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(57) Abrege(suite)/Abstract(continued):

through openin

g, a smooth opening that forms a torgue driving recess, and an annular flange. A variable locking fastener has a

head portion with external threads of a harder material than that which forms the through opening of the Insert so that the threads
of the fixator will deform the insert to lock the fixator In a desired position relative to the implant. The implant system further includes
at least one of a fixed angle locking fastener and or a variable angle non-locking fastener, as well as a fastener driver that has a

variable angle drive tip and a depth limiting sleeve.
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(57) Abstract: An orthopedic Implant system
including an implant having a through open-
ing with internal threads and a locking mecha-
nism assembly to allow locking of a fastener.
The assembly Includes a looking Insert, hav-
ing threads which mate with the threads of the
through opening, a smooth opening that forms
a torque driving recess, and an annular tlange.
A variable locking fastener has a head portion
with external threads of a harder material than
that which forms the through opening of the
Insert so that the threads of the fixator will de-
form the insert to lock the fixator In a desired
position relative to the mmplant. The implant
system further includes at least one of a fixed
angle locking fastener and or a variable angle
non-locking fastener, as well as a fastener
driver that has a variable angle drive tip and a
depth limiting sleeve.
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ORTHOPEDIC IMPLANTS SYSTEM INCLUDING A
VARIABLE AXIS LOCKING MECHANISM

FIELD OF THE INVENTION
[0001] This present invention relates to an orthopedic implant system having
a mechanism for allowing a fastener, such as a screw or a peg, to be used in an
orthopedic implant with the long axis of the screw at a variable angle to the
orthopedic implant and subsequently to be locked into a desired orientation. The
mechanism comprises an assembly, which is used in a threaded hole in the plate
that would otherwise provide for a locking relationship with a locking screw at a
fixed angle. Thus the assembly provides the option of either fixed angle locked
fixation or locked variable angle fixation using the same plate hole. In addition,
the system includes a variable angle non-locking screw that can be used in the
same threaded plate hole, allowing selectively for three types of fixation in a
single location within a plate hole. The system also include a fastener driver that
has a tip that will drive a fastener at a variable angle relative to the drive axis of
the driver, and further includes a depth limiting feature that will inhibit the fastener
or fastener assembly from being driven too deeply relative to the plate hole.
BACKGROUND OF THE INVENTION

[0002] The present invention provides an advance in the design of an
assembly which allows a fastener or fixator, including for example, a screw, or
peg, to be inserted through a threaded hole in a stabilizer or implant, such as a
plate, anchor or cage, at a variable angle in order to best capture a bone or bone ‘
segment with the fastener. The angle of the fastener can subsequently be
locked to fix the bone or bone segment relative to the plate, or to fix the plate
relative to the bone or bone segment. The invention allows for at least about 10°,
and more preferably 15°, of angulation relative to a longitudinal axis of the
opening that the fastener is inserted through. The assembly provides the
advantage of providing the option to the surgeon of using a locking screw having
a threaded head which mates with the threads in the hole to fix the screw at a

pre-determined angle, to use a non-locking, non--threaded hemispherical headed
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screw which is sized and shaped to ride on the threads to hold the plate in
compression relative to the bone when the screw is implanted at a desired
variable angle or to use the assembly which comprises a threaded bushing in the
hole with a threaded screw at a variable angile relative to the hole.
[0003] There are numerous imf)lant applications that can benefit from a
variable angle locking mechanism. Specific examples include use Iin the small
bones, i.e. those bones distal to the elbow and knee and the clavicles, although it
IS understood, that the mechanism can also be of use in other areas of the body,
iIncluding the long bones, the pelvis and the spine.
[0004] In addition, the orthopedic implant system of the present invention
iIncludes a fastener driver in particular for use with a variable locking assembly In
which the driver has a variable angle drive tip and a depth limiting sleeve that
helps to inhibit the user from driving the fastener too deeply within the plate hole.
SUMMARY OF THE INVENTION
[0005] The orthopedic system of the present invention includes an implant,
and preferably a plate having a threaded fastener hole and three types of
fasteners that can interchangeably be used in the threaded fastener hole,
specifically, fixed angle locking fastener having a threaded head that mates with
the threads of the fastener hole to lock the fastener into the plate at a fixed angle,
a variable angle non-locking fastener that has a rounded head that rides on the
threads of the fastener hole at a variable angle and holds the plate relative to the
bone into which the fastener is implanted by compression between the fastener
head and the plate hole, and an assembly that provides for variable angle
fastener locking. Advantageously, the non-locking fasteners have convexly
rounded heads that are sized to fit within the threaded hole at a variable angle
providing for about 20° of conical rotation relative to the longitudinal axis of the
fastener hole. The variable angle assembly includes a locking insert that is
threaded into, and thus mechanically seated in, the internally threaded opening in
the plate. The locking insert has an annular flange or shoulder that surrounds the
opening Iin the plate on the superior surface (relative to the associated bone or

