005/072284 A2 | 0001 0 O 00 OO0 A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

11 August 2005 (11.08.2005)

(10) International Publication Number

WO 2005/072284 A2

(51)

21

(22)

(25)

(26)

(30)

(71)

(72)

(74)

International Patent Classification: Not classified

International Application Number:
PCT/US2005/002074

International Filing Date: 21 January 2005 (21.01.2005)

Filing Language: English

Publication Language: English

Priority Data:
60/538,589
60/546,127
60/598,110
60/643,432

23 January 2004 (23.01.2004)
20 February 2004 (20.02.2004)
2 August 2004 (02.08.2004)

7 January 2005 (07.01.2005)

us
Us
UsS
UsS

Applicant (for all designated States except US): HAND
INNOVATIONS, LLC [US/US]; 8905 S.W. 87th Avenue,
Miami, FL 33176 (US).

Inventors: ORBAY, Jorge, L.; 390 Campana Avenue, Mi-
ami, FL. 33156 (US). CASTANEDA, Javier, E.; 9520 SW
117th Court, Miami, FL. 33186 (US). CAVALLAZZI, Ce-
sare; 4425 SW 160 Avenue, Unit 105, Miramar, FL 33027
(US).

Agents: GORDON, David, P. et al.; Gordon & Jacobson,
P.C., Suite 407, 60 Long Ridge Road, Stamford, CT 06905
(US).

(81)

(84)

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, 7ZM,
7ZW), BEurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO,
SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: SYSTEM FOR STABILIZATION OF FRACTURES OF CONVEX ARTICULAR BONE SURFACES INCLUDING

SUBCHONDRAL SUPPORT STRUCTURE

o (57) Abstract: A fracture fixation system is provided for a fracture of a head portion of a long bone which has subchondral bone
defining a convex articular surface, and particularly the proximal humerus. The system includes a plate element positionable on the
long bone substantially opposite the head portion of the long bone and on a first side of the fracture, and a post element extending
from the plate and into the head portion and across the fracture.



WO 2005/072284 PCT/US2005/002074

-1-

SYSTEM FOR STABILIZATION OF FRACTURES OF CONVEX ARTICULAR BONE
SURFACES INCLUDING SUBCHONDRAL SUPPORT STRUCTURE

CROSS-REFERENCE TO RELATED APPLICATIONS
The application claims the benefit of U.S. Provisional Applications 60/5 38,589, filed
January 23, 2004, 60/546,127, filed February 20, 2004, 60/598/110, filed August 2, 2004, and
[Attorney Docket HAN-034P], filed January 7, 2005.

BACKGROUND OF THE INVENTION

1. Field of the Invention
This invention relates broadly to surgical devices. More particularly, this invention
relates to a fracture fixation system including an orthopedic plate and associated fasteners for

fastening the plate to the bone and tendons.

2. State of the Art

The proximal humerus comprises the upper portion of the humerus, i.e. upper arm of the
human body, commonly known as the shoulder area. Fractures of the proximal humerus
typically result from traumatic injuries such as sporting accidents and can be more frequent
with age due to bone loss. Fractures of the proximal humerus are treated by exposing the
fracture site and reducing the bone fracture and then placing a plate or other means onto the
borne to fixate the fracture for healing in the reduced position. Reducing the fracture inchides
realigning and positioning the fractured portions of the bone to their original position or similar
stable position. Fixating the fracture includes positioning a plate over the fractured portions
and securing the plate onto the fractured bones and adjacent non-fractured bones with bone

SCICWS.

Conventional fixation plates have several shortcomings when applied to the proximal
humerus. In general, they are not well shaped for the humeral anatomy, and when provided in a
size necessary to provide the structural rigidity for stability of a humeral fracture are not easily
shaped by the surgeon. Furthermore, such plates require large screws which do not provide

purchase in underlying osteoporotic bone.
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Two plates particularly contoured for the proximal humerus are the locking proximal
humeral plate (LPHP) and PHILOS from Synthes of Paoli, PA. These plates include a
proximal head portion which receives several fixed angle fasteners which extend into the
rounded head of the humerus perpendicular to the articular surface and threadably couple to the
plate. Particularly in osteoporotic bone, there is a tendency for the fasteners to pierce the bone
and enter the articular space between the head of the humerus and the shoulder socket which
can cause significant irritation and potentially greater orthopedic damage. Such damage can
interfere with, prolong, or prevent proper healing of the humeral fracture, in addition to causing

the patient additional pain and the development of post-traumatic arthritis.
SUMMARY OF THE INVENTION

It is therefore an object of the invention to provide a humeral fracture fixation system

which is anatomically appropriate for the humerus.

