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FIXATION AUGMENTATION DEVICE AND RELATED TECHNIQUES

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of provisional patent application serial number
60/468,829 filed May 8, 2003, the disclosure of which is incorporated herein by reference and
ﬂ%is application is a continuation-in-part (CIP) of patent application serial number 10/246,304
filed on September 18, 2002, which claims the benefit of provisional patent application serial
numbers 60/323,347 filed on September 18, 2001, 60/347,212 filed on January 10, 2002, and
60/374,534 filed on April 22, 2002 the disclosures of which are each incorporated herein by
reference.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

Not Applicable

FIELD OF THE INVENTION

The present invention relates generally to surgical fasteners. More particularly, the
present invention relates to a mounting or anchoring device for use with a screw or bone being
fastened to a bone or other body structure.
BACKGROUND OF THE INVENTION

As is known in the art, fasteners such as screws or pins are commonly used to secure
or mate fractured bone sections. For example, a bone fracture can be held together during the
healing process by means of a fastener such as a surgical screw. Such screws and the manner
in which the screws are selected for use are known.

The process of inserting the screw involves first properly aligning the bone regions to
be secured by the screw. A hole is then drilled through the bone regions. After the hole is
drilled, the hole is tapped. The diameter of the screw to use, the size of the hole to drill, and
the size of the tap are selected in accordance with a variety of well-known factors including
but not limited to the size of the bone as is generally known by those of ordinary skill in the
art,

One problem that arises, however, is that as a screw is being inserted into the hole in
the bone, the screw hole may become stripped and the screw no longer obtains adequate
purchase in the bone. A screw having inadequate purchase is sometimes referred to as a
“spinner.” Reasons for this failure of fixation include poor bone quality, over-tightening of the
screw and an error in the drilling or tapping of the screw hole (e.g. the tap itself cuts a new
hole because the tap does not enter the drilled hole at the proper angle, the drill does not

produce a straight hole, etc...). Other problems can also occur. For example, while the hole
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is being drilled, the fracture may shift which results in the existing hole being in a sub-optimal
position.

One technique for addressing such a problems is to inject a bone cement (e.g.
methylmethacrylate) into the screw hole and re-insert the screw while the bone cement
hardens. This is a cumbersome and time-consuming process and a.lso runs the risk of having
the bone cement travel into the fracture site and impeding bony union. As a result of these and
other risks, this technique is seldom utilized.

Another technique, which is more frequently utilized than the bone cement technique,
is to attempt to drill another hole in a new position. However, this is not always possible due
to a variety of factors including but not limited to the type and location of the bone fracture
being repaired as well as the condition (e.g. quality) of the bone being repaired. A new drill
hole may now create too large a drill hole or a drill hole with too thin a wall adjacent to the
previous hole and again compromise or eliminate effective screw purchase. It is sometimes
necessary to simply accept less than optimal fixation, or in some cases even substandard
fixation, and possibly alter the post-operative rehabilitation plan. This may entail delaying
weight-bearing or early motion and possibly compromising the patient’s outcome.

In some cases, bone plates are used to obtain fixation and are commonly secured to the
bone by screws. The use of bone plates can improve stability of the fractured bone gained by
applying compression across the fracture site. Use of bone plates, however, can also make it
more difficult to deal with spinners since the holes drilled in the bones must also match the
locations of pre-drilled holes in the bone pla;[.es.

Another problem that arises is that osteoporotic bone or bone with abnormally thinned
cortices due to failed fixation or previous infection may not allow lasting screw purchase in the
bone. Thus, a surgical screw may first appear to have adequate purchase but due to bone or
other conditions, the screw fails to maintain adequate screw purchase in the bone over a
requisite period of time. Once the screw loosens in the bone, stability of the fractured bone
gained by applying compression across the fracture site is quickly lost. A number of
techniques for securing screws in a bone plate are deséribed in U.S. Pat. Nos. 5,976,141 and

4,484,570,

SUMMARY OF THE INVENTION
In accordance with the present invention, a Fixation Augmentation Device (FAD)
includes a tubular body or sleeve having a collar disposed on a first end thereof. The sleeve is

provided having an outside diameter selected such that the sleeve fits into a hole drilled in a
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bone. The collar at the first or proximal end of the sleeve prevents advancement of the FAD
into the hole with screw insertion. With this particular arrangement, a device that allows a
surgeon to quickly remove a “spinner” screw and reinsert the screw in a manner such that a
screw which obtains adequate purchase is provided. Furthermore by utilizing the FAD the
originally selected angle of the screw relative to the fracture is maintained. The FAD improves
screw purchase by effectively restoring the appropriate sized hole for screw purchase thereby
giving press fit interference fixation along the inner walls of the drill hole. The outer walls of
the FAD can be ribbed, threaded, fretted or otherwise textured to enhance this fixation. In
addition, the shape of the outer wall of the interference portion allows the FAD to hook over
the bone cortices to further enhance fixation. The FAD thus takes advantage of the tubular
aspect of the bone in order to secure fixation within the bone and outside the bone. The FAD
is designed to allow the screw to obtain secure fixation to the bone in the situations where a
screw has inadequate purchase. The FAD is a relatively simple device which is relatively easy
and inexpensive to manufacture and to use. Furthermore, the FAD adds no significant
operative time to install.

In one embodiment, the FAD can be used with a bone plate}. In such an embodiment,
the collar portion of the FAD ‘is provided having a size and shape which allows the sleeve
portion of the FAD to be inserted mto a hole in a bone through a bone plate. Thus, when the
FAD is used in conjunction with a bone plate, the sleeve portion of the FAD fits through an
opening in the bone plate and is inserted into a hole which has been drilled in a bone while the
collar portion of the FAD fits through the opening in the bone plate but does not fit within the
hole in the bone. The collar portion of the FAD can be provided having a shape which allows
insertion of the FAD through the opening in the plate but which prevents rotation of the FAD
during screw insertion. For example, in the case where the opening in the bone plate is
provided having a round shape, the collar portion of the FAD can be provided having an oval
shape. In this case, the edges of the collar would make interfering contact with the walls of
the plate which define the hole to thereby prevent rotation of the FAD. This would not be
accomplished with a round collar. Small fins beneath the collar can also help to accomplish
this task. The tapered fins are directed radially just beneath the collar portion and cut into the
proximal cortical edge. When a rotational force is applied during screw insertion these radial
fins in the FAD provide a de-rotation mechanism and facilitate the passage of the screw.

In one embodiment, the sleeve portion of the FAD is tapered and the walls of the
sleeve are provided having a slot provided therein. The slots extend through the entire

thickness of the sleeve. The slot may be incorporated on only one sidewall of the device, or
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may extend through the device, thus being incorporated into the sidewall in two places. Asa
screw is inserted into the FAD, the slot in the sleeve portion of the FAD allows the sleeve
portion of the FAD to expand thus pressing the walls of the sleeve into the bone on the inner
walls of the drill hole.

In another embodiment, the FAD includes a flange at the distal end of the sleeve (i.e. at
thevopposite end of the sleeve from the collar). The sleeve portion of the FAD is tapered and
the walls have a slot provided therein. The slots extend through the entire thickness of the
sleeve. The flange portion at the distal end of the FAD hooks over the far side of the distal
cortex as the screw is seated. This is accomplished by the expansion of the sleeve due to the
screw entering the sleeve. The expansion can be enhanced by filling a portion of the distal end
of each inner surface of the sleeve such the outer surface of the distal end of the screw pushes
against the filled inner surface at the distal end of the sleeve. As the screw passes from the
hollow portion of the sleeve into the filled distal end portion of the sleeve it abuts the solid
inner wall which causes further expansion of the distal end and also prevents the flange from
collapsing when pullout stress is applied. This approach further increases pullout strength of
the FAD.

In accordance with a further aspect of the present invention, a bone fixation
augmentation device, for use in a bone having a hole provided therein, includes a first collar
portion adapted to mate to a first surface of a bone, an interference region projecting from the
first collar portion and having a length and a width adapted to produce an interference fit
between a fastener inserted in the hole and a hole wall surface. With this particular
arrangement, a device for improving the purchase of a screw is provided. In one embodiment,
the first collar region is disposed at a first end of the interference region and is disposed on the
surface of the bone at a first end of the hole to secure the interference region in a desired
location within the hole. A second, opposite end of the interference region has a second collar
portion coupled thereto. The second collar portion is adapted to mate to the surface of the
bone at a second, opposite end of the hole. The second collar region secures the interference
region of the FAD in the hole and increases pullout strength of the FAD. In another
embodiment, the FAD includes an anti-rotation structure which prevents the FAD from
rotating within the hole in the bone. The anti-rotation structure can be provided as part of the
first or second collars or as part of the interference region.

In still another embodiment, the interference region is provided having one or more
slots therein to allow expansion of wall which comprise the interference region in response to

a screw passing through the interference region.

4



10

15

20

25

30

WO 2004/100809 PCT/US2004/014640

In still another embodiment, the interference region is provided having ridges or teeth
on an outer surface thereof and one or more slots therein. The slot(s) allow expansion of
walls which comprise the interference region in response to a screw passing through the
interference region and the ridges help secure the FAD within the bone hole.

