of the femur.

[0070] In accord with one aspect of the invention, the grip
plate 10 includes at least one pair of screw tabs 28 extending
transversely from the opposing (lateral) sides of the plate. The
screw tabs 28 each include a ring 30 defining a threaded screw
hole 32 attached to the plate by a bendable bridge 34. The
threaded screw hole is for receiving and engaging the
threaded head of bone fastener 36. The tabs 28 can be bent
about the bridges 34 and thereby manipulated in orientation
either before or after the plate is positioned on the bone by
using drill guides installed in threaded screw holes of the
rings, as described in detail in U.S. Pat. Nos. 7,935,126 and
8,192,472, and US Pub. No. 20100069966A1, each of which
are hereby incorporated by reference herein in their entireties.
This allows the axial orientation of the screw hole to be
customized for the particular fixation and particularly based
on the location of the osteotomy, the medullary canal content,
or other considerations.

[0071] The grip plate 10 can be provided in several sizes
and lengths. As discussed, FIGS. 1 and 2 illustrate a short grip
plate used locally about the greater trochanter. For trochanters
of different sizes, plates can be provided in having a range of
dimensions between the proximal hooks. Referring to FIG. 3,
a longer grip plate 10' is shown which includes a proximal
head 40" for placement at the trochanter 12 and a distal shaft
42' adapted for extension along the diaphysis 20 of the femur.
The plate shaft 42' includes a plurality of pairs of aligned
screw tabs 28' extending transversely from opposing sides of
the plate which function in a similar manner to screw tabs 28.
That is, each screw tab 28' has a threaded hole for receiving
and engaging the threaded head of bone fastener. In addition,
the screw tabs 28' are preferably reconfigurable with the use
of drill guides as discussed above. It is within the scope of the
invention to provide a plate that includes screw tabs both
along the head and shaft of the bone plate, thus combining
features of plates 10 and 10'".

[0072] Turning now to FIG. 4, another embodiment of a
grip plate 110, generally similar to plates 10, 10', is shown.
Grip plate 110 is a long plate having tabs 128 at its head
portion 140 for engagement with the trochanter 12 and an
elongate shaft 142 for extension along the diaphysis 20 of the
femur 14. The grip plate 110 includes a longitudinal axis A,
upper and lower surfaces 172,124, and opposing longitudinal
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sides 125a, 1256 extending between the upper and lower
surfaces. The grip plate includes a plurality of longitudinally
spaced apart threaded screw holes 148 along its shaft 142. In
accord with another aspect of the invention, the grip plate 110
includes one or more supplemental plates 150 positioned over
and couplable to the grip plate 110 at the threaded screw
holes. Each supplemental plate 150 is a short bent ‘bridge’
plate having an upper portion 152 and first and second lower
portions 143 each with screw receiving tabs 158. The bridge
plate 150 can be positioned in a transverse (lateral) configu-
ration over the compression plate 110, and the upper portion
152 is provided with a screw hole 154 at which it can be
secured to the compression plate by insertion of a set screw
156 through hole 154 and into the threaded hole 148 of the
compression plate 110 therebelow. The threaded hole 148 is
preferably tapered. The set screw 156 preferably has a tapered
collet-like split shaft, such that when the set screw 156 is
advanced into the screw hole 148, it can collapse in a radial
direction to facilitate locking relative to compression plate
110. The screw-receiving tabs 158 at the lower portions
include preferably threaded holes for receiving a bone screw
with a threaded head or a non-threaded head, and are bend-
able about a reduced width span 159 such that the axial
orientation of the threaded holes can be reconfigured by the
surgeon at the time of implantation, e.g., with the drill guides
referenced above. As shown in FIG. 6, supplemental plates
may be provided with larger tabs 158 for receiving larger
headed screws, such as provided with bicortical screws 160
that can extend across the cortex of the diaphysis, or smaller
tabs 158' for receiving the smaller headed screws, such as
unicortical screws 160", or a combination of supplemental
plates to accommodate both types and various sizes of screws.
Supplemental plates with such different tab sizes can be
coupled at different threaded holes of the compression plate.
As seen best in FIGS. 4 and 5, the plate 110 is preferably
provided with a peripheral lip 162 extending along the oppos-
ing sides 125a, 1255 adjacent the lower surface 124 of the
plate, with such lip provided with interruptions 164 located in
alignment with threaded screw holes 148 that define recesses
165 along the sides of the plates. The interruptions 164 have
a length corresponding to the widthwise dimension of the
supplemental plate across the lower portions 143. When a
supplemental plate 150 is attached to the compression plate,
the lower portions 143 of the supplemental plate 150 fit
between the interruptions 164 such that the lip 162 surrounds
the supplemental plate at proximal and distal sides thereof to
further lock the rotational orientation of the supplemental
plate 150 relative to the grip plate 110. Even without a lower
lip, such lateral locking recesses 165 can be defined in the
sides of the plate, as shown in FIG. 7.

[0073] Turning now to FIGS. 5, 7 and 8, the compression
plate 110 includes an integrated cerclage cable securing
structure. The cerclage cable 26 has a ball 26a or other struc-
ture functioning as a stop at one end, and an opposite free end
26b. The plate 110 has two transverse cable passages 166, 168
extending through the width of the plate. The first transverse
passage 166 allows passage of the free end but restricts pas-
sage of the stop end 26a of the cable 26. The second trans-
verse passage 168 also allows passage of the free end 265 of
the cable therethrough. A slot 170 is provided within the plate
110 extending through the second passage 168 and into the
first passage 166. The slot 170 also opens up to the upper
surface 172 of the plate at 170a. As such, the slot 170 defines
a gap between the upper plate surface 172 and the portion of



US 2014/0243837 Al

the plate beneath the slot 170. The slot 170 may be formed,
e.g., via laser or electric discharge machining (EDM). The
plate at the end of the slot opposite open end 170q, i.e., over
the first passage 166, defines a dynamic hinge 171 at one end
of'the gap. A set screw hole 174 is defined through the upper
plate surface, 172, the slot 170, and the portion of the plate
beneath the slot 170, at a location between where the slot
opens at 170a to the upper surface 172 and the second passage
168; i.e., it is longitudinally offset from the second passage
168. The portion of the set screw hole 174 beneath the slot 170
is threaded. A set screw 176 is partially threaded into the set
screw hole 174. A dynamically hinged clamp 178 is thus
formed. As the set screw 176 is rotated, the diameter of the
second passage 168 is modified in dimension, with seating the
set screw 176 causing the clamp 178 to decrease the gap and
close down on the second passage 168. While the hinge clamp
178 preferably is deformable about a dynamic hinge defined
at the first transverse passage 166, in an alternate construc-
tion, the hinge may be defined via a different through passage.
By way of example, a hinge through passage may be longi-
tudinally displaced between the first and second passages
166, 168.

[0074] In use, the cable 26 is first fed through the first
passage 166 until the ball end 264 of the cable is retained at
the opening 1664 thereof. The opening 166a of the first pas-
sage 166 may include a countersink to at least partially recess
the ball end 26a. The free end 265 of the cable is then circled
about the bone 14, and inserted into and through the second
passage 168. The cable 26 is drawn into tension, preferably
using the instrument 710 described below (FIGS. 20-22),
such that the desired compression of the plate 110 against the
bone 14 is provided, and then the partially seated set screw
176 is fully driven down against the hinge clamp 178 to cause
the hinge clamp to impinge on the cable 26 and secure the
cable at the desired tension.