It is another object of the invention to provide a humeral fracture fixation system which

provides a stable framework for support of a proximal humeral fracture.

Tt is a further object of the invention to provide a humeral fracture fixation system in

which the fasteners extending through the plate will not break through the articular surface.

It is also object of the invention to provide a humeral fracture fixation system which

facilitates alignment of fasteners into the head of the humerus.

It is yet another object of the invention to provide a humeral fracture fixation system
which provides the surgeon a tactile sensation of when fasteners are properly implanted within

the head of the humerus.

In accord with these objects, which will be discussed in detail below, a humeral fracture

fixation system is provided and includes a plate, a plurality of cortical screws, and a plurality of
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posts for coupling the plate to the humerus and stabilizing the fracture. The system preferably

also includes K-wires and suture material, as discussed below.

The plate is provided with a plurality of post holes. A post is provided for each post
hole, and extends through the head portion of the plate generally perpendicular to the articular
surface of the shoulder. According to a preferred aspect of the invention, a post may be
provided with a support means for supporting the subchondral bone of the articular surface.
When provided with such support means, the post includes a head which preferably can be
fixed in a particular rotational orientation relative to the post hole so that the support means is
always oriented in a particular orientation, and preferably in alignment with the anterior-

;

posterior plane, relative to the plate and the anatomy.

According to another preferred aspect of the invention, the head portion includes a
plurality of alignment holes which are sized to closely receive individual K-wires in a particular
orientation. The orientation of axes through the alignment holes, and consequently K-wires
inserted therethrough, closely conforms to the space defined by the posts when coupled to the
head portion of the plate.

After the fracture is reduced and prior to drilling holes for the posts, the surgeon drills
K-wires through the alignment holes on the head portion of the plate to temporarily fix the
orientation of the head of the plate to the head of the humerus. Once the alignment is so fixed,
the fracture is examined, e.g., under fluoroscopy, to determine whether the fracture is reduced
in an anatomically correct manner and if the K-wires are properly aligned relative to the
anatomy. The fluoroscopically viewed K-wires provide an indication as to whether the posts
will be properly oriented in relation to the fracture and articular surface. If the placement is
correct, the K-wires maintain the position of the plate over the fracture while holes are drilled
for the posts. If placement is not optimal, the K-wires can be removed and the surgeon has an
opportunity to relocate and/or reorient the K-wires and drill again. Since each K-wire is of
relatively small diameter, the bone is not significantly damaged by the drilling process and the
surgeon is not committed to the initial drill location and/or orientation. Once the plate is
properly positioned with the K-wires, the plate, posts, and support means, if provided, can be

implanted, and the K-wires can be removed.
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According to yet another preferred aspect of the invention, the head portion includes a
lower proximal recess and a plurality of suture guides with holes thereabout. The recess raises
the suture guides off the surface of the bone to allow the surgeon to pass a needle with suture
material through the suture guides and between the plate and the bone to permit tendon and

bone fragments to be sutured to the plate.

With the fixation system implanted, the posts are oriented perpendicular to the articular

surface but do not extend far enough to break through the articular surface.

Additional objects and advantages of the invention will become apparent to those
skilled in the art upon reference to the detailed description taken in conjunction with the
provided figures.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of an embodiment of a proximal humeral fixation system

according to the invention;

Fig. 2 is a schematic section view of a deployable post for the embodiment of Fig. 1,

shown in a non-deployed configuration;

Fig. 3 is a schematic section view of a deployable post for the embodiment of Fig. 1,

shown in a deployed configuration;

Fig. 4 is a schematic section view of a deployable post for the embodiment of Fig. 1,

shown in a released configuration;

Fig. 5 is a longitudinal section view of another embodiment of a deployable post, with

the deployable anchors in a non-deployed configuration;

Fig. 6A is a perspective view of a back end of the deployable post of Fig. 5;
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Fig. 6B is a longitudinal section view of the back end of the deployable post of Fig. 5;
Fig. 7 is a perspective view of a central tube of the deployable post of Fig. 5;

Fig. 8 is a perspective view of a distal tip of the deployable post of Fig. 5;

Fig. 9 is a perspective view of a lead screw of the deployable post of Fig. 5;

Fig. 10 is a perspective view of a coupler of the deployable post of Fig. 5;

Fig. 11 is a perspective view of a bone anchor of the deployable post of Fig. 5;

Fig. 12 is a longitudinal section view of the deployable post of Fig. 5, shown in a
partially deployed configuration;

Fig. 13 is a longitudinal section view of the deployable post of Fig. 5, shown in a fully
deployed configuration;