bone fragment), and also has a central through opening that is preferably smooth
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and hexagonal in cross section to allow the insert to be screwed into the plate
opening. The locking insert is made from a biocompatible material that can be
deformed by the threads of the fastener head, (i.e. a screw or peg,) so that the
fastener is inserted through the locking insert and into the adjacent bone to the
point where the proximal head threads interact with the internal opening of the
locking insert to cause the material to flow and accept the head of the fastener at
any angle (up to ~15° while maintaining a rigid construct. Both the minor
diameter and the major diameter of the fastener head include a taper to improve
the locking within the locking insert. Preferably, the major diameter of the
threads taper out at a larger angle than the minor diameter, i.e. by a difference of
from about 2° to about 20°, preferably from about 5° to about 15°, and preferably
about 8° to about 12° degrees of difference, so that the threads widen at a
greater rate than the head does to improve the feeling when the fastener is
locked into the insent.

[0006] Thus, the invention relates to a surgical tray or caddy that includes
orthopedic plates which have internally threaded fastener holes, a variable
locking insert which threads into the threaded fastener hole and which has a
through opening and an externally threaded fastener that can be inserted into the
locking insert to deform the surface of the through opening to lock the fastener at
a selected angle relative to the fastener hole, and at least one of a fastener
having a head with threads that are capable of mating with the threads of the
fastener hole or a fastener that has a convexly rounded surface that is sized to fit
with the fastener hole and hold the plate but also to allow for a variable angle
position of the fastener within the fastener hole. The invention relates to a
fastener driver which has a drive mechanism which includes a depth limiting
feature that has an interference type drive clutch with a spring that biases the
depth limiting assembly into engagement and that disengages when the fastener
is inserted to a desired depth (in particular when the terminus of a depth limiting
sleeve (joined by threads to a drive couple member) encounters a surface
surrounding the fastener aperture which counters the bias of the spring to

disengage the clutch assembly.



CA 02768304 2012-01-13
WO 2011/008286 PCT/US2010/001991

[0007] The fastener driver also includes a replaceable drive tip having a
detent, which is preferably a coil spring that snaps into an annular groove within
a drive feature housed within the depth limiting sleeve. The drive tip unit also
includes a drive tip that floats within the driver tip unit at a variable angle to allow
a fastener to be driver at an angle relative to the long axis of the drive train of the
fastener driver. Specifically, the drive tip comprises a rounded end, which Is
advantageously a drive ball (i.e. a hex ball) or curving portion joined at ridges
such that the cross-section of the rounded end of the tip in a plane transverse to
the long axis forms a hex (although other geometries such as a pentagon or
square or even a hexalobe could be used). The drive shaft of the drive tip unit
includes a corresponding recess that has a shape including angles that are the
inverse of the ridges of the drive ball that capture the drive ball to transmit torque
to the drive end of the drive tip, which can be any appropriate geometry to
correspond to the torque receiving recess of the fastener. In this case, the drive
end is shown as a hexagon, but advantageously drive tip units can be supplied
within a given system or surgical tray to accommodate various torque driving
recesses, includes various sized hexagons, hexalobes, or even Phillips head
fasteners.