[0075] Turning now to FIG. 9, a compression plate 210 is
shown with another integrated cerclage cable securing struc-
ture. The plate 210 has two transverse cable passages 266,
268 extending through the width of the plate 210. The first
transverse passage 266 allows passage of the free end 265 but
restricts passage of the stop end 26a of the cable 26. The
second transverse passage 268 also allows passage of the free
end 2654 therethrough. A slot 270 is provided within the plate
extending through the second passage 268 but preferably
terminating short of the first passage 266. At a first end of the
slot 270, the slot extends up to the upper surface 272 of the
plate. The plate material is reduced at the upper surface over
the second end of the slot 270 to define a dynamic hinge that
is elastically deformable; i.e., to result in a hinge clamp 278.
According to one such structure, a transverse groove 280 is
formed in the upper surface of the plate, thus defining a
dynamic hinge for a hinge clamp. Alternatively, as shown in
FIG. 10, the material thickness may be reduced below the
plate surface, e.g., with an enlarged transverse hole 280", to
define the elastically deformable hinge clamp 278'. Referring
to both FIGS. 9 and 10, between the first and second ends of
the hinged clamp 278, 278", a set screw hole 274, 274' is
defined within the hinge clamp and plate portion therebe-
neath, with the portion therebeneath being threaded. A set
screw 276 is partially threaded in the set screw hole. As the set
screw 276 is advanced, the hinge clamp 278, 278 impinges on
the space of the second passage 268, 268'.

[0076] Referring generally to FIG. 9, in use, the cable 26 is
first fed through the first passage 266 until the ball end 264 of

Aug. 28,2014

the cable is retained at the opening thereof. The free end 265
of the cable is then circled about the bone (not shown), and
inserted into and through the second passage 268. The cable
26 is drawn into tension, preferably using the instrument 710
described below (FIGS. 20-22), such that a desired compres-
sive force between the plate and bone is obtained, and then the
partially seated set screw 276 is fully driven down to cause the
hinge clamp 278 to reduce the transverse dimension of the
second passage and thereby impinge on the portion of the
cable 26 within the second passage 268 such that the cable is
secured at the desired tension. The flexing limits of the hinge
portion of the hinged clamp (i.e., that portion under the trans-
verse groove 280 (FIG. 9) or above the enlarged transverse
hole 280" (FIG. 10)) remains within the elastic limits of the
plate material and does not undergo plastic deformation when
the set screw 276 is fully driven down to secure the cable.

[0077] Turning now to FIGS. 23 through 26, a compression
plate 810, substantially similar to plate 210 (with like refer-
ence incremented by 600 corresponding to similar structure),
is shown with the same or substantially similar integrated
cerclage cable securing structure as shown with respect to the
plate 210. The plate 810 defines first and second transverse
cable passages 866, 868 extending through the width of the
plate. The first transverse passage 866 extends under the
hinge clamp 878 as described above. The second passage 868
is a stepped diameter bore extending through the plate at a
longitudinally displaced location from the hinge clamp 878.
The cerclage cable 826 includes a ball end 8264, and a com-
pression coil spring 879 is provided about the end of the cable
and in abutting contact with the ball end 826a. Alternatively,
the spring may be different type of spring, such as a leaf
spring or a Belleville washer, and additionally the spring may
beinstalled in the second passage before the insertion of cable
826 therethrough. When the cable 826 is advanced through
the second passage 868, the ball end 8264 and spring 879 are
retained in a larger diameter portion 868a of the passage 868,
and the cable 826 continues through a smaller diameter por-
tion 8685 of'the plate. The cable is then circled about the bone
(not shown), and inserted into and through the second passage
866 and drawn into tension, resulting in compression of the
spring 879, preferably using the instrument 710, 710'
described below (FIGS. 20-22, 29-30), preferably until a
desired compressive force between the plate and bone with
spring compression is obtained. That is, the spring 879 is
adapted to compress in proportion to the tension applied to the
cable 826. Then, a crimp 886 is applied to the free end 8265
of'the cable adjacent the side of plate 810 to secure the tension
onthe cable. Alternatively or additionally, the free end may be
secured with a dynamic hinge clamp integrated with the plate
as described above and as shown in FIGS. 5 through 10. Once
the tension is secured, the remaining cable beyond the plate
and/or crimp 886 may be cut free. The spring 879 on the cable
provides a degree of elasticity to the fixation that is not oth-
erwise present in the assembly of the plate to the bone. Thus,
in the event of micromotion, minor movement, or even slip-
page of the cable 826 on the bone or relative to the plate, the
construct will continue to maintain tension to support the
bone throughout the healing process.

[0078] Turning now to FIGS. 11 and 12, a compression
plate 310, substantially similar to plate 210, is shown with
another integrated cerclage cable securing structure. The
plate includes a lower surface 324, an upper surface 372, sides
325a, 3255 extending between the upper and lower surfaces,
a length along said sides defining longitudinal axis A,, a
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height extending between the upper and lower surface, and a
width transverse to the length and the height. The plate 310
defines first and second transverse cable passages 366, 368
extending through the width of the plate. The first transverse
passage 366 includes outer portions 366a, 3665 that allow
passage of both the free and stop ends of the cable, and an
interposing centrally displaced cantilevered deflection beam
382 (preferably extending along the longitudinal axis A,) that
restricts passage of the stop end 264 of the cable. The deflec-
tion beam 382 is adapted to deflect in proportion to the tension
applied to the cable 26. In addition, the deflection beam 382 is
preferably paired with indicia 384 on the beam and/or the
plate such that the beam 382 and indicia 384 together indicate
at least a relative amount of tension applied to the cable 26 as
the beam 382 is displaced or flexed through applied tension.
The beam 382 and indicia 384 are preferably visible under
fluoroscopy so that the relative cable tension can be ascer-
tained during the surgical procedure, and even after the sur-
gical wound has been closed and at any time post-operatively.
[0079] In use, the cable 26 is advanced through the first
passage 366 until the stop 26a engages the deflection beam
382. The free end 265 of the cable is then circled about the
bone (not shown), and inserted into and through the second
passage 368. The cable is drawn into tension, preferably using
the instrument 710 described below (FIGS. 20-22), until a
desired compressive force between the plate and bone is
obtained. Then, a crimp 386 is applied to the free end 265 of
the cable adjacent the side of plate 310 to secure the tension
on the cable. Alternatively, the plate may additionally be
provided with an integrated hinged clamp, as described
above, or other integrated securing element for securing the
free end of the cable, such that, e.g., a set screw can be
advanced to impinge on the cable and secure the cable at the
desired tension. Once the tension is secured, the remaining
cable beyond the crimp 386 may be cut free.

[0080] With the integrated deflection beam 382, the sur-
geon is able to visually determined the tension force on the
cable by inspecting the amount of deflection imparted to the
beam 382, and can adjust the tension accordingly. This is, of
course, enabled without increasing the height profile of the
plate 310 (between lower and lower surfaces 324, 372) or
cable 26. In addition, the cable 26 is provided with a degree of
elasticity that it is not inherently part ofits construction. Thus,
in the event of micromotion or minor slippage of the cable 26
on the bone or relative to the plate, the construct will continue
to maintain tension to support the bone throughout the heal-
ing process.