In still another embodiment, the interference region is provided having threads on an
internal surface thereof. The threads mate with screws to be inserted within the FAD.

In still another embodiment, the interference region includes wings in a portion thereof
which expand in response to a screw passing through the interference region and which secure
the FAD within the bone hole.

In still another embodiment, the interference region includes wings in an end portion
thereof which expand in response to a screw passing through the interference region such that
when the wings are deployed, the wings engage an outer surface of the bone and increase the
pull force required to remove the FAD from the bone hole.

In yet another embodiment, the interference region is provided having portions thereof
such that the interference region corresponds to a spring-like or clip-like structure. The
interference region can also be provided having threads which mate with screws to be inserted
within the FAD.

In accordance with the present invention, a Fixation Augmentation Device (FAD)
includes a tubular body or sleeve having a collar disposed on a first (proximal) end and a
plurality of expandable ﬂanées disposed about a second (distal) end. The FAD allows a screw
to obtain secure fixation to a bone in the situations where a screw or other securement device
may have inadequate purchase. The FAD adds no significant operative time to install.

In accordance with a further aspect of the present invention, a Fixation Augmentation
Device (FAD) includes a tubular body or sleeve having a collar disposed on a first end thereof.
The sleeve is provided having an outside diameter selected such that the sleeve fits into a hole
drilled in a bone. The collar at the first or proximal end of the sleeve prevents advancement of
the FAD mto the hole with screw insertion. The sleeve includes a thread for receiving a
screw. The sleeve includes one or more flanges extending a predetermined distance from a
distal end of the sleeve. The portions of the sleeve defined by the slots are referred to as
flanges. The flanges are displaceable at the point where the flange joins the sleeve. The
flanges are displaced from a closed position to an open position by insertion of the screw. In
use the FAD (with the flanges in a closed position) is inserted into the hole drilled into the

bone. Once the FAD has been positioned within the hole, a screw is inserted into the FAD.
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As the screw is inserted into the sleeve of the FAD, the screw displaces the flanges into an
open position that provides an interference fixation of the FAD within the hole.

The FAD is designed to allow the screw to obtain secure fixation to the bone in the
situations where a screw has inadequate purchase. The FAD is also removable by removing
the screw and pulling the FAD out of the hole. The flanges are collapsible back to the closed
position thereby allowing the FAD to be' readily removed. The FAD adds no significant
operative time to install.

In one embodiment, the FAD is used with a bone plate. In such an embodiment, the
“collar portion of the FAD is provided having a size and shape that allows the sleeve pbrtion of
the FAD to be inserted into a hole in a bone through a bone plate. Thus, when the FAD is
used in conjunction with a bone plate, the sleeve portion of the FAD fits through an opening in
the bone plate and is inserted into a hole which has been drilled in a bone while the collar
portion of the FAD fits through the opening in the bone plate but does not fit within the hole
in the bone. The collar portion of the FAD can be provided having a shape which allows
insertion of the FAD through the opening in the plate but which prevents rotation of the FAD
during screw insertion. For example, in the case where the opening in the bone plate is
provided having an oval shape, the collar portion of the FAD can be provided having an oval
shape. In this case, the edges of the collar would make interfering contact with the walls of
the plate that define the hole to thereby prevent rotation of the FAD. This would not be
accomplished with a round collar.

In another embodiment, the FAD is again used with a bone plate however, this
arrangement is different than the one described above. In this embodiment, the FAD is
inserted into the bone and the bone plate is placed on top of the FAD. The hole in the bone
plate is aligned with the hole of the FAD, and a screw is inserted through the hole in the bone
plate and into the FAD to securely attach the bone plate to the FAD wile also securely affixing
the FAD within the hole in the bone.

In yet another embodiment, a locking plate is used in combination with a FAD. The
locking plate features a tapered‘ threaded hole which receives a FAD provided with external
threads which mate with the threads of the hole. The FAD may be configured such that a fully
inserted FAD has it’s top surface aligned with a top surface of the locking plate. In an
alternate embodiment the FAD may be configured such that a fully inserted FAD has it’s top
surface recessed below the top surface of the locking plate. In still another embodiment, the
FAD could be configured to a locking plate with a straight threaded hole as well as the tapered

hole mentioned above.
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In yet another embodiment the FAD is provided with an extemal thread for securing
the FAD within a bone plate and is further provided with a slot in the inner surface of the
collar. The slot accepts a flat screw driver blade and can be used to remove the FAD from a
bone plate.

In still a further embodiment the FAD is integral with a bone plate. The device could

include multiple FAD portions, all integrated with the bone plate into a single device.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be more fully understood from the following detailed description
taken in conjunction with the accompanying drawings, in which:

FIG. 1A is a diagram of a first embodiment of a FAD;

FIG. 1B is a cross-sectional view of the FAD of FIG. 1A;

FIG. 1C is a top view of the FAD of FIG. 1A;

FIG. 2 is a diagram of a second embodiment of a FAD;

FIG. 3A is a diagram of a third embodiment of a FAD;

FIG. 3B is a side view of the FAD of FIG. 3A;

FIG. 4A is a side view of a fourth embodiment of a FAD;

FIG. 4B is a cross-sectional view of the FAD of FIG. 4A with a screw inserted therein;

FIG. 5 is a side view of a fifth embodiment of a FAD;

FIG. 6A is a side view of a sixth embodiment of a FAD;

FIG. 6B is a side view of the FAD of FIG. 6A with a screw inserted‘therein;

FIG. 7A is a side view of a seventh embodiment of a FAD;

FIG. 7B is a side view of the FAD of FIG. 7A with a screw inserted therein;

FIG. 8 is a diagram showing a tool used for insertion of a FAD into a bone;

FIG. 9A is an isometric view of the FAD of the present invention in a closed position;

FIG. 9B is an isometric view of the FAD of FIG. 9A in an open position;

FIG. 9C is a side view of the FAD of FIG. 9B;

FIG. 9D is a cross-sectional side view of the FAD of FIG. 9B taken across lines 9D-
9D of FIG. 9B;

FIG. 9E is a top view of the FAD of FIG. 9B;

FIG. 9F is a bottom view of the FAD of FIG. 9B;

FIG. 9G is an enlarged view of a portion of the FAD shown in FIG. 9D taken along
lines 9G-9G;
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FIG. 10 is a cross-sectional side view of a FAD having threads extending there
through;
FIG. 11 is a side view of a third embodiment of a FAD;
FIG. 12A is a side view of a collar having a tapered upper surface;
FIG. 12B is a top view of the FAD of FIG. 12A;
FIG. 13A is an isometric view of a fourth embodiment of a FAD in a closed position;
FIG. 13B is an isometric view of the FAD of FIG. 13A in an open position;
FIG. 13C is a top view of the FAD of FIG. 13B;
FIG. 13D is a cross-sectional side view of the FAD of FIG. 13B taken along lines
13D-13D in FIG. 13C;

FIG. 14A 1s a isometric view of a further embodiment of a FAD having a collar slot;
FIG. 14B is an isometric view of a second embodiment of a FAD having a collar slot;
FIG. 14C is a top view of the FAD of FIG. 14B;
FIG. 14D is a side view of a third embodiment of a FAD having a collar slot;
FIG. 15 is an exploded view of the FAD being used with a bone plate;
FIG. 16 is an exploded view of a second arrangement of a FAD used with a bone plate;
FIG. 17A is a cross-sectional side view of a locking plate and FAD;
FIG. 17B is a cross-sectional side view of the locking plate and recessed FAD; and
FIG. 18 is side view of a FAD integrated with a bone plate.
FIGs. 19A and 19B are isometric views of a FAD having a release-cam mechanism;;
FIG. 19C is a cross-sectional side view of the FAD of FIGs. 19A and 19B;
FIG. 19D is a cross-sectional view taken across lines 19D-19D of FIG. 19C;
FIG. 19E is a cross-sectional view taken across lines 19E-19E of FIG. 19C;
FIG. 19F is a side view of the expanded portion of the FAD of FIG. 19C;
FIG. 19G is a side view of the tab portion of the FAD of FIG. 19C; and

FIG. 20 is a cross-sectional view of a FAD mserted in a bone.

DETAILED DESCRIPTION OF THE INVENTION

In accordance with the present invention, a Fixation Augmentation Device (FAD)
includes a tubular body or sleeve having a collar disposed on a first end thereof. The sleeve is
provided having an outside diameter selected such that the sleeve fits into a hole drilled in a
bone. The collar at the first or proximal end of the sleeve prevents advancement of the FAD

into the hole with screw insertion. With this particular arrangement, a device that allows a
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surgeon to quickly remove a “spinner” screw and reinsert the screw in a manner such that a
screw which obtains adequate purchase is provided.