[0008] In addition, the invention relates to a fastener system for use In
orthopedic surgery which includes an orthopedic implant, such as an orthopedic
plate having apertures that receives fasteners, and specifically includes variable
locking apertures, in combination with a fastener driver that has a depth limiting
feature, such as a clutch that disengages to inhibit the user from driving the
fastener or fastener assembly too deep relative to the implant. Similarly, the
invention relates to a method of promoting the achievement of variable angle
fixation within an orthopedic plate comprising providing in an orthopedic tray, an
orthopedic plate having a fastener aperture with an aperture axis, a fastener
having a longitudinal axis which is capable of being implanted within said
fastener aperture with its longitudinal axis at a variable angle relative to the
aperture axis, and a fastener driver having a drive axis and which includes a

mechanism that disengages to inhibit the fastener to be driven too deep relative
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to the plate, and optionally the fastener driver includes a variable angle drive tip
that allows the tip to be used at a variable angle relative to the “drive axis” of the
fastener driver (which is used herein to mean the long axis of the driver that
defines the rotational axis through which the driver is driven).
[0009] The present invention achieves the foregoing goals within the fastener
driver by providing a drive train comprising a drive shaft which is coupled to a
handle for manual use or to a motor in the event that a power drive Is desirable,
and which has a housing for the shaft of a drive feature or linking section with a
rectilinear (preferably having from 3 to 10 sides, and more preferably 4 to 8 or 6)
boss section about an opening that houses the drive train, that forms an
interference fit in a corresponding recess at the forward end of the drive couple.
The drive feature further includes a second housing having a composite recess
that accepts the end of a drive tip unit for easy replacement. A spring, which Is
preferably a coil spring, but could also include other biasing means, is biased
between the front section of the first housing and at the other end against the
rear end of a recess within a drive couple that has a front annulus including
external threads that mate with the internal threads of a depth limiting sleeve
which surrounds the second housing, as well as the drive tip unit up to the drive
portion of the drive tip of the drive tip un.it. The projecting drive portion of the
drive tip unit engages the torque receiving recess of the fastener, and allows the
fastener driver to be used to drive the fastener into an orthopedic plate. The
sleeve has a terminal annular flat nose surrounding the drive tip, which will cause
the drive train to uncouple by counteracting the spring to disengage the
interference fit between the drive couple and the drive feature, essentially
disengaging the clutch mechanism of the fastener driver of the present invention.
BRIEF DESCRIPTION OF THE DRAWINGS
[0010] Figure 1 is an exploded view of a variable locking assembly iIn
accordance with the present invention with the plate illustrated in section;
[0011] Figure 2 is a view from the top and the side of the variable locking
assembly of the present invention,

[0012] Figure 3 is a side view of the screw head of Figure 1;
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[0013] Figure 4 is a top side view of variable locking insert of figure 1,

[0014] Figure 5 is a cross section of the variable locking assembly insert of
Figure 2 taken along line 5-5;

[0015] Figure 6 is a cross section of the plate shown in Figure 1 with a
threaded locking screw,

[0016] Figure 7 is a top side view of a bone plate and fastener system
illustrating the use of all three modes of fixation provided by the present
iInvention;

[0017] Figure 8 is a cross-section of the bone plate of Figure 7 taken along
line 8-8,;

[0018] Figure 9 is view of the variable non-locking fixation of the present
invention taken from the same cross-sectional view as for Figure 8;

[0019] Figure 10 is a top side view of the locking insert driver of the present
invention:;

[0020] Figure 11 is a distal end view of the locking insert on the insertion tool
for the variable locking assembly of the present invention;

[0021] Figure 12 is a cross-section distal end view of the locking insert on the
insertion tool for the variable locking assembly of the present invention;

[0022] - Figure 13 is top side view of the variable angle non-locking screw of
the present invention;

[0023] Figure 14 is top side view of the fixed angle locking screw of the
present invention;