[0081] Referring now to FIGS. 13 through 17, in accord
with another aspect of the invention, the system includes
discrete crimp lugs 510 for use with a compression plate 410.
The plate 410 shown is a midshaft plate, but the following is
applicable to any plate suitable for use in periprosthetic frac-
ture fixation. The crimp lugs 510 are provided for guiding and
securing the ends of a cable relative to each other in tension
about the plate 410 and bone 14. The plate 410 preferably
includes a plurality of a longitudinally displaced threaded
holes 412 and one or more longitudinal compression screw
slots 414. In alignment with each of the threaded holes and
slots 412, 414 are transverse grooves 416 adapted in size
(depth and diameter) for stabilized guidance of a cable in a
direction transverse to a longitudinal axis A; of the plate 410
and bone 14.

[0082] Each crimp lug 510 includes a head 512 and a retain-
ing feature 514 that permits the positioning of the crimp lug
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within a screw hole 412, 414 of the plate. Most preferably, the
crimp lugs are attached relative to the threaded screw holes
412 and thus the retaining feature is adapted for engagement
therein; however, the crimp lugs can be adapted for attach-
ment at non-threaded round screw holes or non-circular screw
slots.

[0083] The head 512 includes two eyelets 516 extending
through a wall thickness of the lug, wherein the wall thickness
extends in a dimension parallel to the transverse grooves 416
when a lug 510 is attached to the plate 410. The eyelets 516
are preferably sized to retain a stop 26a at the end of the cable
26 but to permit feeding the free end 265 of the cable there-
through. While the crimp lug 510 is preferably made as a
unitary piece from a single material, it can be a composite
structure. At least the head 512 is made from titanium or
cobalt chrome or another material that can be collapsed on a
cable 26 within the eyelets 516 with sufficient force to prevent
cable pullout therefrom.

[0084] Referring to FIGS. 14 through 16, in one embodi-
ment, the retaining feature 514 includes a pair of legs 518,
each having a reduced upper thickness portion 520 about
which they can resiliently articulate, resiliently bend, or oth-
erwise resiliently deform. The lower end of each of the legs
includes an outwardly extending foot portion 522 that is
adapted to capture the plate at underside of a screw hole.
Other possible retaining features for the at least temporary
coupling the crimp lugs to the plate include: corresponding
shapes between the retaining structure and the holes, corre-
sponding dimensions adapted for frictional interference with
the threaded or slot holes, non-resilient, plastically deform-
able structure insertable into the holes, external threads for
threading with the threaded holes, or other structure permit-
ting mechanical interference between the lug and the plate at
the screw hole.

[0085] Inuse, anindependent and discrete crimp lug 510 is
positioned within a screw hole 414. In view of the mechanical
interference between the crimp lug 510 and plate 410, the
crimp lug 510 is coupled to the plate 410 as the surgeon
handles the plate, regardless of the orientation of the plate,
and further while the surgeon subsequently feeds cable 26
through the eyelets 516 of the crimp lug 510. The cable 26 is
placed under tension and the lug is then plastically deformed
about the cable (as shown in FIG. 17) to retain the tension,
e.g., with a pliers. Then the remaining cable is cut and
removed.

[0086] There may be instances in which it is desirable to
guide and secure a cerclage cable about a bone independent of
abone plate. Turning now to FIGS. 18 and 19, in accord with
yet another aspect of the invention, the system includes inde-
pendent and discrete crimp lugs 610, and 610", provided with
retaining features for attachment of the respective lugs rela-
tive to the bone independent of a plate. Crimp lug 610 (FIG.
18) includes a plastically deformable preferably trapezoidal
head 612 with two eyelets 616 extending through a wall
thickness of the lug, as described with respect to crimp lug
510. While the preferred shape of the head 612 is trapezoidal,
as such accommodates the eyelets in a low profile on the bone
or in the plate and is readily deformable to retain the cable, it
is appreciated that the retainer can be provided with a head of
another shape. The retaining feature is a barbed tack 614.
Crimp lug 610" (FIG. 19) includes a substantially similar head
612' provided with a retaining feature of a sharpened smooth
nailend 614", also permitting the lug to be driven into the bone
for temporary or permanent fixation. In each of the embodi-
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ments of FIGS. 18 and 19, the heads 612/612' of the lugs
610/610' may have increased rigidity in axial direction (par-
allel to the extension of the post) such that it can be driven into
the bone without significant deformation ofthe eyes 616/616',
and then only after the cable has been advanced through the
eyes and placed under the tension, the lug is deformed by
plastic deformation of the head, preferably via application of
a deformation force in a widthwise direction to the lug. As yet
another alterative, the retaining feature may include a
threaded shaft with preferably self-tapping threads adapted
for insertion into bone.

[0087] Referring to FIGS. 27 and 28, a tool 900 is provided
for handling and inserting independent and discrete crimp
Iugs. The tool 900 includes a tubular housing 902 and a shaft
904 insertable within the housing. The housing 902 defines a
central bore 906 having a thread 908 at its proximal end and
opening 910 at a distal end to a lug receiver 912. The receiver
912 is defined by two arms 914a, 9145 together with an end
face 916 defining a trapezoidal opening sized to closely
accommodate the trapezoidal head 612 of the lug 610, with
the barbed tack 614 of the lug 610 extending distally from and
beyond the receiver. It is appreciated that if the head ofthe lug
is provided with another shape, the receiver is likewise
designed to accommodate it in shape to closely receive it. The
housing also preferably include external grooves 918 to
facilitate secure manipulation. The shaft 904 includes a proxi-
mal end provided with knurled knob 920 having a preferably
flat proximal end 922, threads 924 adjacent the knob, and a
distal end 926. The shaft 904 is inserted into the bore 906 of
the housing 902 and retained relative to the housing via
engagement of the threads 924, 908. The housing 902 and
shaft 904 can have a threaded engagement at alternative loca-
tions, such as about the exterior of the housing, or at or near
the distal end of the tool.

[0088] Inuse, theknob 920 is rotated relative to the housing
902 to position the distal end 926 of the shaft in a retracted
position relative to the distal opening 910. A crimp lug 610 is
positioned in the receiver 912, and then the knob 920 is
rotated to advance the distal tip in contact with the head 612
of the crimp lug 610 and secure it into the receiver 912. The
lug 610 may then be easily manipulated by the tool 900. In
addition, once the lug is maneuvered to the intended implant
location, the proximal knob 920 of the tool may be struck with
an impactor, such as a smaller hammer, to drive the lug 610
securely into bone. Then the knob 920 is rotated relative to the
housing 902 to withdraw the distal tip 926 from contact
against the head 612 of the lug 610 and release the lug from
the tool 900.