The FAD allows a surgeon to quickly remove a “spinner” screw and reinsert the screw
in a manner such that the screw obtains adequate purchase is provided. Furthermore by
utilizing the FAD the originally selected angle of the screw relative to the fracture is
maintained. The FAD improves screw purchase by effectively restoring the appropriate sized
hole for screw purchase thereby giving press fit interference fixation along the inner walls of
the drill hole. The shape of the walls of the FAD further enhance fixation by hooking over one
or more cortices of the bones after screw insertion. The FAD is designed to allow the screw
to obtain secure fixation to the bone in the situations where a screw has inadequate purchase.
The FAD is a relatively simple device which is relatively easy and inexpensive to manufacture
and to use. Furthermore, the FAD adds no significant operative time to install.

Referring now to FIGs. 1A-1C, a bone Fixation Augmentation Device (FAD) 10
includes a tubular body or sleeve 10 corresponding to an interference region. The sleeve 10
has a collar 20 disposed on a first end thereof. The sleeve 10 is provided having an outside
diameter selected such that the sleeve fits into a hole drilled in a bone. The collar at the first
or proximal end of the sleeve prevents advancement of the FAD into the hole with screw
insertion. A first interference region 40 is provided as part of the sleeve 20. Upon insertion of
a screw 70 into core 30 of the sleeve 20, the first interference region (flange) 40 expands into
the hollow part 90 of the bone, providing secure fixation of the FAD to the inner cortex
portions 80 of the bone. The angled sidewalls of the interference ‘region and the flange are
provided such that the FAD may be removed from the hole in the bone if desired. Removal of
the screw allows the flange sidewalls and interference region sidewalls to collapse such that
the FAD can be removed. A flange 50 is disposed on a second end of the sleeve 20. Upon
insertion of screw 70 into core 30 of the sleeve 20, the flange 50 expands along the outer
cortex 80 of the bone, providing secure fixation of the FAD to the outer cortex portion 80 of
the bone.  The interference region and flange can be provided having one or more slots 60
therein to allow expansion of the wall which comprises the interference region and flange in
response to a screw passing through the interference region. The slots extend through the
entire thickness of the sleeve. As a screw is inserted into the FAD, the slot in the sleeve
portion of the FAD allows the sleeve portion of the FAD to expand thus pressing the walls of
the sleeve into the bone on the inner walls of the drill hole.

 The expansion of the flange portion of the sleeve can be enhanced by filling a portion

of the distal end of each inner surface of the sleeve such the outer surface of the distal end of
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the screw pushes against the filled inner surface at the distal end of the sleeve. As the screw
passes from the hollow portion of the sleeve into the filled distal-end portion of the sleeve it
abuts the solid inner wall which causes further expansion of the distal end and also prevents
the flange from collapsing when pullout stress is applied. This approach further increases
pullout strength of the FAD.

A second embodiment of a FAD 110, is shown in FIG. 2. The FAD 110 has a similar
structure as FAD 10. FAD 110 includes a collar 120, a core 130, an interference region 140, a
flange portion 150 and a slot 160. = Operation of FAD 110 is similar to the operation of FAD
10 described above. FAD 110 clips into place in a bone hole. Slot 160 allows for the ends of
the FAD to adequately clip into place.

Referring now to FIGs. 3A-B, another embodiment 310 of a FAD is shown. In this
embodiment the interference region is provided having a plurality of ridges or teeth 330 on an
outer surface thereof The ridges 330 help secure the FAD within the bone hole. FAD 310
further includes wings 370 in the interference region which expand in response to a screw
passing through the interference region and which secure the FAD within the bone hole. The
outer walls of the FAD 310 can be ribbed, threaded or fretted to enhance the fixation of the
device within the bone hole. Further the outer surface of the collar can also be ribbed,
threaded or fretted to enhance the fixation of the device. As shown in to FIG. 3B, the
nterference region includes wings 375 in an end portion thereof which expand in response to a
screw passing through the interference region such that when the wings are deployed, the
wings engage an outer surface of the bone and increase the pull force required to remove the
FAD 310 from the bone hole.

Referring now to Figs 4A-B, an embodiment of another Fad 410 is shown. This
embodiment uses a “clip” style body having an aperture 430 disposed most of the way
through. The aperture 430 includes a threaded region 470 along an inner wall. The threaded
region helps secure a screw in the body to provide an expanding wedge type fit within the
bone hole. A collar region 420 is disposed at a first end of the body and is disposed on the
surface of the bone at a first end of the hole to secure the body in a desired location within the
hole. A second, opposite end of the interference region has a second collar portion 450
coupled thereto. The second collar portion is adapted to mate to the surface of the bone at a
second, opposite end of the hole. The second collar region helps secure the FAD 410 in the
hole and increases pullout strength of the FAD.

FIG. 5 shows a FAD useful for smaller holes. FAD 510 is are provided from a single
member which fills only a portion of a hole in a bone. FAD 510 includes collar 520 and 550
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on opposing ends thereof. The FAD 510 may also have threads 570 provided therein. This
FAD 510 function in a similar manner as those described above with respect to FIGs. 4A-B.

Referring now to FIGs. 6A-B, a “split” FAD 610 is shown. This FAD 610 is
comprised of two complimentary pieces 611 and 612, each piece representing approximately
half of the FAD. Alternately, the Fad can be comprised as a single piece which splits into two
pieces upon insertion of screw 670. Each piece includes a respective collar portion 620,
interference region 640 and flange region 650. The FAD is inserted into the bone hole, and
upon insertion of a screw 670 the pieces 611 and 612 are separated and provide interference
fit of the screw within the bone hole. The operation of the FAD 610 in other respects is
similar to that of Figs 1A-C described above.

Referring now to FIGs. 7A-B, a telescoping FAD 710 is shown. This FAD 710
includes a distal portion 730 and a proximal portion 740. The two portions 730 and 740 are
provided having geometries such that the portions can telescope (e.g. the distal portion can
move into the proximal portion). Screw insertion pulls the distal portion 730 into the proximal
portion 740 causing expansion of the proximal portion. Flared out edges of the proximal
portions provide the FAD having improved fixation at the proximal cortex on the
mtramedullary side. A slot 760 expands upon insertion of screw 770 and flange 750 provides
for secure engagement of the FAD within the bone hole. As shown in FIG. 8A, prior to
engagement of the FAD 710, a fracture line 790 of a bone is uncompressed. In FIG. 8B, after
msertion and engagement of the FAD 710, the fracture line 790 is compressed.

Referring now to FIG. 8, an apparatus 810 for holding a FAD during a FAD or screw
insertion process includes a handle 820 and a body 830 coupled to the handle. The body 830
is adapted to hold a FAD while the FAD is inserted in a bone hole. The body holds the FAD
in a manner which still allows insertion of a screw into the FAD. In one embodiment, the body
is provided having a hole therein through which the screw can be inserted into the FAD. The
apparatus can also include a FAD anti-rotation structure which minimizes FAD or even
prevents FAD rotation which can occur when a screw is inserted into the FAD.

The procedure for FAD installation will now be described. Once the surgeon realizes
that he/she has either sub-optimal fixation or a sub-optimally positioned drill hole, the hole is
over drilled utilizing an appropriately sized larger drill (i.e. 4.0 mm drill for a 3.5 mm cortical
screw). The FAD length corresponding to the selected screw length is then placed onto the
FAD inserter and placed securely into the drill hole. Now the screw is inserted into the FAD.
As the screw advances the walls of the FAD expand giving interference fixation to the bone

along the inner walls of the drill hole. In addition, the expansion allows the FAD to hook over
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the inner side of the cortex with the flange at the central portion of the interference region.
The FAD expands even further at the distal end and deploys the distal flange over the edge of
the distal cortex, increasing the fixation to the bone. Once the screw is fully seated, secure
fixation is once again established.

In one embodiment, the FAD can be used with a bone plate. In such an embodiment,
the collar portion of the FAD is provided having a size and shape which allows the sleeve
portion of the FAD to be inserted into a hole in a bone through a bone plate. Thus, when the
FAD is used in conjunction with a bone plate, the sleeve portion of the FAD fits through an
opening in the bone plate and is inserted into a hole which has been drilled in a bone while the
collar portion of the FAD fits through the opening in the bone plate but does not fit within the
hole in the bone. The collar portion of the FAD can be provided having a shape which allows
insertion of the FAD through the opening in the plate but which prevents rotation of the FAD
during screw insertion. For example, in the case where the opening in the bone plate is
provided having a round shape, the collar portion of the FAD can be provided having an oval
shape. In this case, the edges of the collar would make interfering contact with the walls of
the plate which define the hole to thereby prevent rotation of the FAD. This would not be
accomplished with a round collar. Small fins beneath the collar also help to accomplish this
task.

Although, in the above examples the FAD collar portion is provided having an oval
shape, it should be appreciated that any shape, including but not limited to rectangular,
triangular, polygonal or even irregular shapes can be used. The particular shape with which to
provide the collar portion of the FAD depends upon a variety of factors including but not
limited to the size and shape of the opening in the bone plate, the size of the FAD, the strength
required to withstand forces applied to the collar portion of the FAD and the materials from
which the bone plate and FAD are manufactured.