Fig. 14 is a perspective view of another system of the invention shown with deployable

posts in the configuration of Fig. 13;
Fig. 15 is a perspective view of a cam for the system of Fig. 14;
Fig. 16 is a plan view of the plate of the system of Fig. 14;
Fig. 17 is a longitudinal section view along line 17-17 in Fig. 16;

Fig. 18 is a perspective view of another system of the invention shown with the posts in

a deployed configuration,
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Fig. 19 is a perspective view of a back end of the deployable posts used in the system

shown in Fig. 18;
Fig. 20 is a longitudinal section view of the back end of the Fig. 19;

Fig. 21 is an enlarged broken section view of the back end and a set screw of the system

shown in Fig. 18;
Fig. 22 is a broken partial section perspective view of the system shown in Fig. 18;

Fig. 23 is a lateral perspective view showing another embodiment of a proximal

humeral fracture fixation system of the invention in place on the bone;
Fig. 24 is a perspective view of a plate of the system of Fig. 23;
Fig. 25 is a top view of the fixation system of Fig. 23, shown implanted;
Fig. 26 is a medial view from within the bone of the fixation system of Fig. 23;
Fig. 27 is another view of the implanted fixation system of F ig. 23;
Fig. 28 is a view similar to Fig. 25 showing the system with deployed anchors;
Fig. 29 is a view similar to Fig. 26 showing the system with deployed anchors;

Fig. 30 is a perspective view showing another embodiment of a proximal humeral

fracture fixation system of the invention; and

Fig. 31 is a schematic section view of a nail-plate embodiment of a proximal humeral

fixation system according to the invention.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Turning now to Fig. 1, an embodiment of a proximal humeral fracture fixation system
510 according to the invention is shown. The system 510 includes a humeral plate 512 with
one or more post holes 536 in a head portion 534 thereof and screw holes 532 along a shaft
portion 530 thereof. A tubular post 514 is provided for each post hole 536. Referring to Figs.
1 and 2, the post 514 includes a pair of arms 560 which are rotatably coupled about axes 561
adjacent the distal end 562 of the post 514. Embodiments with three or more arms may also be
provided. Each arm 560 includes a cam follower surface 564 generally adjacent its pivot axis
561. When the cam follower surface 564 is subject to force in the distal and lateral directions,
the arms 560 are moved into a radially open configuration, as shown in Fig. 1 and discussed
further below. The post 514 includes windows 566 such that, when the arms 560 are in a
closed position (Fig. 2), the arms 560 may lie flush with the remainder of the post. Referring to
Fig. 2, the post also includes an internal thread 568.

Referring to Fig. 3, a set screw 570 is provided which engages the internal thread 568
and includes a distal end provided with a cam 572 which operates to contact the cam follower
surfaces 564 and move the arms 560 radially outward into the open configuration. In the open
configuration, the arms 560 may each extend substantially 90° relative to the post 514; i.e.,
generally parallel to the articular surface and preferably in the anterior-posterior plane.
However, it is even more preferable that the angle between each arm 560 and the post 514 be
acute, and preferably approximately 60° to 89°, so that the arms better approximate the contour
of the articular surface of the humeral head. While the arms 560 are surrounded by bone, the
bone is often spongy or brittle osteoporotic bone which permits movement of the arms
therethrough. The arms 560 shown are relatively broad providing significant stability to the
fracture and support to the articular bone surface once moved into the open configuration.
However, in order to facilitate movement through the bone, the arms may be relatively thinner
than shown. Furthermore, the set screw may optionally include a bore 574 and distal openings
576 aligned with the windows 566 through which a preferably biodegradable bone cement or

other preferably quick-setting filler material may be injected into the space created by the
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opening of the arms 560 (as shown by the arrows) to provide additional stability to the reduced

fracture.

Referring to Fig. 4, if it is necessary or desirable to remove the post 514 and its arms
560 from the bone after implantation, the set screw 570 is unthreaded and removed from the
post 514, and the post is then pulled from the bone. With the set screw 570 removed, the arms
560 are able to rotate upwards toward the upper end of the window 566 and stop against the

distal end 562 of the post 514 as the post is withdrawn.

Turning now to Figs. 5 through 11, another deployable post 714 is shown. The outer
section of the post 714 includes a proximal tubular back end 802 (Figs. 6A and 6B), a central
tube 804 (Fig. 7) and a distal tip 806 (Fig. 8). Referring to Figs. 6A and 6B, the back end 802
includes a head 807 with reference structure, e.g., scalloped notches 808, for rotationally
orienting the post 802 relative to the humeral plate (as described in more detail below) and
steps down to intermediate and smaller diameter portions 809, 810. The smaller diameter
portion 810 defines two diametrically opposed wells 812. The distal end of the back end 802
further includes an internal thread 817. The tube 804 seats over the smaller diameter portion
810 and includes two distally directed wings 814 which engage in the wells 812 and lock the
tube 804 on the back end 802 in a flush engagement with the intermediate diameter portion 809
of the back end 802. The tube 804 includes a pair of windows 852. The tip 806, also
described further below, extends into the distal end of the tube 804 and is fixed in position on
the tube with a pin 818 extending through holes 819, 821 in the tube 804 and tip 806,

respectively.