[0089] Turning now to FIG. 20 through 22, the system is
also preferably provided with a cable tensioner 710. The cable
tensioner 710 may be used to tension a cerclage cable
advanced through the passages of an integrated cable secur-
ing structure on a plate, or through the eyelets of a separate
crimp lug, or a simple crimp, each as described above, or in
association with any plate or other cable securing component,
whether or not having the foregoing features, but preferably
having a passage through which a cable may be passed.
[0090] The cable tensioner 710 is a single device having a
distal cerclage cable guide tube 712 leading to and connected
to a proximal gear box housing 714. The tube 712 has a distal
end 716 pre-formed with a gentle curve to facilitate the
approach to a compression plate or cable lug 718 from outside
a surgical wound. This provides the surgeon with additional
space and clearance to work and displaces the working
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mechanism of the gearbox 714 away from the plate or crimp
to retain visibility at the surgical site and working clearance.
The proximal end 720 of the tube 712 is removably secured to
the gearbox housing 714 with a lockpin 724 that engages a
proximal lip 722 of the tube.

[0091] The gear box housing 714 includes worm screw 726
having a torque driver socket 728. The worm screw 726 is in
gear-engagement to a drive gear 730 which is rotationally
fixed to a cable pulley 732. A threaded tubular shaft 734
extends from the cable pulley 732 through a shaft mount 736
of the gear box housing 714. A collet 738 extends over the
shaft 734. A locking knob 740 with a central opening 742
extends over the collet, and is threadedly mounted to the shaft
734 of the pulley 732. The tubular shaft 734, collet 738 and
opening 742 define a cable passage extending transverse to
the rotational axis of the worm screw 726. Rotation of the
knob 740 in one direction decreases resistance to rotation of
the pulley 732, whereas rotation of the knob in the opposite
direction functions to increase resistance on pulley rotation
relative to the housing 714. The pulley 732 has a plurality of
grooves 744 opening in the sidewall of the track 745 of the
pulley, and a guide bolt 746 or other guide structure located at
each groove, the functions of each being described below.

[0092] In operation, after the free end of a cable 265 is
advanced through a plate passage, lug 718, crimp, or other
structure, with the stop end 26a of the cable retained in place,
the free end 265 of the cable is then pulled and the distal end
716 of the tube of the cable tensioner is advanced towards the
plate or crimp lug 718 until the tube 712 contacts or approxi-
mates the plate or crimp lug. The cable 26 may be threaded
through the tube 712 with the tube separated from the gearbox
housing 714, by removal of the lockpin 724. After the cable 26
has been advanced through the tube 712, the free end 2656 is
passed around the track 745 ofthe pulley 732 and through one
groove 744 ofthe pulley 732 (generally the groove nearest the
proximal end ofthe gear box, or furthest from the distal end of
the tube), about the adjacent guide bolt 746, and through the
cable passage defined by the tubular shaft 734, the collet 738,
and the opening 742 in the locking knob 740. The pulley
grooves 744 are preferably angled openings that will grab the
cable 26 as the pulley 732 is rotated. The guide bolts 746
ensure a smooth transition by the cable 26 from the pulley 732
to a transverse orientation through the cable passage, without
crimping or misfeed of the cable. If the tube 712 and housing
714 were previously disassembled (by removable of the lock-
pin 724), they are reassembled by inserting the lip 722 at the
proximal end of the tube into the housing and re-inserting the
lockpin 724 to engage the lip 722 and thereby prevent tube
separation.

[0093] Thecable 26 is then manually pulled until there is no
cable slack between the tube 712 and the pulley 732. Then the
locking knob 740 is rotated until a relatively taught cable 26
is secured in the proximal housing 714 of the tensioner 710,
all without the need for a separate pretension clamp to hold
tension on the cable. A driver (not shown) is next engaged in
the socket end 728 of the worm screw 726. As the driver is
rotated in a first direction the worm screw 726 rotates to
“spool” the cable 26 about the pulley 732. The portion of the
cable extending around the plate and bone decreases and
compresses the plate onto the bone. Also, if the driver is
rotated in an opposite second direction, the length of cable
extending about the bone is increased, the tension on the cable
is decreased, and the applied compression between the plate
and bone is decreased. Rotationally driving the screw 726
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provides superior tactile feedback over using a rotation knob
or a pistol grip for applying tension on the cable and com-
pression between the plate and bone. Once the desired com-
pression is applied between the plate and bone, the integrated
cable securing structure, crimp lug 718 or other structure is
secured onto the cable 26 to retain the applied tension on the
cable.

[0094] Turning now to FIGS. 29 and 30, another embodi-
ment of a cable tensioner 710", substantially similar to ten-
sioner 710, is shown. The cable tensioner 710' has a guide
tube 712' leading to and connected to a proximal gear box
housing 714'. In distinction from the tensioner 710, the ten-
sioner 710" includes several additional features that could
similarly be incorporated into tensioner 710 or another ten-
sioner. With additional reference to FIG. 30A, between the
tube 712' and the housing 714', the tensioner 710" includes a
compression spring 750, a tension gauge 752', and a cable
tension lock 754'. The compression spring 750' is preferably
a Belleville washer spring extending in outward compression.
The gauge 752" includes a collar 753' having a shoulder 755'
at the proximal end of the guide tube 712' that sits in contact
with the distal end of the compression spring 750'. The gauge
also includes a pin 756' that rides in a longitudinal slot 758'
within a locking housing 760'. As tension is applied to the
cable 26 by the gearbox in housing 714", the shoulder 755' is
loaded against the spring 750' to compress the spring and
thereby displace the pin 756' of the tension gauge 752' within
the slot 758'. The pin 756' is displaced in proportion to the
amount of force applied. Indicia 762' are provided along the
side of the slot 758' to indicate the applied tension or relative
tension. The cable tension lock 754" includes a cam arm 764'
that rotates to move a cam 765' between a first position in
which the cable can be longitudinally displaced relative to the
tube 712', and a second position in which the internal cam
765' compresses against the cable 26 to lock its longitudinal
position relative to the tube 712' (as shown in FIG. 30A).
Other suitable locking mechanisms to temporarily fix the
position of the cable and the tension thereon while the cable
tensioner is in use can also be used.

[0095] According to another aspect of the invention, the
gear box housing 714' can be disengaged and removed proxi-
mal to the cable tension lock 754", so that once the cable is
tensioned and the lock is used to retain the tension, the hous-
ing can be removed to operate with another cable and tube and
the tension on the cable is maintained. The housing can be
removed from the relatively distal assembly by releasing
lockpin 724' (see like component 724 in FIG. 21) or another
retaining fastener which engages a grooved neck 753" at the
proximal end of the tension lock 754" (FIG. 30A). As such,
fewer components are required and costs can be reduced.
More particularly, FIG. 29A illustrates a single gear box
housing 714' being used sequentially with three tubes 712'a,
7125, 712'c, and cables 26a, 265, 26¢ for preliminary appli-
cation and maintenance of tension to the respective cables in
advance of permanently fixing the tension on the cable with
an appropriate plate 110 and/or lugs.

[0096] Turning back to FIG. 29, the gearbox housing 714"
of'the cable tensioner 710" is also provided with a pulley 732"
and alocking knob 740', coupled to the gear box housing 714",
each of a slightly different design than the respective coun-
terparts in tensioner 710. Pulley 732' has a bulbous outer
surface extending from the track 745' of the pulley, and three
grooves 744' extending from the track over the bulbous sur-
face into the cable passage (described above with respect to
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tensioner 710). Such design facilitates smooth guidance of
the cable. The locking knob 740’ is relatively larger than knob
740 and includes three large grips 741' (two shown) to facili-
tate handling and rotation of the knob 740'. The remaining
components are substantially as described with respect to the
gearbox of tensioner 710.