Referring now to FIGs. 9A — 9G in which like elements are provided having like
referable designations throughout the several views, a first FAD 901 includes a tubular body
or sleeve portion 902. The sleeve 902 has a collar 904 disposed on a first end thereof. Collar
904 preferably has a generally oval shape that prevents rotation of the device when inserted
into a bone plate or to allow a surface for a tool to use during the insertion of the device 901
or during insertion of a screw into the device 1. The sleeve 902 is provided having an outside
diameter D; (FIG. 9D) selected such that the sleeve fits into a hole drilled in a bone. The
collar 904 at the first or proximal end of the sleeve 902 prevents advancement of the FAD 901

into the hole with screw insertion. The second end of tube 902 has one or more flanges 908
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coupled thereto. In the exemplary embodiment of FIGs. 9A-9G, device 901 is shown having
four flanges 908. Those of ordinary skill in the art will appreciate of course that device 901
could include fewer or more than four flanges 908. Surfaces 910 (FIG. 9B) of the flanges 908
are angled to allow the flanges to be placed in both an open position (FIG. 9B) and a closed
position (FIG. 9A).

Upon insertion of a screw into core 906 of the sleeve 902, flanges 908 expand (as
shown in FIG. 9B), providing secure fixation of the FAD 901 to the bone. The angled
sidewalls 910 of the flanges 908 also allow the FAD 901 to be removed from the hole in the
bone if desired. The screw is preferably withdrawn from the FAD 901 by an amount which
allows the flanges 908 to collapse by an amount which allows the FAD 901 to be removed.
This can be accomplished by partially unscrewing the screw from the FAD by an amount
which allows the flanges to close by an amount sufficient to allow the FAD to be withdrawn
from the bone. This amount may be a full collapse of the flanges back into the closed position.
Or, it may be a partial collapse of the flanges to less than the fully closed position by an
amount which still allows the FAD to be removed. Thus, in this case, the screw is not totally
removed from the FAD. In some cases, however, it.may be desirable or necessary to fully
removed the screw from the FAD to allow the FAD to be removed.

Referring now in particular to FIG. 9D additional features of the FAD 901 are shown.
The FAD includes a thread 912 for receiving a screw therein. Thread 912 is preferably located
at the distal end of body 902 and proximate flanges 908. In one embodiment, the thread 912
is located to account for a “run-in” region of a screw.

As shown in FIG. 9G, a first surface 912a of thread 912 is spaced by a predetermined
distance D, from a first surface 904a of the collar 904 and a second surface 912b of thread
912 is spaced by a predetermined distance D; from the first surface 904a of the collar 904. In
one embodiment, for an overall device length of about .294 inches, the distances D1 and D2
correspond to about .090 inches and about .137 inches respectively, flange lengths L, (Fig.
9C) correspond to about 157 inches and slot openings S; (FIG. 9C) are about .039 inches and
Sz (FIG. 9C) about .080 inches. Other lengths, diameters and slot sizes may, of course, also
be used. The particular length aﬁd overall upper (i.e. collar) and lower (i.e. flange) diameters
to be use i any particular application will be determined in accordance with a variety of
factors including but not limited to the length and diameter of screws being inserted.
Likewise, the particular size of slot openings to be used in any application will be determined
in accordance with a variety of factors including but not limited to the length and overall

diameter of the FAD as well as the length and diameter of screws being inserted into the FAD.

13



10

15

20

25

30

WO 2004/100809 PCT/US2004/014640

Also, the FAD 901 is provided having a lower flange diameter D, (FIG. 9F) in the range of
about .254 inches and a flange having a length F, between flat section of about .165 inches and
aradius R of about .0825 inches and a length L; of about .207 inches

In another embodiment, for an overall device length of about .304 inches, the distances
D, and D; correspond to about .104 inches and about .147 inches respectively.'

In still another embodiment, for an overall device length L of about .508 inches, the
distances D, D, D; and Dy (FIG. 9F) correspond to about .181 inches, .144 inches, .274
inches and about .312 inches respectively; and the distances 1.2 and L3 are about .234 and
about .300, respectively.

Also shown in FIG. 9G is a junction area 916 where a flange 908 joins and emanates
from body 902. Junction area 916 serves as a hinge or pivot point for the flanges 908. The
junction area 916 is preferably sized to allow the flange 908 to be displaced from a closed
position to an open position, and also to allow the flange 908 to be returned to the closed
position from the open position. If this area is too thick, a relatively large amount of force will
be required to cause the flange to open and thus it will be difficult to insert the screw. It will
also be difficult to remove the FAD once the screw is removed. On the other hand, if the
junction area is too small, there is a likelihood of the junction breaking, resulting in the device
becoming unusable. The junction area 916 is preferably provided having a generally curved
outer surface 917 and a generally curved inner surface 918 to reduce an occurrence of sharp
bend points that could compromise the structure integrity of the junction. One exemplary
junction area 916 is shown in FIG. 9G.

The flanges 908 are designed to meet several criteria. While the number of flanges 908
shown in the drawings is four, any number of flanges 908 could be used depending up on the
application requirements. The size of the flanges 908 are determined such that when the
flanges 8 are in the closed position (as shown in FIG. 9A) the flanges 908 can be inserted into
a hole which has been prepared in the bone while still providing a sufficient interference fit
within the hole after a screw is inserted within the device 901. The shape of the flanges 908 is
also selected to allow sufficient interference fit when deployed (FIG. 9B), and further to allow
the device 901 to be removed with minimal stress being placed on the bone.

An alternate embodiment of a FAD 1020 is shown in FIG. 10. In this embodiment the
FAD 1020 includes a body 1022, collar 1024, core 1026, flanges 1028 and junction points
1034 which may be similar to those described above in conjunction with FIGs. 9A-9G. FAD
20 has threads 32 éxtending substantially the length of the opening 1026. Thus, when a screw
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is inserted into FAD 1020, the screw remains in threaded engagement with the flanges 28 as
they are deployed from a closed position tc; an open position.

Another alternate embodiment is shown in FIG. 11. In this embodiment, the FAD
1140 has a similar body 1142, collar 1144, core 1146, flanges 1148 and junction points 1152
as that of the FAD 901 described above in conjunction with FIGs. 9A - 9G. The flanges 1148
in FAD 1140 have an engagement portion 1148 including a generally semi-circular shaped
outer wall surface 1150. The outer wall surface 1150 provides for secure fixation of the
device within a bone or plate since the semi-circular shaped ends can fit over an outer surface
of the bone or plate the FAD 1140 is being affixed to.

Referring now to FIGs. 12A and 12B, a collar 1262 of FAD 1260 is shown which is
preferably used with a type of bone plate known as a compression plate (CP) which may, for
example, be provided as Dynamic Compression Plate. A CP has one or more holes for
receiving a screw wherein the inner surface of the screw hole has a sloped surface such that as
a screw is inserted, the plate compresses the bone together. Collar 1262 of FAD 60 features a
sloped collar surface 1264 about core 1270 to match the sloped inner surface of a hole in the
CP. The outer edge portion 1268 has a larger cross-sectional area than outer edge portion
1266, thus providing a slope region for collar 1262.

Referring now to FIGs. 13A — 13D, a fourth embodiment of a FAD 1370 is shown.
FAD 1370 includes a tubular body or sleeve 1372. The sleeve 1372 has a collar 1374
disposed on a first end thereof Collar 1374 preferably has a generally oval shape that
prevents rotation of the device when inserted into a bone plate or to allow a surface for a tool
to use during the insertion of the device or during insertion of a screw into the device. A
generally oval shoulder section 1384 is shown extending from the collar 1374. Shoulder 1384
has a tapered outer wall surface 1384a (FIG. 13D) and a tapered inner wall surface 1384b.
FAD 1370 is preferably used with a bone plate, wherein the collar 1374 extends through a
hole in the bone plate while shoulder 1384 extends into and engages an inner surface of the
hole in the bone plate. The FAD 1370 is inserted into the bone plate hole and into the bone
hole. When a screw is inserted into FAD core 1378, the FAD 1370 is securely engaged with
the bone plate by way of shoulder 1384, while FAD 1370 itself is secured to the bone hole by
flanges 1380.

A FAD may be provided having a bone in-growth treatment 1381 applied thereto. The
bone in-growth treatment 1381 could be a coating that is applied to the FAD, such as
hydroxyapatite or could be realized as a treatment which is performed on the FAD to result in

a textured surface which promotes bone in-growth to aid in securing the FAD to the bone
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structure. The bone in-growth treatment 1381 could be applied to at least a portion of one or
more flanges 1382, at least a portion of the collar 1376, at least a portion of the sleeve 1372 or
a combination thereof. The use of a FAD having a bone in-growth treatment 1381 applied
thereto is particularly useful in scenarios where the bone may not have a large amount of mass
for a FAD to attach to or where the FAD will be used as part of a structure that may support a
lot of movement or weight, for example in securing a replacement hip socket to a pelvic bone.

