
(19) United States 
US 2006O173458A1 

(12) Patent Application Publication (10) Pub. No.: US 2006/0173458 A1 
Forstein et al. (43) Pub. Date: Aug. 3, 2006 

(54) BONE FRACTURE FIXATION SYSTEM 

(76) Inventors: Micah Forstein, Warsaw, IN (US); 
Chad Romack, Warsaw, IN (US); Brad 
Durcholz, Warsaw, IN (US); Gregory 
G. Price, Warsaw, IN (US); Scott A. 
Moon, Valparaiso, IN (US); Shrishail 
Nashi, Wyoming, IN (US) 

Correspondence Address: 
ZMMER TECHNOLOGY - BAKER & 
DANIELS 
111 EAST WAYNE STREET, SUITE 800 
FORT WAYNE, IN 46802 (US) 

(21) Appl. No.: 11/244,686 

(22) Filed: Oct. 6, 2005 

Related U.S. Application Data 

(60) Provisional application No. 60/616,680, filed on Oct. 
7, 2004. 

Publication Classification 

(51) Int. Cl. 
A6F 2/30 (2006.01) 

(52) U.S. Cl. ................................................................ 606/69 

(57) ABSTRACT 

A bone fracture fixation system including a bone plate 
having a contour that Substantially matches the contour of an 
underlying bone. The bone fracture fixation system can also 
include a jig that can be moved relative to non-parallel 
cannulas guided by the jig into operative position relative to 
a bone plate. In one embodiment, the jig includes grooves 
which do not completely surround the perimeter of the 
cannulas guided by the jig. The bone fracture fixation system 
can also include a jig including guides having a position and 
orientation which is adjustable relative to other ones of the 
guides. In one embodiment, the jig includes two portions 
that can articulate with respect to each other. The bone 
fracture fixation system can also include a wire bender that 
can bend a wire greater than 180 degrees so that both ends 
of the wire can be inserted into a fractured bone. 
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BONE FRACTURE FXATION SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001) This application claims the benefit under 35 U.S.C. 
S119(e) of U.S. Provisional Patent Application Ser. No. 
60/616,680, entitled ORTHOPAEDIC BONE PLATES, filed 
on Oct. 7, 2004, the entire disclosure of which is hereby 
expressly incorporated by reference herein. 

BACKGROUND 

0002) 1. Field of the Invention 
0003. The present invention relates to a bone fracture 
fixation system, and, more particularly, to a bone fracture 
fixation system including a periarticular bone plate. 
0004 2. Description of the Related Art 
0005 Bone plates can be used to treat fractured bones. 
Typically, a bone plate is secured to a bone to stabilize parts 
of a fractured bone while the bone mends. Periarticular bone 
plates are used to treat bone fractures adjacent a joint and 
typically include an elongate portion which is secured to the 
diaphysis of a bone and a flared portion which is attached to 
the metaphysis of the bone with, e.g., a plurality of screws. 
0006 Jigs can be used to assist a surgeon in aligning a 
fastener, such as a screw, with a hole or other cooperating 
structure of a bone plate. These jigs can include holes for 
receiving cannulas which facilitate alignment of fasteners 
with cooperating structures of the bone plate. In use, the jig 
holes align and Support the cannulas. Each jig hole has a 
continuous wall that defines an elongate hole in the jig. The 
jig holes are sized to closely surround the exterior wall of a 
cannula Such that the jig hole aligns the cannula with, e.g., 
a screw hole in the bone plate. Thereafter, the cannulas can 
be used to assist the Surgeon in guiding fasteners into 
operative position with respect to the bone plate. Typically, 
the longitudinal axes of the cannulas inserted in the jig holes 
are not parallel and therefore the jig is locked in position 
until the cannulas are removed from the jig. Specifically, 
because the jig holes are defined by continuous walls that 
closely surround the cannulas positioned therein, and the 
axes of the cannulas positioned within the jig holes are not 
parallel, the jig cannot be moved relative to the cannulas 
positioned in the jig holes of the jig. 
0007 Jigs are sometimes attached to a bone plate and 
used to assist a Surgeon in guiding the bone plate between 
the soft tissue and bone of a patient. These jigs can also serve 
as a guide for inserting fasteners into engagement with 
cooperating structures of a bone plate. In use, these jigs 
maintain a position external of the patient and include holes 
which are substantially aligned with the holes of the bone 
plate inserted under the soft tissue of the patient. The 
position and orientation of the jig holes with respect to one 
another are fixed and unadjustable. 
0008. On occasion, Kirshner wires, or “K-wires', are 
used to stabilize parts of a fractured bone while the bone 
mends. In use, a K-wire is inserted into the bone to anchor 
the K-wire and the excess length of the K-wire is removed, 
typically creating a sharp end. The sharp end of the wire can 
then be aligned with the surface of a bone plate or, if a bone 
plate is not used, aligned with the surface of the bone to 
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reduce impingement of the K-wire with the Surrounding soft 
tissue. Typically, the K-wire is bent with a wire bender. 