[0097] The cable tensioner 710, 710' is a single, small size,
light weight instrument that can temporarily hold tension as
well as increase tension to apply final securing tension. In
addition, the device includes relatively few components and
can be manufactured as either a reusable instrument, or as a
one-time disposable instrument. The ease of use provides
increased surgical efficacy and reduces the procedure time.
Further, the device is relatively intuitive to use and can be
learned without a significant learning curve.

[0098] It is recognized that certain periarticular fractures
may not necessitate the use of a cerclage cable and the asso-
ciated open surgical procedure necessary to implant such
cable about the plate and the bone. If the option to avoid open
surgery is available, it is often preferred, as trauma to the
patient is reduced and recovery times can be significantly
decreased. Various plates, such as mid-shaft plate 410
described above in association with FIG. 13 and a metaphy-
seal plate 1010 (1010a) described below in association FIGS.
31-39, are well-adapted for a minimally invasive ‘closed’
surgical approach in conjunction with ajig system, such as the
jig system described below with respect to FIGS. 40-49.
[0099] Turning now to FIGS. 31 and 32, a distal femoral
plate 1010 is shown. The plate 1010 has a longitudinally
extending shaft portion 1011 with a tapered proximal end
1012 to facilitate entry into a small incision and between the
soft tissue and the bone. The distal end 1014 is shaped to
accommodate the metaphysis of the distal femur. Alterna-
tively, the distal end 1014 of the plate may include other
structure than shown for placement against the metaphysis.
[0100] The plate 1010 includes screw holes 1016, 1018 at
which bone screws can be selectively received, and optionally
transverse grooves 1020 are provided adjacent such screw
holes for the stabilized guidance of a cable (not shown) in the
event the plate is utilized in an open procedure, to which the
plate is also adapted. Grooves 1020 are described further with
respect to FIG. 13. The screw holes include threaded holes
1016 that secure fixed angle bone screws (not shown) to the
plate. Such fixed angle bone screw are known in the art and
have a head with external threads that mate with the threaded
holes to retain the screw directly to the plate 1010 and in
alignment with a central axis of the threaded hole. Further,
such fixed angle bone screws are adapted to not generate
significant compressive force between the screw and plate as
the screw is advanced into the bone and secured to the plate.
The screw holes also include elongate, preferably non-
threaded compression holes 1018, each for receiving a com-
pression fastener 1024 (FIGS. 33-36) that utilizes the head
1026 of the screw to compress the bone plate 1010 against the
bone 1030 as the threaded shaft 1028 of the screw is advanced
into the bone. The head 1026 preferably has a convex lower
surface 1032, which may alternatively be conical in design.
[0101] Inaccord with one aspect to the invention, the elon-
gate compression holes 1018 are dynamic compression holes
constructed to allow higher dynamic compression to be
applied across a fracture beneath the plate than known com-
pression holes permit. In general, dynamic compression holes
are holes that are adapted to interact with a compression
screw head to generate a longitudinal force on the screw, and
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thus against the bone into which the screw is driven. The force
is a radial component generated by the shape of the screw
head against one end of the compression slot. As the screw is
axially driven, the underside of the head of the screw inter-
feres with an end of the slot. As a result of the curvature (or
angle) at the underside of its head, the screw head pushes
radially outward from the end of the slot to result in displace-
ment of the bone beneath the plate in a manner that effects
compression across the fracture. In the prior art, as repre-
sented for example by U.S. Pat. No. 3,552,389 to Allgower et
al., theamount of compression is constrained by the geometry
of the screw. As a screw is driven, the bone displacement is
limited to ¥4 (diameter of the screw head-major diameter of
the screw shaft), which represents the radial overhang of a
screw head beyond the screw shaft. In the dynamic compres-
sion holes 1018 of plate 1010, the displacement of the screw
and the compression across the fracture is generated by the
plate geometry and not necessarily the screw geometry. As a
result, the magnitude of movement of the bone beneath the
plate is not limited by the geometric constraints of the prior
art.

[0102] More particularly, referring to FIGS. 31-33 and 37,
the compression hole 1018 is an elongate hole that includes a
screw ramp 1040 extending from a first end 1042 of the hole
toward a second end 1044 of the hole, and a longitudinally
flared recess 1046 adjacent the second end 1044 of the hole at
the upper surface 1047 of the plate. In accord with another
aspect of the invention, discussed below, the hole 1018 also
includes a longitudinally flared lower recess 1048 beneath the
first end 1042 of the hole, flaring in a direction opposite the
upper recess 1046.

[0103] In reference to when a lower bone contacting sur-
face 1048 of the shaft of the plate 1010 extends along a
substantially horizontal plane P (FIG. 33), the screw ramp
1040 has a downward slope, preferably at a constant angle,
and has a length that extends preferably more than half the
length of the screw hole 1018 and more specifically has a
length sufficient to cause a screw head 1026 traveling down
the ramp to contact the recess 1046 at the second end 1044
(i.e., far side) of the screw hole once the screw head has
traversed to the bottom of the ramp, as shown through FIGS.
33-38. Referring to FIGS. 31, 33 and 37, the screw ramp 1040
includes an upper bevel surface 1050 against which the lower
surface 1032 of the head 1026 of the screw contacts, and a
side wall 1052 defining opposing sides 1054, 1056 with
opposing points of contact which stabilize the shaft 1028 of
the screw. In one embodiment, the opposing sides 1054, 1056
are straight and preferably vertical side walls. Alternatively,
the opposing sides 1054, 1056 can have convex surfaces
providing sufficient point contact relative to the shaft 1028 of
the screw 1024 to stabilize the advancement of the screw
through the hole.

[0104] In operation, a first portion of the plate 1010 is
longitudinally fixed to a bone with a first bone fastener on a
first side of a fracture across which compression is required.
Then, on an opposite side of the fracture, a screw 1024 is
positioned with its shaft 1028 inserted adjacent the first end
1042 of the hole 1018. The screw 1024 is advanced into the
bone until the lower surface 1032 of the screw head 1026
contacts the bevel surface 1050 at the first end 1042 (FI1G. 33).
Turning to FIGS. 34 and 37, as the screw 1024 is further
advanced to provide compression against the plate 1010, the
lower surface 1032 of the screw head will radially push off
from the first end 1042, and the screw will seek to ride down
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the ramp 1040 to the lowest elevation within the screw hole.
As the screw cannot longitudinally move within the hole as its
is axially driven—the shaft is longitudinally fixed within the
bone 1030—both the plate 1010 and the bone fixed to the
plate at the first bone fastener move relative to the screw 1024.
The screw is further advanced, as shown in FIGS. 34 through
36 and 38, drawing the fracture into compression until the
screw head seats at the bottom of the ramp 1040 and in contact
with the second end 1044 of the screw hole. The upper recess
1046 is adapted to accommodate the full size of the screw
head 1026 so that the screw head seats flush or substantially
flush with the upper surface 1056 of the shaft of the plate.
Given the geometry of the screw hole, the potential displace-
ment is limited only by the length of the ramp 1040. More
specifically, it is anticipated that the compressive displace-
ment will always be greater than the radial overhang of the
screw head beyond the screw shaft, and more preferably at
least twice the radial overhang, potential many multiples of
the radial overhang. FIG. 36, by way of example only, illus-
trates a compressive displacement of approximately four
times the radial overhang of the screw head beyond the screw
shaft.