The sleeve 1372 is provided having an outside diameter selected such that the sleeve
fits into a hole drilled in a bone. The collar at the first or proximal end of the sleeve prevents
advancement of the FAD 1370 into the hole with screw insertion. Upon insertion of a screw
mto core 1378 of the sleeve 1372, flanges 1380 expand (as shown in FIG. 13B), providing
secure fixation of the FAD 1370 to the bone. The angled sidewalls 1382 of the flanges 1380
are provided such that the FAD 1370 may be removed from the hole in the bone if desired.
Removal of the screw from the FAD 1370 allows the flanges 1380 to be collapsed such that
the FAD 1370 can be removed.

Referring now in particular to FIG. 13D additional features of the FAD 1370 are
shown. The FAD 1370 includes a thread 86 for receiving a screw therein. Thread 1386 is
preferably located at the distal end of body 1372 and proximate flanges 80. The position of
the thread 1386 from the collar 1384 is selected to accommodate the run-in of the screw
thread beneath the screw head and then the thread 1386 on the inner wall is preferably
provided as short as possible to minimize the length of the tube portion. It could, in some
applications, be desirable to lengthen the tube portion (e.g. as shown in Fig 11) so then the
thread position may not be close at all to the flange. The "run-in" length assumes use with
current bone screws but conceivably a screw with a minimal, or essentially no run-in, could be
used in conjunction with the FAD. Also shown in FIG. 13D is the junction area 1388 where a
flange 1380 emanates from body 1372.

This junction area 1388 serves as the hinge or pivot point for the flanges 1380. The
junction area is preferably sized and located relative to the flanges to allow the flanges to be
displaced from a closed position to an open position, and also to allow the flanges to be
returned to the closed position from the open position. Specifically, the thickness of the wall
in the junction area should preferably be selected to allow the flanges 1380 to move from a
closed position to an open position and then back to a lclosed position again if necessary. If
the junction area is too thick, it will be difficult to insert the screw and to obtain the desired
purchase within the bone and it will also be difficult to remove the FAD once the screw is

removed. On the other hand, if the junction area is too small, there is a likelihood of the
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junction breaking, resulting in the device becoming unusable. The junction area 1388 is
preferably provided having a generally curved outer surface and a generally curved inner
surface to reduce an occurrence of sharp bend points that could compromise the junction.

The flanges 1380 are designed to meet several criteria. While the number of flanges
shown in the drawings is four, any number of flanges could be used depending on the
application requirements. The size of the flanges are determined such that when the flanges
are in the closed position the flanges can be inserted into the drill hole while still providing a
sufficient interference fit within the hole of the bone when a screw is inserted within the
device. The shape of the flanges is also selected to allow sufficient interference fit when
deployed, and further to allow the device to be removed with minimal stress being placed on
the bone.

Referring now to FIG. 14A, another embodiment of a FAD 1490 is shown. The FAD
in this embodiment is similar to FAD 1370 described above in connection with FIGs. 13A-13D
above and has some additional features. FAD 1490 includes a sleeve 1492, a core 1494,
flanges 1496 and a collar 1498, generally similar to the FADs described above in conjunction
with Figs. 9A-13D. Collar 1498 is provided with an external thread 100 which is used to
attach the FAD to a bone plate and to prevent the FAD from rotating within the bone or bone
plate when a screw is inserted into the core 1494. Collar 1498 is also provided with a flat
outer surface portion 14102. This flat outer surface portion 14102 provides a place for an

'anti-rotation device to secure the FAD while a screw is removed from core 1494.  Collar
1498 further includes a slot 14104 disposed across an inner surface of the collar 1494. The
slot 14104 accommodates a flat blade of a screw driver. A screw driver can be used to rotate
the FAD 1490 by way of slot 14104 to unlock the FAD from the bone plate, such that the
FAD 1490 could then be removed.

Referring now to FIGs. 14B and 14C, a FAD 1490’ is shown. FAD 1490’ is similar to
Fad 1490 and includes a sleeve 1492, a core 1494, flanges 1496 and a collar 1498, Collar
1498’ is also provided with an external thread 14100 which is used to attach the FAD to a
bone plate and to prevent the FAD from rotating within the bone or bone plate when a screw
is inserted into core 1494. Collar 1498 further includes a slot 14104 disposed across an inner
surface of the collar 1494. Collar 1498’ is provided with multiple flat outer surface portions
14102. These multiple flat outer surface portions provide a place for an anti-rotation device to
secure the FAD while a screw is removed from core 1494,

Referring now to FIG. 14D, a FAD 1490 is shown. FAD 1490’ is similar to Fad
1490 and includes a sleeve 1492, a core 1494, flanges 1496 and a collar 1498. Collar 1498 is

17



10

15

20

25

30

WO 2004/100809 PCT/US2004/014640

provided with an external thread 14100 which is used to attach the FAD to a bone plate and to
prevent the FAD from rotating within the bone or bone plate when a screw is inserted into
core 1494, Collar 1498 further includes a slot 104 disposed across an inner surface of the
collar 1494. Collar 1498 is provided with multiple flat outer éurface portions 14102. These
multiple flat outer surface portions provide a place for an anti-rotation device to secure the
FAD while a screw is removed from core 1494, In this embodiment the collar includes a
tapered outer surface portion 14106. The tapered outer surface portion 14106 is used for
mating with a bone plate having a hole with a corresponding tapered or counter-sunk inner
surface.

The FADs described herein are preferably comprised of stainless steel although other
materials such as titanium or a bio-absorbable material having acceptable mechanical
properties could be used. Also, plastics such a polymethylmethacrylate (PMMA) or other
biocompatible plastics can also be used. Although in the examples provided herein the FAD
collar portion is sometimes provided having a circular or oval shape, it should be appreciated
that any shape, including but not limited to rectangular, triangular, polygonal or even irregular
shapes can be used. The particular shape with which to provide the collar portion of the FAD
depends upon a variety of factors including but not limited to the size and shape of the
opening in the bone plate, the size of the FAD, the strength required to withstand forces
applied to the collar portion of the FAD and the materials from which the bone plate and FAD
are manufactured.

The FAD can be used with a bone plate. In such an embodiment, the collar portion of
the FAD is provided having a size and shape that allows the sleeve portion of the FAD to be
inserted nto a hole in a bone through a bone plate. Thus, when the FAD is used in
conjunction with a bone plate, the sleeve portion of the FAD fits through an opening in the
bone plate and is inserted into a hole which has been drilled in a bone while the collar portion
of the FAD fits through the opening in the bone plate but does not fit within the hole in the
bone. The collar portion of the FAD can be provided having a shape which allows insertion of
the FAD through the opening in the plate but which prevents rotation of the FAD during
screw insertion. For example, in the case where the opening in the bone plate is provided
having an oval shape, the collar portion of the FAD can also be provided having an oval shape.
In this case, the edges of the collar would make interfering contact with the walls of the plate
that define the hole to thereby prevent rotation of the FAD. This would not be accomplished

with a round collar.
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Referring now to FIG. 15, once it is required that a FAD is required (e. g. because a
surgical screw fails to provided a desired or adequate purchase (or fastening strength), then
one possible procedure for FAD installation includes aligning a bone plate over a bone, using
existing holes in the bone plate as a guide to drill one or more holes into (and partially or fully)
through the bone. With the bone plate aligned over the holes, the FAD is disposed through
the hole in the bone plate and into the hole which was drilled in the bone. A screw 15118 is
then inserted through the hole 15116 in the bone plate 14114 and into the FAD 901. As the
screw advances, the flanges of the FAD 901 expand giving interference fixation to the bone
along the inner walls of the drill hole 15112. Once the screw 15118 is fully seated, secure
fixation of the bone plate 15114 to the bone 15110 is established.

Another possible procedure for FAD installation includes is described. Once a surgeon
or other medical practitioner has determined that a FAD is required, a hole 15112 is drilled
into bone 15110 utilizing an appropriately sized drill for the FAD 901 being used. The FAD
901 is then placed into the drill hole 15112. The bone plate 15114 is then positioned on bone
15110 such that the hole 15116 in bone plate 15114 is aligned with the hole in FAD 901.
Once aligned, a screw 15118 is inserted through the hole 15116 in bone plate 15114 and into
the FAD 901. As the screw advances, the flanges of the FAD 901 expand giving interference
fixation to the bone along the inner walls of the drill hole 15112. Once the screw 15118 is
fully seated, secure fixation of the bone plate 15114 to the bone 15110 is established.

Referring now to FIG. 16, an alternate procedure for FAD installation is shown. Once
the sufgeon has determined that a FAD is required, a hole 16122 is drilled into bone 16120
utilizing an appropriately sized drill for the FAD 901 being used. The bone plate 16124 is then
positioned on bone 16120 such that the hole 16126 in bone plate 16124 is aligned with the
hole 16122 in the bone 16120. The FAD 901 is then placed into and extending through the
hole 16126 of bone plate 16124 and into the drill hole 16122 of bone 16120. A screw 16128
is inserted into the FAD 901. As the screw advances, the flanges of the FAD 901 expand
giving interference fixation to the bone along the inner walls of the drill hole 16122. Once the
screw 16128 is fully seated, secure fixation of the bone plate 16124 to the bone 16120 is
established.