Referring to Figs. 5 and 9, a lead screw 820 is provided in the back end 802 of the post
714. The lead screw 820 includes a proximal engagement socket 822, e.g., square or hex
socket, facilitating rotation of the lead screw 820 relative to the back end 802 by a tool, a
threaded central portion 823 which engages the internal thread 817 of the back end 802, and a
distal stepped head portion 824. The head portion 824 is captured by, and rotatable relative to,
a nest 826 of a coupler 828. Coupler 828 is defined by a two hermaphroditic elements 829
(Fig. 10), which each include a post 834 and socket 836 which mate with corresponding parts
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on a like element. Each hermaphroditic element 829 also defines a track 837 and/or slot 838

into which a portion of an anchor 840 is movably coupled, as discussed below.

Referring to Fig. 11, the bone anchors 840 include proximal axles 842 sized to travel
within the slots 838 of the coupler 828 and have a back end 843 designed to ride along the track
837 of the coupler. The anchors 840 are curved along an arc, and each has a relatively sharp
bone piercing end 844. The anchors are preferably made of metal, but may be made of ceramic
or a stiff bioabsorbable material. Referring to Figs. 8 and 11, the tip 806 defines two anchor
guides 850 which each have a curvature corresponding to that of the convex side 845 of the
anchors 840. The tube 804 defines two windows 852, corresponding to the cross-sectional

shape of the anchors 840, through which the anchors 840 can be advanced out of the post 7 14.

Referring to Figs. 12 and 13, the lead screw 820 is rotationally advanced through the
back end 802 to thereby cause advancement of the coupler 828 through the tube 804. As the
coupler 804 advances, the anchors 840 are pushed forward, contact the guides 850 and are
deflected out of the windows 852 (Fig. 7) in an outward direction, i.e., generally transverse to
the axis of the post 714. In accord with one aspect of the invention, as the anchors 840 move
forward and rotate about axles 842, their axes of rotation within the tube 804 changes,
particularly relative to the initial orientation shown in Fig. 5 (as indicated by the broken circular
marks on the coupler). This is accommodated by the ability of the axles 842 to move laterally
within the slots 838 of the coupler 828. Referring to Fig. 13, when fully deployed, the anchors
840 preferably project outwardly between 2 and 3.5 times the diameter of the tube 804. In a
preferred embodiment, the tube 804 has a diameter of 4 mm, and the anchors 840 each project

approximately 10 mm.

Turning now to Fig. 14, a humeral plate 702 is shown with a plurality of the posts 714
coupled thereto and with anchors 840 deployed. The posts 714 can be locked to the plate 702
in any suitable manner. However, it is preferable that the posts 714 be locked relative to the
plate 702 so that the orientation of the deployed anchors 840 be predetermined, e.g., generally
parallel to each other as shown. Moreover, it is preferable that each post 714 be locked
relative to the plate 712 without a threaded coupling therebetween, as it is difficult to machine a

threaded coupling in which (i) the components are both fixedly and rigidly coupled together,
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and (ii) in which the rotational orientation of the post can be predetermined with certainty upon
locking. Notwithstanding the above, it is certainly possible and within the scope of the
invention to machine a threaded coupling between the post and the plate with the entry and
termination points arranged and with the required tolerances to obtain the same results; i.e.,

predetermined rotational orientation upon fully seating the post in the plate.

In accord with a preferred aspect of the present embodiment, the lock between a post
714 and its respective post hole 736 preferably occurs within less than one complete rotation of

the post 714 relative to the post hole 736, and more preferably within 0° to 90° rotation.

One method of locking the posts is to use a cam to lock each post within the plate.
Referring to Fig. 15, a preferred cam 856 is generally cylindrical, but has an outer wall 858 that
spirally increases in radius about approximately 270° of the circumference of the cam. The
cam 856 also includes a lower pin (not shown) about which the cam rotates, and an upper hex

slot 860 for a driver.

Referring to Figs. 14, 16 and 17, for each post 714, the plate 702 includes a post hole
736 and an adjacent recessed cam slot 862 with a centering hole 863 which receives the
centering pin. As a result of the shapes of the cam 856 and the cam slot 862, once the cam is
received in the cam slot, the cam is essentially trapped therein. Before inserting the post 714
into the post hole 736, the cam 856 is rotated so that its smallest radius is positioned toward the
post hole. The post 714 is received through the post hole 736, oriented so that a scalloped
notch 808 at the back end 802 of the post fits about the outside of the cam 856, and pushed fully
into the post hole. The cam 856 is then rotated with a driver to provide contact between a
larger radiused portion of the cam and the post to provide sufficient contact therebetween to

effectively lock the post 714 to the plate 702.