[0105] The direction of the compression hole is preferably
perpendicular to the fracture line to provide maximum dis-
placement of the plate relative to the fracture. The compres-
sion hole 1018 is shown extending parallel, and more specifi-
cally on axis with, the center line CL of the diaphyseal portion
of'the plate in FIG. 31. This arrangement accommodates the
uncertainty of the location of the fracture line as well as a
desirable aesthetic for the plate. As an alternative, referring to
FIG. 39, plate 1010¢ is shown with the long axis of a com-
pression hole 10184 obliquely oriented relative to the center-
line of the plate to accommodate the curvature of the diaphy-
sis of the bone and/or fracture locations and directionality
shown to have an historical tendency to occur. By way of
example only, the oblique orientation of the long axis may be
atan angle between 0°-30° relative to the center line CL. Such
hole orientation permits maximum compressive force to be
applied perpendicular to a fracture line that is also oblique
relative to the centerline of the plate. Further, plate 1010a
illustrates that multiple compression holes 10184 can be pro-
vided along the shaft of the plate to provide options in the
location at which compression is applied. For greatest
mechanical advantage, it is most preferable to apply compres-
sion at the compression hole 1018a located closest to the
fracture line; however given the uncertainty of the location of
the fracture line, the plurality of compression holes along the
shaft portion of the plate provides several options for most
beneficial placement of the compression screw. Moreover,
multiple dynamic compression holes in the same plate can
have their axes obliquely and/or axially relative to the center
line and extending at different sides relative to the center line
to provide a best case approach for maximum compressive
force perpendicular to a fracture line, particularly given the
unpredictability of the fracture line.

[0106] Turning now to FIG. 40, jig 1100 is shown coupled
to the plate 1010a in a manner that facilitates minimally
invasive insertion of the plate through an incision, and
deploying screws from outside the patient, through the soft
tissue surrounding the bone, and into the plate to secure the
plate to the bone. The jig 1100 includes a jig arm 1102 that
couples relative to the plate 1010a via ajig base 1104. The jig
arm 1102 includes a plurality of jig holes 1110 having the
same center-to-center spacing as the screw holes 1016 of the
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bone plate, and being configured to orient components
inserted therethrough over the screw holes 1016, 1018a of the
plate, as described below. All of the jig holes 1110, with the
exception of the one jig hole 1110a located nearest a first end
1111 of the jig arm, are threaded. The jig arm 1102 may be
straight or curved as necessary to extend over the plate 10104,
and is preferably designed with a sufficient number of jig
holes 1110 to separately accommodate plates of various
lengths, provided such various length plates each have holes
that are arranged along a common longitudinal axis, extend in
common axial orientation, and have a common inter-hole
spacing. Alternatively, separate jig arms may be provided for
plates of individual sizes and curvatures. The first end 1111 of
the jig arm includes a first side 1112 with a reduced stepped
width first portion 1114, and a second side 1116 with a
stepped reduced width second portion 1118. The jig holes
1110 extend between the first and second sides 1112, 1116.
The jig base 1104 includes first and second ends 1120, 1122,
each provided with a respective recess 1124, 1126, and a
throughbore 1128 extending in communication between the
first and second recesses 1124, 1126.

[0107] Inassembling thejig 1100 to the plate 10104, the jig
base 1104 is positioned over a threaded screw hole 1016 on
the plate, with the base 1104 straddling the upper surface
1032 ofthe plate 10104 at the second recess 1126. The jig arm
1102 is adapted such that either of the reduced width first or
second portions 1114, 1118 can be received in the upward
oriented first recess 1124. The orientation of the jig arm 1102
is generally dependent on whether the plate is adapted for a
left or right side bone of the patient and the adaptive contours
of such plate; the jig arm 1102 is always oriented within the
first recess 1124 to follow any curvature of the underlying
plate 1010aq.

[0108] Alocking guide 1130 is then inserted through the jig
hole 1110a at the first end 1111 of the arm, through the
throughbore 1128, and into an underlying threaded screw
hole 1016 of the plate 1010a. Referring to FIG. 42, the lock-
ing guide has a longitudinal bore 1150. The distal end of the
locking guide 1130 has a tapered threaded portion 1132 and is
split at two orthogonally oriented compression slots 1140,
1142 extending longitudinally into the distal end of the guide
1130. The tapered threaded portion 1132 is adapted to thread-
edly engage threaded screw holes 1016. The tapered and split
construction allows the guide to be rapidly advanced into the
screw holes 1016, yet allows significant radial loads to be
developed at the threads as the tapered threaded portion 1132
is advanced into a threaded hole 1016 to provide a secure
engagement at the plate 1010qa. Turning back to FIG. 40, a
proximal end 1134 of the locking guide preferably includes
an axial driver recess 1136, such as a hex opening to drive the
guide 1130 relative to the jig 1100 and plate 1010qa. In addi-
tion or alternatively, radial through-holes 1138 in which to
receive a leverto apply torque to the locking guide are radially
displaced, preferably at 90° apart, about the proximal end of
the locking guide. Such through-holes 1138 can be located on
a larger diameter collar 1140 fixed at the proximal end of the
guide to provide increased mechanical advantage. In addition
oralternatively, external flats, such as in the form of a hex, can
be formed on the outer proximal end of the locking guide,
including the collar 1140, to facilitate engagement by a tool to
apply torque.

[0109] Oncethejig 1100 is rigidly assembled relative to the
plate 1010q, the jig can be used as a handle to manipulate the
plate, and advance the tapered end 1012 of the plate through

Aug. 28,2014

a small incision until the plate lies in an intended position
between long bone and the overlying soft tissue. By way of
example, the long bone is the femur and the soft tissue is
muscle, facia, and skin surrounding the femur. The plate is
then fixed relative to the bone with screws. If the plate
includes a portion having bone screw holes which are
exposed at the incision such as metaphyseal portion 1014 of
the plate 10104, such portion is preferably first coupled to the
bone to provide initial plate fixation.

[0110] Then, each bone screw used for securing the plate at
portions remaining unexposed beneath the soft tissue is
advance through the soft tissue and to the plate preferably in
accord with the following method, generally illustrated in
FIG. 41. However, it is noted that FIG. 41 illustrates various
stages of the methodology, which would not necessarily be
occurring at the same time during a surgical procedure. As
such, FIG. 41 should be considered as illustrative only and
should be considered in context of the following preferred
order for steps for the procedure.