[0024] Figure 15 is top side view of the variable angle locking screw assembly
of the present invention;

[0025] Figure 16 is a side view of the fastener driver of the present invention;
[0026] Figure 17 is a cross section of the fastener driver shown in Figure 16
taken along line 16-16;

[0027] Figure 18 is an exploded side view of the fastener driver of Figure 16;
[0028] Figure’ 19 is a first side view of a drive tip for use in the present

invention; and
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[0029] Figure 20 is an end view of the drive tip of Figure 19 taken at a 90°
rotation.
DETAILED DESCRIPTION OF THE DRAWINGS

[0030] Figure 1 shows an exploded view of a variable axis locking
mechanism assembly in accordance with the present invention which are further
llustrated in Figures 2 through 6. Figure § shows a cross section of the
assembly of Figure 1. The assembly 10 includes an implant member which is
shown as a plate 12, a locking insert 16 and a variable locking fixator, which is
shown as a screw 20. For the purpose of this description, the plate is shown as
part of an annular portion of a plate including a through hole 22 with internal
threads 24, and optionally grooves 26 that act as seats for a drill guide having
mating cylindrical projections. . The plate could have any appropriate shape
according to the application with which it is used, distal radius plates, calcaneal
plates, long bone plates, plates for the clavicles, spinal plates, plates for use in
the hand and foot, or any other surgical implant and accordingly is illustrated in
Figures 7-9 as having a modified X-shape where the plate has diagonally
opposed pairs of long and short arms that each include a threaded fastener hole.
The plate is further shown as including one or more compression holes in the
middle of the plate.

[0031] The plate generally has a top side, or superior side, i.e. the side which
faces away from the bone in use, with a generally constant through thickness to
a bottom side, or side that faces toward the bone in use. The plate can be
planar, or have another topography, according to the application, although the
through hole portion 22 must have a topography that allows the through hole of
being capable of receiving the locking insert 16 and the threads 24 of the hole
are capable of mating with the external threads 32 of the body 34 of the locking
Insert or the head of a fastener designed for fixed angle locking. As illustrated in
Figure 4, the locking insert includes an annular flange member 36, which
generally forms a shoulder area that seats against the top portion of the plate
that surrounds the through hole 22. The locking insert further includes an

internal opening 38 that is advantageously smooth and which has a cross-
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sectional configuration that allows the locking insert to be screwed into the plate
hole. Preferably, this is a hexagonal shape having internal edges where the flats
join that are smoothed out to better accommodate the screw head. The locking
insert is made from a biocompatible material such as nylon or PEEK polymer
(i.e., polyether ether ketone) or other suitable biocompatible polymer, that is
softer than the screw so that when the screw head is screwed into the locking
insert, the external threads will cause the surface of the internal opening 38 to
flow or deform to form threads in the locking insert, causing the screw to lock into
position relative to the plate in the locking insert. Also advantageously, the
locking insert 16 is provided in the surgical tray pre-mounted on a locking insert
driver tool 160 shown in Figures 10-12. The tool 160 is similar in shape to the
drill guide that is used with the system, and comprises a long hollow tube having
a cannula which can receive and guide a guide for the drill used for the fastener
that is used with the locking insert. The outside of the distal end of the tube fits
into the through hole 22 of the locking insert 16 and is shaped such as in a hex
shape corresponding to the shape of the internal opening 38 of the insert and
tapered so as to be sufficiently secure to permit the tool to be used to driveh the
insert 16 into the plate 12.