Turning now to Figs. 18 through 20, another embodiment of a system for rotationally
and axially locking the posts relative to the plate is shown. In accord with such system, the
posts 914 are substantially as described above with respect to post 714. In contrast to post 714
(Fig. 5), the back end 1002 of the post 914 includes ears 1008 and a circular arrangement of
resilient, radially outwardly directed catches 1009. In addition, referring to Fig. 21, the back
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end 1002 of post 914 includes a diametric bore 1011 to facilitate removal of an implanted post,
if necessary, as described in more detail below. Still referring to Fig. 21, the system includes a
set screw 1056 which locks the post 914 relative to the plate 902, as also described below. The
set screw 1056 includes a recess 1058 in which the catches 1009 engage, but which also allows

the set screw 1056 to be rotatable relative to the catches.

Referring now to Fig. 22, each post hole 936 of the plate 902 is stepped in diameter,
includes threads 1060 within an upper larger diameter portion, and two diametric ear portions
1062. The post 914 is inserted through the post hole 936 so that the ears 1008 align with the ear
portions 1062. This ensures proper alignment of the anchors when they are later extended
(Fig. 18). Then, the set screw 1056 is rotated in engagement with the threads 1060 and rotated
until the post 914 is rigidly locked in place.

If necessary, to remove the post 914, the set screw 1056 is rotated into disengagement.
In doing so, the set screw may release from the post. Should this occur, a tool (not shown) may
be inserted into the diametric bore 1011 and pulled to withdraw the post from the bone and hole
936.

Turning now to Figs. 23 through 28, another embodiment of a fixation system 1200 is
shown attached to a humerus 1300. Referring to Figs. 23 and 24, the system 1200 includes a
plate 1202 having a head portion 1234 with six post holes, including central post holes 1236a,
1236b, 1236¢, 1236d (collectively, 1236) designed to accept posts having a threaded head, and
proximal and distal posts 1237a, 1237b (collectively, 1237) which are preferably substantially
similarly to post holes 936 (Fig. 22) for receiving posts which may optionally have deployable
anchors. That is, post holes 1237 preferably include a system which locks the angular
orientation of the post. Such system is also adapted to receive conventional threaded-head
‘ posts (with or without out any deployable support means for supporting the subchondral bone
of the articular surface), as shown in Figs. 25 and 26. Further, where posts without any support
means are used, the post holes do not require any system for angularly indexing or precisely
fixing the posts. Referring still to Figs. 25 and 26, the central post holes 1236a, 1236b, 1236c,
1236d define axes illustrated by the posts 1214a, 1214b, 1214¢, 12144 therethrough which are
angularly oblique from each other, causing the posts to diverge both laterally and
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longitudinally. The proximal and distal post holes 1237a, 1237b define axes which are
preferably laterally aligned and angularly convergent, as illustrated by posts 1215a, 1215b.

Referring to Fig. 24, the head portion 1234 is also provided with five alignment holes
1218a, 1218b, 1218c, 1218d, 1218e (collectively, 1218), each sized to closely receive a K-wire
(substantially smaller than a respective post for the post holes) along a fixed axis. Specifically,
the axis of 1218e is directed toward the center of the articular surface of the humeral head. The
alignment holes 1218 are angularly oriented within the head portion 1234 of the plate so as to
present a path for K-wires which will outline various boundaries of the posts or identify a point
of interest relative to the implanted posts. More particularly, as shown in Figs. 24 through 26,
K-wires 1220, 1222 positioned in holes 1218b, 1218¢ define the upper and lower bounds of
posts 1214a, 1214b, 1214c, 1214d, while K-wire 1224 positioned in hole 1218e is directed to
the center of the articular surface and defines a central location towards which the axes of the

proximal and distal post holes 1215a, 1215b converge.

As shown best in Figs. 24 and 27, a narrow suture rail 1240 extends about the proximal
portion of the head portion 1234. The suture rail 1240 is elevated relative to the lower surface
1250 of the head portion to facilitate entry of a suture needle through the rail and recessed

relative to the upper surface 1252 to present a relatively low unobtrusive profile.