[0111] Referring to the right side of FIG. 41, a trocar 1300
is slidably disposed within an outer sleeve 1200, and the two
are together advanced through the soft tissue down to the plate
1010q. The outer sleeve 1200 has a proximal collar 1202 and
a sleeve 1204 with a length adapted to extend from the first
side 1112 of the jig arm to the upper surface 1032 of the plate
1010a. As shown in FIG. 43, a proximal end 1206 of the
sleeve is provided with external threads 1208 adapted to
threadedly engage the jig holes 1110 to fixedly couple the
outer sleeve 1200 relative to the jig 1100, and consequently
the plate 1010a. The trocar 1300 has a proximal collar 1302
adapted to rest on the collar 1202 of the outer sleeve 1200, and
a pointed distal end 1304 adapted to penetrate and separate
the soft tissue as the two are advanced. The trocar 1300 has a
length such that once the sleeve 1200 is fixedly coupled to the
jig arm 1102, the trocar 1300 can extend completely through
the soft tissue, through the respective screw hole, and provide
an initial pilot marking on bone when the collars 1202, 1302
are in an abutting relationship. The trocar 1300 is then
removed, while the outer sleeve 1200 remains fixed in place.

[0112] Referring to the left side of FIG. 41, an outer sleeve
1200, advanced with a trocar 1300 as described above, is
shown in place adjacent the locking guide 1130. After the
trocar 1300 is removed, a drill guide 1400 is advanced
through the outer sleeve 1200. As shown in FIGS. 41, 44 and
45, the drill guide 1400 includes a proximal collar 1402 and a
tubular member 1404 with a longitudinal bore 1406. The
collar 1402 is sized to stably seat on the collar 1202 of the
outer sleeve 1200 and functions as a manual handle for
manipulating the guide 1400. Optionally, an axial driver
recess 1408 for coupling a torque driver to the collar 1402 is
provided its proximal end. It is appreciated that the collar
1402 is sized to be used as a handle for manual rotation as
well. In accord with one aspect of the invention, the tubular
member 1404 has a distal end 1410 provided with hole
engagement structure 1412 adapted to couple with either a
threaded hole 1016 or a non-threaded slot 10184 in the bone
plate 1010a. Turning now to FIGS. 46 and 47, the hole
engagement structure 1412 includes a tapered threaded por-
tion 1414 threadedly engagable with the threaded screw hole
1016. A neck portion 1424 is provided proximally to the
threaded portion 1414. The neck portion 1424 has a reduced
diameter relative to the threaded portion 1414, a maximum
diameter Dn greater than the width of the screw hole slot
10184, and a length L.n exceeding the thickness of the sides
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1054, 1056 of the screw hole slot 1018a (FIG. 48). A lip 1426
is defined at the upper end of the threaded portion 1414, and
a shoulder 1428 is defined at the proximal end of the neck
portion. The hole engagement structure 1412 also includes
opposing flats 1420, 1422 extending longitudinally through
the threaded portion 1414, the lip 1426, and the neck portion
1424. The flats 1420, 1422 are displaced apart from each
other by a distance Df which is less than the width of the screw
hole slot 1018¢ at the sides 1036, 1038. A compression slot
1416 extends diametrically and longitudinally through an
entirety of the flats 1420, 1422, and further in a direction
transverse to the maximum diameter Dn of the neck portion.
While the diameter Dn is greater than the width of the screw
hole, it does not exceed the width of the screw hole slot 10184,
as defined as the dimension between the sides 1036, 1038, by
more than the width Ws of the compression slot 1416.

[0113] Where the drill guide 1400 is advanced through the
outer sleeve 1200 and into position over a threaded screw hole
1016 of the plate 1010a (as shown with respect to the position
of the left outer sleeve 1200 in FIG. 41), the drill guide is
threadedly engaged with the threaded screw hole at the
threaded portion 1414. A torque driver (not shown) may be
coupled to the drill guide 1400 at the recess 1408 to apply
sufficient torque to the drill guide in order to secure the
assembly of the guide 1400 to the plate 1010a. As the torque
is increased, the distal end of the guide may compress across
the compression slot 1416 increasing the resistance to unin-
tended pullout. Once the drill guide 1400 is securely engaged
to the plate, a drill bit is advanced through the drill guide and
operated to drill a hole for the shaft of the bone screw at the
location beneath the bone plate. The drill is removed, and then
the drill guide 1400 is removed. A fixed angle screw is
advanced through the outer sleeve 1200 and driven into the
bone and plate 1010a with a torque driver. The outer sleeve
1200 is then removed from engagement with the jig 1100.

[0114] Referring to FIGS. 48 and 49, where the drill guide
1400 is advanced through the outer sleeve 1200 and into
position over a non-threaded elongate dynamic compression
slot 10184 (as shown with respect to the position of the right
outer sleeve 1200 in FIG. 41; i.e., with the drill guide replac-
ing the position of the trocar 1300 shown in FIG. 41), the drill
guide is rotated such that the flats 1420, 1422 are parallel to
the elongate sides 1054, 1056 of the slot 1018a. In this ori-
entation, the threads 1414 are passed through the screw slot
10184, without threaded engagement thereof, and until the
neck portion 1424 resides within the screw slot. The drill
guide 1400 is then rotated one quarter turn; i.e., by 90°, in
either rotational direction about its longitudinal axis. As the
diameter Dn of the neck portion 1424 is greater than the width
of the screw hole slot 10184, but not by more than the width
Ws of the compression slot 1416, the neck portion 1424
radially compresses like a spring about the compression slot
1416. (See FIGS. 46-47 regarding the referenced dimen-
sions.) This results in the hole engagement structure 1412
capturing the plate at the compressed neck portion 1424 and
between the lip 1426 and the shoulder 1428, thereby locking
the dill guide 1400 relative to the hole 1018a. The lower
recess 1048 surrounding the first end 1042 of the compression
screw hole 1018« (shown in FIG. 32) provides clearance for
rotation of the lip 1426 into the locking position. The surgeon
receives tactile feedback as the compression increases, and is
thus provided feedback as to the secured relationship of the
guide 1400 relative to the plate 1010a.
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[0115] Once the drill guide 1400 is securely engaged to the
plate, a drill bit is advanced through the drill guide and oper-
ated to a drill hole for the shaft of the bone screw at the
location beneath the bone plate. The drill is removed, and then
the drill guide is removed. A compression screw is advanced
through the outer sleeve 1200 and driven into the bone and
plate 1010a with a torque driver. It may be necessary to loosen
the outer sleeve relative to the jig arm to fully seat the screw,
as the screw head may slightly longitudinally displace due to
seating in a dynamic compression holes; however, the sleeve
should remain within the soft tissue to protect the soft tissue
from the torque driver. Once the screw is seated, and the
torque driver removed, the outer sleeve is removed from
engagement with the jig arm 1102.

[0116] The above steps are repeated as necessary for each
threaded screw hole and compression screw hole receiving a
bone screw. Finally, referring back to FIGS. 40 and 42, a hole
is drilled through the bore 1150 of the locking guide 1130,
and then the locking guide is unscrewed from the jig 1100 so
that the jig is disassembled from the plate 1010a. The outer
sleeve 1200 is advanced into the position formerly occupied
by the locking guide 1130, and a bone screw is advanced to
the plate 10104 and driven into the plate and bone to complete
the implantation.