[0032] Figures 1, 2 and 3 show a variable axis locking fastener which is a -
screw 20 but which could also be a variable axis locking peg. The screw
includes a portion having a thread 40 for attachment within a bone or bone
segment. The screw can include an insertion tip 42 that has a point, or as
shown, a blunt tip with optional cutting flutes 44. The screw has a head portion
46 that is joined to the distal threaded portion by an area 48 having threads of a
smaller major diameter and also including an area that is free from threads or is
cylindrical. The head of the screw includes external threads 50 where the minor
diameter and major diameter both taper, but preferably, the major diameter
tapers at a smaller angle than the minor diameter so that the threads become
thicker as they progress toward the top end of the screw. The minor diameter
tapers at an angle of from about 20" to about 60°, and preferably from about 30°

to about 50° degrees and most preferably about 35° to about 45° while the major
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diameter tapers at an angle of from about 30° to about 70°, and preferably from
about 40° to about 60° degrees and most preferably about 45" to about 55" with
an advantageous differential being about 8° to about 12°. The head portion 46
further includes a torque driving recess 52, with an optional bore 80 which retains
the screw 54 on the post of a screwdriver.

[0033] Figure 6 illustrates the plate of the present invention accepting a
locking screw which has threads on the exterior surface of the head that mate
with the internal screws of the through hole in the plate.

[0034] Figures 7-9 illustrate a modified X-shaped plate 122 that has threaded
locking screw holes 122 and compression holes 124 that include a shoulder 126
to cause compression of the plate as the screw is driven down into the plate hole.
This plate 12’ is illustrated as including three modes of fixation, using a variable
locking screw assembly 20, a threaded locking screw 120 and a non-locking
variable screw 150. These three types of screws are better illustrated in Figures
13-15. Figure 13 shows the non-locking screw 150 which has a rounded head
152 that rides on the internal threads of the fastener hole 22 within the plate as is
shown in Figure 9 in detail. Once again, the screw 150 further includes a torque
driving recess 156 and bone threads which have a lower pitch then the other two
types of screws provided with the present invention in order to provide better
purchase in the bone. The screw has a head portion 152 that is convexly
rounded, and preferably hemi-spherical and sized so as to ride on the internal
threads of the plate and to secure the plate to the bone, but to allow an conical
range of fixation of about 10° to about 20 °, and preferably about 12° to about
17°, and more preferably 15°, (which is lower than the angle permitted by the
locking variable angle assembly since a higher angle contributes to lower
strength. In order to compensate for the lower strength, the non-locking variable
locking screw has a bone screw portion154 that has a lower pitch and a slightly
greater major diameter, with the same size minor diameter.

[0035] Figures 10 -12 illustrate a locking insert driver 160 that can be used to
install the insert in the plate of the present invention. The driver has a handle
162 and a tip 164 that includes a split 166 and ridges 168 which fit into radiused
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areas 37 within the locking ring insert through hole 38 in order to drive the insert
into the through hole of the plate. The split allows the driver tip to compress to
form a tighter friction fit of the insert on the driver.

[0036] The present invention is novel in providing a surgical caddy that
includes a plate with threaded hole and a variable locking assembly that has a
threaded deformable locking insert and a fastener having a threaded head that
can be inserted in the locking insert to lock it into position, and either or both a
locking fastener that has a threaded head that locks into the threaded hole to
lock the 'fastener at a fixed angle, or a variable locking fastener that has a
convexly rounded head that is sized to fit within the threaded hole so that the
non-locking fastener can be inserted at a variable angle, but which secures the
plate to the bone, but is not mechanically coupled to the plate. Thus, the
surgeon is provided with a single plate, basically a single surgical procedure with
very little change to provide selectable fixation by choosing the fastener.

Testing was performed on the variable locking mechanism of the present
invention showing cyclic loading of the variable locking assembly of the present
invention at an applied load of 35, 55, and 67.5 Newtons at a run cycle to failure
or one million cycles. Only one of the assemblies of the present invention failed
below the test end, i.e. at more than 300,000 cycles, while the majority of the
comparative product failed at an average of 22,000 with loading at 55 N. The

test results are shown below in Table 1.