Referring now to FIG. 17A an embodiment of a FAD 17130 used with a locking plate
17132 is shown. Locking plate 17132 is similar to bone plate 17124 shown in FIG. 16, except
that the hole 17136 in locking plate 17132 has threaded, tapered side walls 17134. The
threaded tapered side walls 17134 mate with a threaded external surface 17138 of FAD
17130. In this embodiment the FAD 17130 is inserted into the hole 17136 and rotated a
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predetermined amount to securely mate the FAD 17130 within the locking plate 17132. As
shown, a top surface of the inserted FAD 17130 is generally coplanar with the top surface of
the locking plate 17132.

Referring now to FIG. 17B an embodiment of a FAD 17142 which is also used with a
locking plate 17132 is shown. The threaded tapered side walls 17134 of hole 17136 in locking
plate 17132 mate with a threaded external surface 17138 of FAD 17142. In this embodiment
the FAD 17142 is inserted into the hole 17136 and rotated a predetermined amount to
securely mate the FAD 17142 within the locking plate 17132. A top surface of the inserted
FAD 17142 is recessed within hole 17136. This allows for a screw (not shown) inserted into
FAD 17142 to have it’s top surface be generally co-planar with the top surface of locking
plate 17132 when the screw is completely inserted into the FAD 17142.

Referring now to FIG. 18, a device 17150 is shown which comprises at least one FAD
portion and a bone plate portion integrated together as a single unitary device. The device
17150 includes a bone plate portion 17152 and one or more FAD portions 17154. A FAD
portion 17154 includes a sleeve 17156, flanges 17158, and a core 17160. This device 17150
replaces a combination of a bone plate and separate FAD devices with a single unitary device
providing similar functionality.

Referring now to FIGs. 19A - 19H in which like elements are provided having like
reference designations throughout the several views, another embodiment of a FAD 19190 is
shown. The FAD in this embodiment is similar to FAD 1490 described above in conjunction
with FIGs. 14A - 14D but has some additional features including a release cam lock
mechanism as will be described below. The FAD 19190 includes a sleeve 19192, a core
19194, flanges 19196 and a collar 19198, generally similar to FADs described above and a
release cam lock mechanism 19200.

The Collar 19198 is provided having a pair of openings 19202. The openings 19202
are provided having a size and shape selected to accept a removal tool. In this particular
example, the openings 19202 are provided having a rectangular-slot shape which accepts a flat
tip of a removal tool. This aids in placing the device 19190 in proper alignment within a bone
plate hole during insertion and removal of the device 19190.

During initial insertion of the device 19190 in a bone plate having an oval hole, the
holes 19202 are aligned with the major (i.e. the longer) axis of the oval hole of the plate. This
alignment insures that the device 19190 will seat properly in the bone plate during insertion as
it is aligned with the oval shape of the locking mechanism 19200 beneath the collar 19198.

With screw insertion and seating, the device 19190 rotates into a locked position on the plate
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and the holes 19202 show the orientation of the device 19190 to have rotated in the direction
of the minor (i.e. the shorter) axis of the oval hole in the bone plate. A

If the device 19190 and a screw have been inserted and it is desired to remove them,
during the removal process the screw is withdrawn (either partially of fully) and once the
screw is withdrawn from the device, the removal tool can be used to re-orient the openings
19202 of the device 19190 so they are once again aligned with the major axis of the oval hole
in the bone plate. This insures that the device 19190 is no longer locked onto the plate and
can be safely removed. ’

Flat surfaces 19204 on the collar 19198 are present to allow use of an anti-rotation
tool if needed during supplement insertion and removal. The anti-rotation tool is a device
used to prevent the device 19190 from rotating during the screw insertion and removal
processes. The flat surfaces also provide a visual cue to properly align the device 190 during
insertion and removal of the device 19190. Similar to the slot 19202 in the collar 19198, the
flat collar surfaces 19204 are aligned with the major axis of an oval hole in a bone plate during
initial insertion and just prior to removal. This alignment insures that the device 19190 is no
longer locked onto the plate as occurs when the supplement rotates slightly with screw
insertion and seating as will become apparent from the description of FIG. 20 hereinbelow.

In this particular embodiment, the locking mechanism 19200 includes the collar 19198,
one or more expansion or cam regions 19206 beneath the collar 19198 and a tab 19208 which
is below the collar 19198 and expansion regions 19206. In the embodiment shown in FIGs.
19A-19H, two cam regions 19206 are shown (best seen in FIG. 19E). The cam regions 19206
are provided in a cam arrangement with an offset from the device centerline by approximately
.002 inches.

In one exemplary embodiment, the length L, (FIG. 19E) is in the range of about .188
to about .190 inches and the about and the length L, (FIG. 19E) is in the range of about .166
inches to about .168 inches. Also the lengths L; (FIG. 19D) and L, (FIG. 19D) of the tab
region are in the range of about .190 to about .200 inches and in the range of about .164 to
about .166 inches, respectively.

The expansion areas can be provided by having a portion of the sleeve 19192 made to
have an oval shape or by having a portion of the sleeve 19192 made to have a cam-type
arrangement as described above.

Also, as can be seen by comparing FIGs. 19D and 19E, the expansion areas 19206 are
slightly misaligned with the tab 19208. This slight misalignment allows the tab 19208 to move
underneath the plate (e.g. plate 20216 in FIG. 20) prior to the cam regions 19206 contacting a
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surface of the hole in the compression plate. This prevents further rotation of the FAD in the
hole of the compression plate. In one embodiment, for a FAD having an overall length of
about .3 inches (i.e. length from a top surface of the collar to a bottom surface of a flange), the
thickness T, of the expansion area 20206 is in the range of about .032 inches and the thickness
T of the tab 20206 is in the range of about .009 inches. Other thickness and axis lengths for
the expansion and tab regions may also be used depending upon the needs of any particular
application. In one embodiment the major axes of the expansion area and tab are offset by
about three and on-half degrees although offsets in the range of about one to about thirty
degrees may be used depending upon a variety of factors including the size of the FAD
(including the lengths of the major and minor axes of both the expansion region and tabs) as
well as the lengths of the major and minor axes of the hole in the compression plate (or other
structure) in which the FAD will be disposed..

As will be described below in conjunction with FIG. 20, when the device 19190 is
inserted the device 19190 rotates with screw insertion and the tab 19208 feeds underneath the
plate (e.g. plate 20216 in FIG. 20). This prevents the device 19190 from moving up and down
within the plate hole and insures proper contact of the plate and device 19190. The expansion
area 19206 is positioned with respect to the tab 20208 such that upon rotation of the device,
the expansion area 19206 contacts an inner wall or surface (e.g. wall 20214a in FIG. 20) of
the plate hole just after the tab 19206 feeds under the plate (e.g. plate 20216 in FIG. 20).

Because the length of the major axis of the expansion area 19206 is longer than the
length of the minor axis of the oval hole in the plate, further rotation of the device 19190 is
prevented. However, the long axes for both the oval expansion and the tabs are short enough
relative to the long axis of the oval plate hole to allow easy seating of the supplement during
mnsertion of the device (i.e. both the tab and the expansion have to fit and the length of the
major axis for the tab is slightly greater that the length of the major axis for the expansion).

It should be appreciated that the device 19190 may also be provided having features
above such as flat (rather than beveled) internal and/or external collar surfaces. Also, the FAD
19190 may be provided having a bone in-growth treatment such as that described above. As
mentioned above, the bone in-growth treatment could be a coating that is applied to the FAD,
or could be realized as a treatment which is performed on the FAD to result in a textured
surface which promotes bone in-growth to aid in securing the FAD to the bone structure. The
bone in-growth treatment could be applied to at least a portion of one or more flanges 19196
(either inner or outer flange surfaces), at least a portion of the collar 19198, at least a portion

of the sleeve 19192 or a combination thereof. The use of a FAD having a bone in-growth
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treatment applied thereto is particularly useful in scenarios where the bone may not have a
large amount of mass for a FAD to attach to or where the FAD will be used as part of a
structure that may support a lot of movement or weight, for example in securing a replacement
hip socket to a pelvic bone.

In one exemplary embodiment, the FAD 19190 has an overall length L (FIG. 19C) of
about .340 inches, a lower diameter D; (FIG. 191) in the range of about .254 inches, a flange
diameter D, (FIG. 19C) of about .250 in. and slot openings S; (FIG. 19H) in the range of
about .039 inches and S, (FIG. 19H) in the range of about .090 inches. Other lengths,
diameters and slot sizes may, of course, also be used. The particular length and overall upper
(ie. collar) and lower (i.e. flange) diameters to be use in any particular application will be
determined in accordance with a variety of factors including but not limited to the length and
diameter of screws being inserted. Likewise, the particular size of slot openings to be used in
any application will be determined in accordance with a variety of factors including but not
limited to the length and overall diameter of the FAD as well as the length and diameter of
screws being inserted into the FAD.

Referring now to FIG. 20, in which like elements of FIGs. 19A-19G are provided
having like reference designations, a portion of a bone 20206 is shown to include an upper
bone region 20210a, a lower bone region 20210b and a space region 20212 between the upper
and lower bone regions 20210a, 20210b. A hole 20214 is provided through both the upper
and lower bone regions 20210a, 20210b. Thus, the hole 20214 may be referred to as a
“through hole” meaning that the hole provides a path through the entire bone 20206.