[0117] There have been described and illustrated herein
embodiments of a system, devices, and methods relating to
periprosthetic fracture fixation. While particular embodi-
ments of the invention have been described, it is not intended
that the invention be limited thereto, as it is intended that the
invention be as broad in scope as the art will allow and that the
specification be read likewise. Thus, it is specifically intended
that various features described with respect to different
embodiments of the compression plates, cable securing struc-
ture, and crimp lugs be usable interchangeably in other plates,
and specifically in plates combining a plurality of the
described features, as such structure permits. Further, while
the plates and systems have been specifically described with
respect to fixation and stabilization at the femur, it is appre-
ciated that such plates or like plates of suitable size and shape
can be adapted for periarticular fixation of other long bones.
Moreover, while the features herein have been described in
the context of periarticular fixation, it is appreciated that the
structure and use is not limited thereto, and may have addi-
tional utility particularly in other areas of orthopedic fixation,
other surgical procedures, and even non-medical applica-
tions. It will therefore be appreciated by those skilled in the art
that yet other modifications could be made to the provided
invention without deviating from its spirit and scope as
claimed.

What is claimed is:

1. A drill guide stably engagable relative to a bone plate, the
bone plate having circular threaded screw holes and elongate
non-threaded compression screw holes, each compression
screw holes having a first width defined between elongate
sides of the compression screw hole, the bone plate having a
thickness as measured through a compression screw hole,
said drill guide comprising:

a tubular member having a proximal end and a distal end,

said distal end including,

a threaded portion;

a neck portion proximal said threaded portion and hav-
ing a reduced diameter relative to said threaded por-
tion, said neck portion having a maximum diameter
greater than the first width;
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a lip provided between the upper end of the threaded
portion and the neck portion;

a shoulder provided at an upper end of the neck portion;

first and second opposing circumferential flats extend-
ing longitudinally through the threaded portion, lip,
and neck portion, said flats displaced apart from each
other by a distance which is less than the first width;
and

a compression slot extending diametrically and longitu-
dinally through said first and second flats, said com-
pression slot extending transverse to a dimension of
maximum diameter of said neck portion,

wherein said threaded portion is adapted to threadedly
engage the plate at the threaded screw holes, and

wherein said flats can be rotationally oriented to extend
between the sides of the compression screw hole, and
then said drill guide can be rotated to cause the sides
of the compression screw hole to compress said neck
portion about the compression slot and said threaded
portion to be disposed under the sides of the compres-
sion screw hole to thereby retain said drill guide rela-
tive to the plate at the compression screw hole.

2. A drill guide according to claim 1, wherein:

said compression slot has a second width, and

said diameter of said neck portion exceeds the first width

by no more than said second width.

3. A drill guide according to claim 1, wherein:

said neck portion has a length sufficient to extend through

the thickness of the plate.

4. A drill guide according to claim 1, further comprising:

a collar provided about said proximal end of said tubular

member.

5. A drill guide according to claim 4, wherein:

said collar includes an axial recess for a torque driver to

apply torque to said drill guide.

6. A drill guide stably engagable relative to a bone plate, the
bone plate having elongate non-threaded compression screw
holes each having a first width defined between elongate sides
of'the compression screw hole, the bone plate having a thick-
ness as measured through a compression screw hole, said drill
guide comprising:

a tubular member having a proximal end and a distal end,

said distal end including,

a distalmost portion;

a neck portion proximal said a distalmost portion and
having a reduced diameter relative to said a distalmost
portion, said neck portion having a maximum diam-
eter greater than the first width;

a lip provided between the upper end of the distalmost
portion and the neck portion;

a shoulder provided at an upper end of the neck portion;

first and second opposing circumferential flats extend-
ing longitudinally through the distalmost portion, lip,
and neck portion, said flats displaced apart from each
other by a distance which is less than the first width;
and

a compression slot extending diametrically and longitu-
dinally through said first and second flats, said com-
pression slot extending transverse to a dimension of
maximum diameter of said neck portion,

wherein said flats can be rotationally oriented to extend
between the sides of the compression screw hole, and
then said drill guide can be rotated to cause the sides
of the compression screw hole to compress said neck
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portion about the compression slot and said distal-
most portion to be disposed under the sides of the
compression screw hole to thereby retain said drill
guide relative to the plate at the compression screw
hole.

7. A drill guide according to claim 6, wherein:

said compression slot has a second width, and

said diameter of said neck portion exceeds the first width

by no more than said second width.

8. A drill guide according to claim 6, wherein:

said neck portion has a length sufficient to extend through

the compression screw holes of the plate.

9. A drill guide according to claim 6, further comprising:

a collar provided about said proximal end of said tubular

member.

10. A drill guide according to claim 9, wherein:

said collar includes an axial recess for a torque driver to

apply torque to said drill guide.

11. A jig kit for inserting screw into a bone plate, the bone
plate having an upper surface and a lower surface, a plurality
of spaced apart screw holes extending between the upper and
lower surfaces, the screw holes including circular threaded
screw holes for receiving fixed angle bone screws and elon-
gate compression screw holes for receiving compression
bone screws, comprising:

a)ajigincluding a jig arm having a plurality of spaced apart

threaded jig holes at a same center-to-center spacing as
the screw holes of the bone plate, and a jig base that
couples to the bone plate and spaces the jig arm relative
to the bone plate;

b) a locking element to lock said jig relative to the bone

plate;

¢) an outer sleeve receivable within a respective jig hole,

and having a proximal threaded end that threadedly
engages with the respective jig hole, and a length suffi-
cient to extend from said jig arm to adjacent an upper
surface of the bone plate; and

d) a drill guide insertable through said outer sleeve and into

stable engagement with either of the threaded screw
holes or the compression slots of the bone plate so as to
retain said drill guide relative to the respective screw
hole.

12. A jig kit according to claim 11, wherein:

said drill guide includes a threaded portion at its distal end,

and said drill guide is stably engaged to the threaded
screw holes by threaded engagement therewith.

13. A jig kit according to claim 11, wherein:

said drill guide is stably engaged to the compression slots

by advancing a distalmost end of the drill guide into the
compression slot and rotating the drill guide relative to
the compression slot by one quarter turn.

14. A jig kit according to claim 11, wherein:

said drill guide includes,

1) a distalmost portion;

i1) a neck portion proximal said a distalmost portion and
having a reduced diameter relative to said a distalmost
portion, said neck portion having a maximum diam-
eter greater than the first width;

iii) a lip provided between the upper end of the distal-
most portion and the neck portion;

iv) a shoulder provided at an upper end of the neck
portion;

v) first and second opposing circumferential flats
extending longitudinally through the distalmost por-



US 2014/0243837 Al

tion, lip, and neck portion, said flats displaced apart
from each other by a distance which is less than the
first width; and
vi) a compression slot extending diametrically and lon-
gitudinally through said first and second flats, said
compression slot extending transverse to a dimension
of maximum diameter of said neck portion,
wherein said flats can be rotationally oriented to extend
between the sides of the compression screw hole, and
then said drill guide can be rotated to cause the sides
of the compression screw hole to compress said neck
portion about the compression slot and said distal-
most portion to be disposed under the sides of the
compression screw hole to thereby retain said drill
guide relative to the plate at the compression screw
hole.
15. A drill guide according to claim 14, wherein:
said compression slot defines a second width, and
said diameter of said neck portion exceeds the first width
by no more than said second width.
16. A drill guide according to claim 14, wherein:
said neck portion has a length sufficient to extend through
the compression screw holes of the plate.
17. A drill guide according to claim 14, further comprising:
a collar provided about said proximal end of said tubular
member.
18. A drill guide according to claim 17, wherein:
said collar includes an axial recess for a torque driver to
apply torque to said drill guide.
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