Table 1
| o
Static Observations
Customer Applied | Applied | Cycles Dynamic | and/or
| Spec ID Load | Moment | Tested | Stiffness | Failure mode |
- (N) ((Nm) (n) | (N/mm) a
Stryker
| 156° Cust P 67.50| 0.7425| 71,102 22.92 | a B
Stryker |
16° Cust P 35.00 0.385 | 1,000,000 78.75 | b B |
Stryker |
| 15° Cust P 55.00 0605 30530 70.71|a |
Stryker '
16° Cust P 55.00 0.605| 29,596 7857 |a

10




CA 02768304 2012-01-13

WO 2011/008286 PCT/US2010/001991
 Stryker

| 15° Cust P 55.00| 0.605| 44,539 99.00|c
Stryker 0° | Cust P 55.00 0.605 7,790 47.60 | cC
Stryker 0° | Cust P 55.00| 0.605| 15,472 58.24 | c
Stryker 0° | Cust P 55.00 0.605 3,291 55.62 | c
Ortho 15° | CustP 55.00| 0.605[1,000,000[ 88.39|b
| Ortho 15° | Cust P 55.00 | 0.605 | 1,000,000 86.84 | b
Ortho 15° | CustP 55.00| 0.605| 317,842 88.39 | d
|Ortho0° |CustP | 55.00| 0.605|1,000,000 93.40|b
' Ortho0° | CustP | 55.00| 0.605|1,000,000| 90.00|b
Ortho0° |[CustP | 55.00| 0.605 ] 1,000,000 85.34 | b 3

a 2 mm of displacement, screw head pulled through plate, plate fracture

b no observed failure
c partial fracture of plate
d partial separation of peek ring from plate

[0037]

use in surgically implanting a bone fastener to a bone to retain the bone or bone

The fastener driver of the present invention is preferably intended for

fragment relative to an orthopedic implant, which could include various constructs
such as cages, rods, and plates, but which is envisioned primarily for use with
orthopedic plates. Similarly, the fastener with which the driver is intended for use
could include various types of fasteners, such as screws and pegs (i.e. with and
without bone threads), but for the sake of expediency, when the term “screw’ is
'u$ed hérein, it should be interpreted to include fasteners without terminal
threads, such as are sometimes referred to as pegs.

[0038] - Further, the driver of the present invention is used advantageously with
a variable angle or polyaxial fastener system in which the fastener, 1.e. screw, Is
inserted into an aperture within the implant, i.e. plate, with its long axis at a
variable angle relative to the central axis of the aperture. The present invention
encompasses a plate/fastener system and method of enabling surgery which
involves a plate having a threaded fastener aperture that accepts a variety of
fasteners including a locking fastener having a threaded head which mates with
the threads of the fastener aperture, or a variable angle non-locking fastener
which has a partially spherical head that rides on the internal threads of the

fastener aperture, or a variable angle locking assembly that includes a threaded
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locking insert that mates with the threaded fastener aperture and which
comprises a material that will flow or deform relative to the threads of the head of
a variable angle locking fastener that is threaded into the locking insert.
Additionally, the present invention includes a fastener driver that has a depth
limiting drive mechanism that will inhibit the user from driving any of these
fasteners through the plate or too deep within the fastener aperture. The
invention also relates to a method of enabling surgery comprising providing an
orthopedic plate system that includes an orthopedic plate having at least one
threaded fastener aperture, a fastener that can be threaded into the fastener
aperture, and a fastener driver that includes a clutch that will disengage if the
fastener is driven below a desired depth relative to the plate aperture. Where the
plate allows for variable locking fixation using a locking insert as previously
described, it should be understood that the locking insert could be considered to
be part of the plate so as to define the fastener insert, or could be considered to
be part of the fastener.

[0039] Figure 16 illustrates a side view of the fastener driver of the present
invention, which is further shown in cross-section is Figure 17 and as an
exploded view in Figure 18. The driver 210 includes a disengageable drive
mechanism 211 which includes a sleeve 212 that houses a replaceable drive tip
unit 213. The replaceable drive tip unit 213 includes a drive tip 214, which is held
in a recess 215 within a drive shaft 216. The drive shaft 216 is crimped around
the rounded portion of the drive tip 214 so as to allow the drive tip to rotate in the
recess 215, but to retain it axially from dislodging from the drive shaft 216. The
drive shaft 216 has a shaft portion joined to a drive body 217, which includes a
groove 218 that receives a detent spring 219.