It should be appreciated, of course, that the hole 20214 need only pass through one
bone portion (e.g. either bone portion 20210a or 20210b). Those of ordinary skill in the art
will appreciate how to determine whether the hole 20214 should be provided to pass through
only one of the bone regions 20210a, 20210b or whether it should pass through all regions of
a bone (e.g. through both regions 20210a, 20210b of bone 20206.

A plate 20216 (e.g. a bone or compression plate) having an hole therein is disposed
over the bone portion 20210a with the plate hole aligned with the hole 20214 in the bone
portion 20210a. Once the plate hole and bone hole 214 are aligned, the device 19190 is
disposed in the hole 214. The device 19190 can then be turned such that the collar 19198
engages a first surface of the plate 20216 and the tab 19208 engages a second surface of the
plate.

In this particular embodiment, the hole 20214 in the plate 20216 is provided having an

oval shape and the major axis of the expansion area 19206 (most clearly seen in FIG. 19E) of
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the device 19190 is longer than the minor axis of the oval hole in the plate 20216, By making
the major axis of the expansion area 19206 of the device 19190 longer than the minor axis of
the oval hole in the plate and by providing the expansion area 19206 in a predetermined spatial
relationship with respect to the tabs 19208, once the tabs 19208 engage the surface of the
plate 20216, the expansion area 19206 prevents further rotation of the device 19190 in the
hole 20214.

A screw 20217 having a head portion 20218 and a body portion 20220 is disposed in
the device 19190. Insertion of the screw in the device 19190 causes the flanges 19196 to
open and secure the device 19190 in the hole and in particular in the space region 20212 of the
bone 20206. The device 19190 also includes the thread region 19222 which engages threads
20224 pro{fided in the screw body 20220. The screw threads 20224 engage the thread 19222
which, in combination with the opened flanges 19196, allows the screw 20216 to be securely
coupled to the bone 20206.

A space 20230 may exist between a bottom surface of the plate and a surface of the
bone 20210b, however, this space 20230 has substantially no impact\ on the ability of FAD
19190, plate 20216 or screw 20220 to serve their respective intended functions.

Having described preferred embodiments of the invention it will now become apparent
to those of ordinary skill in the art that other embodiments incorporating these concepts may
be used. Accordingly, it is submitted that the invention should not be limited to the described
embodiments but rather should be limited only by the spirit and scope of the appended claims.
All publications and references cited herein are expressly incorporated herein by reference in

their entirety.
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CLAIMS

What is claimed is:
1. A fixation augmentation device (FAD) comprising:

a generally tubular body having a first end and a second end, said body adapted to
receive a screw therein;

a collar coaxially aligned and attached to the first end of said body; and

at least one flange disposed at the second end of said body, wherein said at least one

flange is extendable from said body when a screw is inserted into said body.

2. The fixation augmentation device of claim 1 further comprising a screw removably
insertable into said body, said screw engaging said at least one flange and causing said flange

to extend from said body when said screw is inserted in to said body.

3. The fixation augmentation device of claim 1 wherein an outer wall surface of said

collar has a generally non-circular shape.

4, The fixation augmentation device of claim 1 wherein said collar has a non-uniform
width.
5. The fixation augmentation device of claim 1 wherein an outer wall of said collar has a

generally tapered surface.

6. The fixation augmentation device of claim 1 wherein an inner wall of said collar has a
generally tapered surface.
7. The fixation augmentation device of claim 1 wherein an outer wall of said flange has a

generally flat surface.

8. The fixation augmentation device of claim 1 wherein an outer wall of said flange has a

generally semi-circular shaped surface.

9. The fixation augmentation device of claim 1 wherein a portion of said body includes a

threaded surface therein.
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10.  The fixation augmentation device of claim 1 wherein said body includes an internal

threaded portion extending approximately the length of said body.

Bone in-growth treatment
Fig 6A-6D

11.  The fixation augmentation device of claim 1 further comprising a bone plate, said bone
plate including a hole disposed therethrough, said hole having a predetermined size, said
predetermined size for receiving said tubular body therein and such that said collar does not fit

mto said hole.

12. The fixation augmentation device of claim 1 further comprising a bone plate, said bone
plate including a hole disposed therethrough, said hole having a predetermined size, said

predetermined size for receiving a screw therethrough and to align with said tubular body.
13. The fixation augmentation device of claim 1 further comprising a locking plate, said
locking plate including a hole disposed therethrough, said hole having a predetermined size

and tapered threaded sidewall, said predetermined size for receiving said body therein.

14.  The fixation augmentation device of claim 13 wherein said body includes an external

" threaded surface, said external threaded surface mating with said threaded sidewall of said hole

and wherein said body is inserted into said hole such that a top surface of said body is

generally aligned with a top surface of said locking plate.

15.  The fixation augmentation device of claim 13 wherein said body includes an external
threaded surface, said external threaded surface mating with said threaded sidewall of said hole
and wherein said body is inserted into said hole such that a top surface of said body is recessed

within said locking plate.

2]. The fixation augmentation device of claim 1 further comprising a locking plate, said
locking plate including a hole disposed there through, said hole having a predetermined size
and straight threaded sidewall, said predetermined size for receiving said body therein (i.e.

FAD can be configured for a straight threaded hole in a plate).
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22. The fixation augmentation device of claim 1 wherein said collar is threaded such as to

accommodate a non-threaded hole in a compression plate.

23. The fixation augmentation device of claim 1 wherein said collar is provided having a slot

adapted to accept a flat tipped tool.
24. A compression plate comprising an integral fixation augmentation device.

25.  The fixation augmentation device of claim 1 further comprising wherein said collar is

provided having a release-cam mechanism.

26." A fixation augmentation device (FAD) comprising:

a generally tubular body having a first end and a second end, said body including an
interference region located between said first end and said second end, said body insertable
into a hole, said body adapted to receive a screw therein; and

a collar coaxially aligned and attached to the first end of said body.

27. The FAD of claim 26 further comprising a ﬂange disposed at the second end of said
body. '

28. The FAD of claim 26 further comprising a slot extending from the second end of said
body and along a portion of said body, said slot extending completely through a sidewall of
said body.

29.  The FAD of claim 26 further comprising a screw removably insertable into said body,
said screw expanding said interference region of said body when said screw is inserted into
said body.

30.  The FAD of claim 26 wherein at least one of said body and said collar includes a

plurality of elements disposed along an outer surface thereof, said elements selected from the

group including ridges, teeth, frets, threads and texture elements.

27



10

15

20

25

30

WO 2004/100809 PCT/US2004/014640

31. The FAD of claim 26 further comprising at least one wing disposed along said body, a
first end of said at least one wing extendable from said body when a screw is inserted into said

body.
32.  The FAD of claim 26 wherein said body has a generally tapered shape.

33, The FAD of claim 26 wherein said body comprises a left side piece and a right side

piece.

34, The FAD of claim 26 wherein said body includes threads disposed along an internal

surface thereof

35.  Afixation augmentation device (FAD) comprising:
a clip shaped body having a first end and a second end, said body insertable into a
hole; and

a collar coaxially aligned and attached to the first end of said body.

36.  The FAD of claim 35 further comprising a flange disposed at the second end of said
body.

37. The FAD of claim 35 further comprising a screw, said body providing for fixation of

said screw within the hole.

38.  The FAD of claim 35 wherein at least one of said body and said collar includes a
plurality of elements disposed along an outer surface thereof, said elements selected from the

group including ridges, teeth, frets and threads.

39.  The FAD of claim 35 wherein said body includes threads disposed along an internal

surface thereof.
40.  Afixation augmentation device (FAD) comprising:

a first generally tubular body piece having a first end aﬁd a second end, said first body

piece body including an interference region located between said first end and said second end,
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said first body piece insertable into a hole, said first body piece adapted to receive a screw
therein;

a second generally tubular body piece having a first end and a second end, said second
body piece insertable into a hole, said second body piece adapted to receive a screw therein,
the first end of said second body receivable by said second end of said first body piece when a
screw Is inserted in said first body piece and said second body piece:

a collar coaxially aligned and attached to the first end of said first body piece; and

a flange disposed at the second end of said second body piece.

41. The FAD of claim 40 further comprising a slot extending from the second end of said
second body piece and along a portion of said second body piece, said slot extending

completely through a sidewall of said second body piece.

42.  The FAD of claim 40 further comprising a screw removably insertable into said first
body piece and said second body piece, said screw expanding said interference region of said
first body piece when said screw is inserted into said first body piece, said screw expanding

said flange when said screw is inserted into said second body piece.

43.  The FAD of claim 40 wherein said first body piece includes threads disposed along an

internal surface thereof,

44.  The FAD of claim 40 wherein said second body piece includes threads disposed along

an internal surface thereof.