Referring to Figs. 27 through 29, in use, by way of a delto-pectoral approach, the
fracture is exposed and debrided. Traction and direct manipulation are used to reduce the
fracture, and the anatomical relationship between the articular surface of the subchondral bone
1350 and the humeral shaft 1352 is restored in both its angular alignment and retroversion. The
position for the plate 1202 is then located on the humerus 1300, preferably immediately
posterior to the intertubercle groove and approximately 1.5 — 2.0 cm below the insertion of the
supraspinatus. The plate is then provisionally secured to the distal fragment using, e.g. 2.0 mm
fixation K-wires inserted through the shaft of the plate or a cortical screw provisionally inserted
through a non-locking oblong screw hole 1232a. The reduction is then locked by using K-wires
1220, 1222, 1224 inserted through the fixed angle K-wire holes on the head portion 1234 of the
plate and into the proximal fragment(s). Multiple wires may be used to anticipate final post

positions.
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Axes of the alignment holes correspond to axes of adjacent post holes. Using preferably
both anterior-posterior and axillary views, the K-wires 1220, 1222, 1224 are viewed
fluoroscopically to provide an indication as to whether the posts will be properly oriented. If
the placement is correct, the K-wires maintain the position of the plate over the fracture. The
posts holes may then be drilled with confidence that their locations and orientations are proper.
If placement is not optimal, the K-wires are removed and the surgeon can relocate the plate
and/or can reorient the K-wires and drills again. Since each K-wire is of relatively small
diameter, the bone is not significantly damaged by the drilling process and the surgeon is not
committed to the initial drill location and/or orientation. The use of alignment holes and K-
wires therethrough for an orthopedic plate is described in more detail in U.S. Serial Nos.
10/689,797, filed October 21, 2003, 10/664,371, filed September 17, 2003, and 10/985,598,

filed November 10, 2004, which are hereby incorporated by reference herein in their entireties.

The shaft 1230 of the plate 1212 is then fixed to the humeral diaphysis 1352 by fully
inserting the cortical screw through the oblong hole 1232a. Any K-wires that may have been

used to secure the shaft are removed.

Using a drill guide (not shown), holes for the posts are drilled. Using a depth gauge (not
shown), the depth of the drilled holes is determined. Appropriate length posts 1214a, 1214b,
1214c, 12144, 1215a, 1215b are inserted using a driver. The distal end of the posts are
preferably 4-6 mm below the articular surface of the subchondral bone 1350. Radio graphic

confirmation of the correct fracture reduction and post placement is then made.

Referring to Figs. 28 and 29, where the posts 1215a, 1215b include deployable anchors,
the surgeon deploys the anchors 1340 to provide support for the articular surface of the
subchondral bone 1350. In practice, the K-wires 1220, 1222, 1224 in the head portion 1234 are

preferably removed prior to anchor deployment.

Additional holes are also drilled for the remaining cortical screws that will be used to fix

the distal part of the plate to the diaphysis 1352 of the humerus.
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Next, if necessary, tuberosities are reduced and fixed to the suture rail 1240 of the plate

using sutures or wires.

Final radiographic views are then taken and the surgical wound is closed using

appropriate surgical technique.

Turning now to Fig. 30, another embodiment of a shoulder plate 1402 is shown. The
plate 1402 is substantially similar to plate 1202 in features, but includes several significant
structural distinctions. First, the proximal end of the head portion 1434 includes three discrete
generally radially-arranged suture guides 1440 with lateral openings. The guides 1440 are
spaced to permit needle access therethrough without obstruction from the adjacent guide(s).
Second, additional K-wire openings 1418f, 1418g are provided anterior and posterior the
central K-wire opening 1418e to permit the use of additional K-wires for fluoroscopic
visualization of the arrangement of the posts within the bone prior to insertion of the posts.
The additional openings 1418f, 1418g may be particularly useful where the surgical approach
creates difficulty in the use of one of more of the other openings. Third, the bone screw holes
1460 may be used with cortical screws and set screws (not shown) permitting independent
application of compression and locking of the cortical screw. Alternately, other conventional

cortical screws may be used.

Itis "noted that none of the shoulder plates are universal models, as the above described
plate is adapted for placement on the left arm or the right arm, but not both. In accord
therewith, each of the plates includes a substantially straight edge. When the head portion of
the plate is positioned 1.5 — 2.0 cm below the insertion of the supraspinatus and the straight
edge is aligned immediately posterior with the intertubercle groove, proper placement of the
plate on the humerus is assured. For example, in Fig. 30, the straight edge is edge 1470, and
opposite is a slightly curved edge 1472. The other shoulder plates described herein include
corresponding straight and curved edges and when placed according to the above teaching
provide the desired placement. Moreover, by locating the head portion of the plate at such a
large distance relative to the insertion of the supraspinatus (which is in distinction from the
significantly closer spacing in the prior art) the potential for interference between the head