[0040] The drive shaft 216 is removably inserted into and mechanically
coupled (by means of an interference fit) to a compound recess within a drive
feature or link 220 which is pinned within a drive connector 226. A drive couple
222 houses and mechanically couples the drive feature 220 with the drive
connector 226 that is directly manually driven by means of the handle2 28 shown

as including an optional ratcheting mechanism 225 . The drive connector 226
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further includes a square shaft 230 which has the cylindrical recess 227 that
receives the shaft portion2 29 of the drive feature 220, and which is captured
within the square recess 231 of the drive couple 222. The square recess 231 of
the drive couple also accepts a square boss 232 on the rear face of the housing
portion of the drive feature 220. It is this coupling between the square recess
231 of the drive couple 222 and the square boss of the drive feature that
transmits the drive torque to the drive tip unit 213, and ultimately drives the
fastener.

[0041] The drive connector 230 aiso includes an annulus 233, which includes
the terminus of the cylindrical recess 227 that accepts the cylindrical shaft 234 of
the drive feature 220. Specifically, the shaft includes hollow section 251 that
accommodate pins 252 held in pin openings 253 within the annulus 233 of the
drive connector 226. This connection links the drive feature 220 both axially and
radially to the drive connector 226.

[0042] A coil spring 224 is biased at one end against a front shoulder of the
annulus 233 of the drive feature 226, and at the other end at the rear shoulder
formed within a larger diameter recess 240 within the drive couple 222. The coil
spring biases the drive couple 222 and the sleeve 212, which has a threaded
connection to the drive couple forward relative to the drive feature (or in the
direction toward the drive tip 214). The drive couple 222 has a front nipple 244
that includes external threads 246 that mate with the internal threads 250 within
the bore of the sleeve 212.

[0043] The drive shaft 226 also includes a terminal shaft portion 236, which is
adapted to be received within the recess 238 of the drive handle 228. One
typical connection includes a flat 239 that permits the transmission of torque from
the handle to the drive mechanism. '

[0044] The axial play 243 between the square shaft 230 of the drive connector
230 and the correspondingly sized square boss 232 on the rear face of the drive
feature within the square recess of the drive couple is what defines the
disengagement of the drive mechanism, and forms the essence of the

interference clutch mechanism of the fastener driver of the present invention.
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[0045] The drive feature 220 has a compound recess 255 that includes an
annular groove 256, which accepts a detent spring 218 to hold the replaceable
drive tip unit within the fastener driver. The rear end 257 of the recess 255 is
square and accepts a corresponding square drive shape 264 at the rear end of
the drive shaft 216 of replaceable drive unit 213. Forward of the square section
iIs a drive shaft body 265 which includes an annular groove 218 to also
accommodates the detent spring 218 which is held within the groove 256 in the
wider diameter portion of the compound recess within the drive feature.

[0001] The sleeve 212 includes an internal recess 268 that houses the drive
feature 220 and the shaft 269 of the drive tip unit 213 and ends in an annular flat
surface or nose 275. The shaft 269 of the drive tip unit includes a recess 215 that
IS hexagonal in cross-section so as to accept and transmit torque to the hex-ball
section 272 of the drive tip 214. As is shown in Figures 19 and 20 the dnive tip
includes a section that includes rounded surface 274 that join at ridges 276 to
permit the drive tip to be driven within the recess 215 of the drive tip unit and a
necked portion 277 that accommodates the terminus of the recess 215. Thus, the
drive tip can be driven at a variable angle of conical rotation relative to the drive
axis of the fastener driver. The variable angle of conical rotation is from about 2°
to about 30°, and preferably from about 5° to about 20° and most preferably from
about 7° to about 15°, since the tip is free to float on the rounded surfaces within
the recess. The end 270 of the drive tip Is a tybical drive shape, and while it is
illustrated as hexagonal, can encompass other drive shapes, including for
example, hexalobe, star shape, square, and cross-shaped.