29



WO 2004/100809 PCT/US2004/014640

1/19

107 30
20

FIG. 1C

70
/—"_‘& 4
S o ”// / vvvvv

O KKK
0707020202020\ 7/ S 77169962626 % %%
LR yﬂéﬁ”&&&b

\ e‘-:? 40 90
AT R

A NTAYA

QIR S

o

80

)

O

/5

L

SUBSTITUTE SHEET (RULE 26)



WO 2004/100809 PCT/US2004/014640

FIG. 3B

375

310\ razo
AN 330
370 N\
ﬁ A %
VAN
/N T~—330-
N\
/\
VAN
N
FIG. 34

~-130
III o
,//E§1GO

d L
FIG. 2

120—\\
1tijii\\
150

SUBSTITUTE SHEET (RULE 26)



WO 2004/100809 PCT/US2004/014640

3/19
L N |
N
430 420 410 ,
420
\ ~—/
410 —
Lr *——/
470
450
450
FIG. 44 FIG. 4B
520
510 ——m /~ 570
550
FIG. 5

SUBSTITUTE SHEET (RULE 26)



00000000000000000000000000000

4/19

0 611 6130 612

61 /

N\ \ / {
640—~|_

| l
650 H 650

FIG. 64

D22 | i




PCT/US2004/014640

WO 2004/100809

5/19

IS
8 OIHA
omm.MJ i -
org—"
g, I V. OId
.A\/mwwvv oon\:/:mn%Jw:u‘\omn
QMN\\Mmmmmmmmmm mmmmmmmme /LWmewmmu\
[] 0EL . B
06L 06L
OvL——o " -
N N | oL : mmwwwmmwuu,

| S—

o 0Lt ONN.K ((o LL

SUBSTITUTE SHEET (RULE 26)



WO 2004/100809 PCT/US2004/014640

6/19

[
—Isile—
FIG. 9C

910

901 a_

908
908
909
906

FIG. 9B

FIG. 94

SUBSTITUTE SHEET (RULE 26)



WO 2004/100809 PCT/US2004/014640

7/19

FIG. 9E FIG. 9F

SUBSTITUTE SHEET (RULE 26)



WO 2004/100809 PCT/US2004/014640

8/19
908 | 90 43 904
/////////
916~ //
918 912a
912”7 '
EIG. 9G

1020

1030

FIG. 10

SUBSTITUTE SHEET (RULE 26)



WO 2004/100809 PCT/US2004/014640

9/19

1140
_\ [-1146
L | 144

R L1142

1152

G

FIG. 11

1260

—\

< [1 270
)1262

FIG. 124 FIG. 12B

SUBSTITUTE SHEET (RULE 26)



WO 2004/100809 PCT/US2004/014640

-
-

-~
-

- O S

Q)

<

=X
-
-

FIG. 134
FIG. 13B
1384a
13@ 138.’;I 3881372 1374 /1 384
7
1386 1384b
\\*1378
1370~/
FIG. 13C FIG. 13D

SUBSTITUTE SHEET (RULE 26)



WO 2004/100809 PCT/US2004/014640

1496

FIG. 144

FIG. 14B

SUBSTITUTE SHEET (RULE 26)



WO 2004/100809 PCT/US2004/014640

12/19

1490\

14104

14102

FIG.14C [ N
41492
1496
FIG. 14D
7
FIG. 14E

SUBSTITUTE SHEET (RULE 26)



WO 2004/100809 PCT/US2004/014640

13/19

]
~—161

1
E\."IG‘QS

\
FIG. 16

15114
/..
1

15118

|
~—151

r"—l
15116\i ;
-
\
FIG. 15

1511

A —~

SUBSTITUTE SHEET (RULE 26)



14/19

\// \\\

FIG. 174




WO 2004/100809 PCT/US2004/014640

15/19

18150
’\ /~18160

18156

e e o e o e e

18154 “~\--18158

191 QO‘\ 1 9(202

SUBSTITUTE SHEET (RULE 26)



WO 2004/100809

PCT/US2004/014640

SUBSTITUTE SHEET (RULE 26)

L »
19E~ _|-19206
19196 1o~y | /7 | 19108
19208~ | —r
N
IR
19220—{/
DZ
19222—1~
19208—" ¥ | '
PR
19196 19D =% | 19206
19E
FIG. 19C



WO 2004/100809 PCT/US2004/014640

17/19

L 4——19206

FIG. 19E FIG. 19F

T2
— — L4 —]
[}
19208
19208
L3
i Y

FIG. 19G FIG. 19D

SUBSTITUTE SHEET (RULE 26)



WO 2004/100809 PCT/US2004/014640

18/19

19190

r824

—nf S1 —

FIG. 19H

D,

FIG. 191

SUBSTITUTE SHEET (RULE 26)



PCT/US2004/014640

WO 2004/100809

19/19

90c0c )

0 ‘OId

02202 \\\\||,vrmom

qolicoc IT

7 Nepiz0z

96161
220z
2226l
20120z 80261
05202 —
orz0z—" 86161
81200 —

Km Leoe

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT onal Application No
JS2004/014640

CLASSIFICATION OF SUBJECT MATTER

IPC 7 CAGIB17768 " A61B17/80

According to International Patent Classtfication (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 A61B F16B

Documentation searched other than minimum documentalion to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X GB 2 266 246 A (JESSE SHIRLEY & SON 1-5,7,
LIMITED) 27 October 1993 (1993-10-27) 9-12,24,

26-30,
32-39

Y figures 6,9 31,40,
41,43

X EP 0 610 575 A (VRESPA GIUSEPPE) 40,44

17 August 1994 (1994-08-17)
column 2, 1ine 44 - column 3, line 35;

figure 1
Y US 5 713 904 A (RALPH JAMES D ET AL) 31
3 February 1998 (1998-02-03)
figure 12
-/
m Further documents are listed in the continuation of box C. E Patent family members are histed in annex.

° Special categones of cited documents : . _ . "

T* later document published after the internationai filing date
or priority date and not in conflict with the application but
cited lo understand the principle or theery underlying the
invention

'A* document defining the general state of the art which is not
considered to be of particular relevance

‘E* e?lrlliergﬁcument but published on or after the international *X' document of particular relevance; the claimed invention
fling cate cannot be considered novel or cannot be considered to
‘L* document which may t{: row doubts on priority claim(s) or involve an inventive step when the document is taken alone
which is cited to establish the publication date of another v+ document of i . i i i
A : s patticular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the
*O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
'P* document published prior to the international filing date but in the art.
later than the priority date claimed *&' document member of the same patent famity
Date of the actual completion of the international search Date of mailing of the intemational search report
26 October 2004 04/11/2004
Name and mailing address of the ISA Authonrized officer

European Patent Office, P.B. 5818 Patentlaan 2
_PIL - 2280 HV Rijswijk

el. (+31-70) 340-2040, Tx. 31 651 epo ni,
Fax: (+31-70) 340-3016 Herberhold, C

Form PCT/ISA/210 (second sheet) (January 2004)

page 1 of 2



INTERNATIONAL SEARCH REPORT

mal Application No

22 January 2004 (2004-01-22)
figure 2

JS2004/014640
C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT
Category ° | Citation of document, with indication, where appropnate, of the relevant passages Relevant to claim No.
Y EP O 089 298 A (BUCZ JEAN) 40,41,43
21 September 1983 (1983-09-21)
figure 4
X DE 89 08 858 U (ETERNIT AG, BERLIN) 1,2,
14 December 1989 (1989-12-14) 8-10,
26-30,
34-39
the whole document
X CH 645 168 A (KUNCKEL JOHANN) 1,26,35
14 September 1984 (1984-09-14)
the whole document
P,X WO 03/047440 A (UNIV DUNDEE ; ALLCOCK PAUL 1,2,7,
(GB); DREW TIM (GB); ROWLEY DAVID (GB)) 23,26,
12 June 2003 (2003-06-12) 27,29,30
page 11, line 15 - page 16, line 1; figure
17
P,X WO 2004/006792 A (SDGI HOLDINGS INC) 40

Form PCT/ISA/210 (continuation of second sheet) (January 2004)

page 2 of 2




INTERNATIONAL SEARCH REPORT onal Application No

UsS2004/014640
Patent document Publication Patent family Publication
cited in search report date member(s) date
GB 2266246 A 27-10-1993 NONE
EP 0610575 A 17-08-1994 IT 1263895 B 05-09-1996
CA 2102933 Al 12-08-1994
EP 0610575 A2 17-08-1994
US 5713904 A 03-02-1998  NONE
EP 0089298 A 21-09-1983 FR 2523228 Al 16-09-1983
AT 21733 T 15-09-1986
DE 3365538 D1 02-10-1986
EP 0089298 Al 21-09-1983
DE 8908858 U 14-12-1989 DE 8908858 Ul 14-12-1989
CH 645168 A 14-09-1984 CH 645168 Ab 14-09-1984
WO 03047440 A 12-06-2003 EP 1450706 A2 01-09-2004
WO 03047440 A2 12-06-2003
WO 2004006792 A 22-01-2004 US 2004015169 Al 22-01-2004

WO 2004006792 Al 22-01-2004

Fomm PCT/ISA/210 (patent family annex) (January 2004}



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