portion of the plate and the acromion when the arm is raised is minimized.
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Referring to Fig. 31, another embodiment of a humeral fracture fixation system 1510 is
shown coupled to a shoulder 1500, with the posts 1514 extending across a fracture 1502. The
system 1510 includes a device 1512 having a plate-like head portion 1534, a neck 1515, and a
shaft 1530. The neck 1515 of the device is attached to the head portion 1534 so as to seat
intrafocally just below the fracture 1502. As a result of the forward location of the neck 1515,
one or more of the post holes 1537 in the plate-like head portion 1534 extends through the neck
1515. The post holes 1537 are preferably axially angularly offset relative to each other. In
contrast to the prior embodiments, the shaft portion 1530 of the device 1512 defines an
intramedullary nail sized to be inserted intrafocally (through the fracture) and then be received
witﬁin the medullary canal of the proximal humerus. Thus, the device 1512 is a “nail-plate.”
The shaft portion 1530 preferably extends from a lower central location of the head portion
1534, in distinction from the inferior end thereof. The shaft portion 1530 preferably tapers to
facilitate entry into the medullary canal and terminates in a smooth bend 1532 which facilitates
intrafocal entry of the end of the shaft, and further insertion into the medullary canal 1504. In
addition, the shaft portion 1530 is preferably offset relative to the head portion 1534, as the
shaft portion 1530 is intended to reside within the bone and the head portion 1534 is intended to
reside on the surface of the bone. Holes 1560, 1562 are provided in the shaft portion for
receiving fasteners. The holes 1560, 1562 are preferably threaded, and thus adapted to receive
machine screws which can pull the shaft portion 1530 against the cortex of the bone.
Alternatively non-threaded holes may be used, and standard cortical screws provided to couple
the shaft to the humeral cortex. “Nail-plates” are described in more detail in co-owned U.S.
Ser. No. 10/315,787, filed December 10, 2002, which is hereby incorporated by reference

herein in its entirety.

There have been described and illustrated herein embodiments of fracture fixation
systems and methods of stabilizing a fracture, particularly of the humerus. While particular
embodiments of the invention have been described, it is not intended that the invention be
limited thereto, as it is intended that the invention be as broad in scope as the art will allow and
that the specification be read likewise. Thus, while the preferred embodiments are for humeral
fracture fixation systems, it is appreciated that the system is well adapted to bone fractures of

any articular surface having a convex shape. Thus, the system of the invention could similarly
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be used to treat a fracture of the femoral head. In such variation, the angle between the head
and shaft portions may be different so that the head portion properly seats on the anatomy. In
addition, while a particular number of posts and cortical screws have been disclosed in relation
to particular embodiments, it will be understood that only one post is required, and fewer or
more cortical screw holes can be provided and/or screws can be used. Furthermore, while
cortical screws are disclosed for coupling the shaft portion to the bone, other fasteners can
likewise be used. Moreover, while the terms “posts’ and ‘pegs’ have been used to described
particular elements of the invention, it is understood that such terms are used as a matter of
convenience, and are not intended to confer particular structure when used in the claims. Thus,
what is referred to as a “post’ is intended to broadly read on any shaft-like fastener coupled to
the plate. Also, what is referred to as a ‘peg’ is intended to broadly read on any shaft-like
element which extends in transverse relation one of the posts and is (i) coupled to such post
and/or (ii) extends through a transverse hole formed within the post. Thus, the peg may be a

screw, a non-threaded rod, a K-wire, etc.

Furthermore, while left-hand humeral plates are shown, it is recognized that right-hand
humeral plates are generally mirror-images of the illustrated left-hand plates. Moreover, while
the system has been described for use with respect to fractures, it is appreciated that it may also
be used in the treatment of osteotomies and non-unions of the proximal humerus and other
bones having an articular surface with a convex shape. It will therefore be appreciatéd by those
skilled in the art that yet other modifications could be made to the provided invention without '

deviating from its scope as claimed.
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‘What is claimed is:

1. A fracture fixation system for a fracture of a head portion of a long bone having subchondral
bone defining a convex articular surface, said system comprising:

a) a plate;

b) a post elerﬁent extending from said plate portion and having a distal portion; and

c) support elements extendable from said distal portion of said post element and oriented and

sufficiently stiff so as to provide support to the subchondral bone.

2. A fracture fixation system according to claim 1, wherein:

said support elements are containable within said post element.

3. A fracture fixation system according to claim 1, wherein:
said support elements are configured to extend substantially parallel to the articular

surface.

4. A fracture fixation system according to claim 1, wherein:
said support elements are extendable from diametrically opposite sides of said post

element.

5. A fracture fixation system according to claim 1, wherein:
said support elements are curved defining convex and concave sides, said concave side

of said support elements facing said plate.