[0046] While in accordance with the patent statutes the best mode and
preferred embodiment have been set forth, the scope of the invention is not

imited thereto, but rather by the scope of the attached claims.
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WHAT IS CLAIMED IS

1. An orthopedic implant system comprising:

an orthopedic implant including an longitudinal axis and a first through
opening defining an implant internal wall with threads and an external surface,
and

a variable angle locking mechanism assembly comprising a locking insert
having an insert internal wall defining an internal second through opening and
having external threads that mate with the threads of the first through opening of
the implant, and a variable angle locking fastener having a portion for attachment
in bone, and a head portion having external threads, the insert internal wall
comprising a material that will deform relative to the material of the external
threads of the head portion of the fastener so that the fastener head will seat in

the locking insert in a locked relation to the implant.

2. The orthopedic implant system as set forth in claim 1 further including a
fixed angle locking fastener and wherein the implant is a plate and the opening in
the plate can optionally accommodate the fixed angle locking fastener or the
locking insert.

3. The orthopedic implant system as set forth claim 1 wherein the insert
further includes an annular flange about the through opening which forms a
shoulder that mates against an external surface of the implant.

4. The orthopedic implant system as set forth in claim 1, wherein the

locking insert is made of peek and the fastener is made of a metal.

5. The orthopedic implant system as set forth in claim 4, wherein the

through opening in the locking insert forms a torque driving recess.

6. The orthopedic implant system as set forth in claim 5, wherein the

through opening has a cross-section that includes flat surfaces.
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7. The orthopedic implant system assembly as set forth in claim 6,
wherein the through opening has a cross-section that forms a polygon having

from 4 to 10 sides.

8. The orthopedic implant system assembly as set forth in claim 6,
wherein the through opening has a cross-section that forms a polygon having
from 4 to 8 sides.

9. The orthopedic implant system as set forth in claim 8, wherein the
polygon is a hexagon.

10. The orthopedic implant system as set forth in claim 1, wherein the
threaded portion of the head has a minor diameter which has a taper and a major
diameter which has a taper and wherein the minor diameter taper is larger than

the taper of the major diameter.

11. The orthopedic implant system as set forth in claim 10, wherein the
difference in the taper of the major diameter to the minor diameter is from about
3° to about 20°.

12. The orthopedic implant system as set forth in claim 11, wherein the

difference in the taper of the major diameter to the minor diameter is from about
5° to about 15°.

13. The orthopedic implant system as set forth in claim 1 further
comprising a variable non-locking fastener which has a rounded head portion

and the head portion does not include external threads.

14. The orthopedic implant system as set forth in claim 1 further including

a fastener driver which has a variable angle drive tip.
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15.  The orthopedic implant system as set forth in claim 14 further
including a fastener driver which has drive mechanism and a clutch mechanism
that will disengage the drive mechanism when the fastener reaches a certain

depth relative to the external surface of the plate about the first through opening.

16.  The orthopedic implant system as set forth in claim 15 wherein the
fastener driver comprises a drive shaft, a drive tip and a drive couple operatively
aligned along a drive axis, the drive couple being resiliently axially biased by a
first force toward the drive tip so as to operatively couple the drive shaft and the
drive tip, and a sleeve which has a recess that receives the drive tip, the sieeve
terminating in an annular surface about the recess whereby a force applied to the
annular surface in an axial direction opposite the direction of the first force will

cause the drive tip to disengage from the drive shaft.

17.  The orthopedic implant system as set forth in claim 16 wherein the

drive tip comprises a replaceable drive tip unit.

18.  The orthopedic implant system as set forth in claim 17 further
including a recess that receives the drive tip unit and a detent which retains the

drive tip unit in the recess.

19.  The orthopedic implant system as set forth in claim 18 wherein the

drive tip resides in a recess in a drive tip unit and the drive tip includes rounded

surfaces joined at drive ridges.

20.  The orthopedic implant system as set forth in claim 19 wherein

the drive tip has a forward drive section, and a rearward hexball.
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