6. A fracture fixation system for a fracture of a head portion of a long bone having subchondral
bone defining a convex articular surface, said system comprising:

a) a plate; and

b) at least two post elements extending from said plate portion and having a distal portion,
each said post having a support element coupled thereto movable between non-deployed and
deployed configurations, wherein in said deployed configuration said post and said support
element define a greater surface area for supporting the subchondral bone than in said non-

deployed configuration.
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7. A fracture fixation system, comprising:

a) a plate including a post hole;

b) a post insertable into said post hole;

c) first means for rotationally fixing said post in said post hole in a predetermined orientation;
and

d) second means coupled to said plate for providing compression to a portion of said post

within said post hole.

8. A plate for a fracture fixation system for a fracture of a head portion of a long bone having
“subchondral bone defining a convex articular surface, said plate comprising:
a) a head portion having upper and lower surfaces;
b) a shaft portion extending from said head portion; and
c) a plurality of suture supports arranged about said head portion, said suture supports being

elevated relative to said lower surface of said head portion.

9. A plate according to claim 8, wherein:

said suture supports are discrete from each other.

10. A plate according to claim 9, wherein:
said suture supports are substantially radially arranged about a point on said head

portion.

11. A plate according to claim 9, wherein:

said suture supports include lateral openings for suture.

12. A plate for a fracture fixation system, comprising:

a head portion provided with six post holes, two of said post holes being anterior, two of said
post holes being posterior and two of said post holes being medial between said anterior and
posterior, one of said medial post holes being a proximalmost post hole and the other of said

medial post holes being a distalmost post hole, wherein axes of said anterior and posterior post
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holes are fixed and divergent from each other, and axes of said medial post holes are
convergent toward each other,

a shaft portion including a plurality of bone screw holes.

13. A plate for a fracture fixation system, comprising:
a head portion, a shaft portion angled relative to said head portion, an anterior side and a
posterior side, wherein said posterior side of said head portion is curved, and said anterior side

of said head portion and said shaft portion define a straight line.

14. A fixation device, comprising:

a head portion and a shaft portion, said head portion laterally and longitudinally offset from
said shaft portion by a neck portion,

said head portion including at least one post hole which also extends completely through said
neck portion, and

said shaft portion tapering in cross-sectional area in a direction away from said neck portion.

15. A fixation device according to claim 14, wherein:

said head portion and said shaft portion are generally parallel to each other.

16. A method for fixation of a proximal humeral fracture, comprising:

a) providing a plate including a head portion and a shaft portion, one side of the plate defining
a substantially straight edge;

b) locating the plate on the humerus 1.5 — 2.0 cm below the insertion of the supraspinatus and
with the straight edge of the plate aligned immediately posterior to the intertubercle groove; and

¢) coupling the plate to the humerus.

17. A method for fixation of a proximal humeral fracture, comprising:

a) providing a fixation device;

b) inserting at least a portion of a fixation device intrafocally into the medullary canal of the
humerus;

¢) reducing the fracture; and (

d) securing the fixation device to the humerus.
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18. A method according to claim 17, wherein:
said providing a fixation device includes providing a device having a plate portion and a
nail portion, and said inserting includes inserting said nail portion into the medullary canal

while said plate portion is positioned on outside of the humerus.

19. A fixation plate for use on a proximal humerus having a humeral head, comprising:

a head portion provided with a plurality of post holes, and at least one K-wire alignment hole
provided in a central portion of said head portion, said K-wire alignment hole being sized to
closely receive a K-wire and direct the K-wire toward a center of an articular surface of the
humeral head; and

a shaft portion including at least one cortical screw hole.

20. A method for treating a proximal humeral fracture, the proximal humerus including a
humeral head, said method comprising:

providing a fixation device having a plurality of post holes for receiving fixation post into the
humeral head, and a K-wire alignment hole which is sized to closely receive a K-wire and
direct the K-wire toward a center of an articular surface of the humeral head; and

inserting a K-wire through the K-wire alignment and toward the center of the articular surface.

21. A proximal humeral fracture fixation system, comprising:

a) a proximal humeral plate including a head portion with a post hole and a shaft portion with
at least one bone screw hole;

b) a post insertable into said post hole;

¢) first means for rotationally fixing said post in said a post hole in a predetermined
orientation; and

d) second means coupled to said post and extending transversely to said post.

22. A proximal humeral fracture fixation system according to claim 21, wherein:

said first means includes a cam.
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23. A proximal humeral fracture fixation system according to claim 21, wherein:

said first means includes a set screw.

24. A proximal humeral fracture fixations ystem according to claim 21, wherein:

said first means includes threads machined on said post hole and said post.
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