SUMMARY 

0009. The present invention, in one form, includes a bone 
fracture fixation system including a bone plate. In one 
embodiment thereof, the bone plate has a contour that 
Substantially matches the contour of an underlying bone. In 
one embodiment, the bone plate is twisted about its longi 
tudinal axis such that it substantially matches the contour of 
a bone. In another embodiment, the bone plate is bowed 
along its longitudinal axis such that it substantially matches 
the contour of a bone. The bone plate of certain embodi 
ments of the present invention includes screw holes having 
non-parallel longitudinal axes. In one embodiment, the 
perimeter of the bone plate is contoured to facilitate the 
insertion of the bone plate into a patient’s body and to reduce 
impingement between the Surrounding soft tissue and the 
bone plate. 

0010. The present invention, in one form, includes a bone 
fracture fixation system including a jig. In one embodiment, 
the jig can be moved relative to non-parallel cannulas guided 
by the jig into operative position relative to a bone plate. In 
one embodiment, the jig includes grooves which do not 
completely surround the perimeter of the cannulas guided by 
the jig. Because the cannulas of this embodiment are posi 
tioned within a groove and not in a hole defined by a 
continuous wall, the jig can be moved relative to two 
non-parallel cannulas guided by the jig into position relative 
to the bone plate. 
0011. In one embodiment, the present invention includes 
a jig having guides such as holes, certain ones of which 
having a position and orientation which is adjustable relative 
to other ones of the guides. In one embodiment, the jig 
includes two portions that can articulate with respect to each 
other. In use, a Surgeon can align the two jig portions with 
the bone plate and secure the orientation of the jig portions 
to thereby Substantially align holes in the jig portions with 
screw holes in the bone plate. In one embodiment, a fastener 
is used to secure the orientation of the jig portions. 
0012. The present invention, in one form, includes a bone 
fracture fixation system including a wire bender. In one 
embodiment thereof, a wire bender can bend a K-wire 
greater than 180 degrees about an axis. In certain embodi 
ments, the wire bender includes a mandrel that bends a 
K-wire between two connected supports. In certain embodi 
ments, the wire bender includes a positive return member to 
lift the K-wire from between the two supports after it has 
been bent. 

0013 In one embodiment, a bone fracture fixation system 
comprises a bone plate, a guide having an axis and a 
perimeter in a plane Substantially perpendicular to the axis, 
and a jig aligned with the bone plate, the jig comprising a 
body having a first groove sized to receive and orient the 
guide relative to the bone plate, wherein the first groove only 
partially encloses the perimeter of the guide. 

0014. In one embodiment, a method of aligning a guide 
with a bone plate comprises the steps of aligning a jig with 
the bone plate, the jig having a groove sized to receive the 
guide, inserting a guide into the groove of the jig, aligning 
the guide with the groove, and translating the jig away from 
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the bone plate in a direction not parallel to a longitudinal 
axis of the guide, while maintaining the guide in alignment 
with the bone plate. 
0015. In one embodiment, a bone fracture fixation system 
comprises a bone plate, a first guide, the first guide having 
a longitudinal axis, and a jig aligned with the bone plate, the 
jig comprising a body having alignment means for aligning 
the first guide with the bone plate and for allowing transla 
tion of the jig relative to the bone plate in a direction that is 
not parallel to the longitudinal axis of the first guide, when 
the first guide is aligned with the bone plate. 
0016. In one embodiment, a bone fracture fixation system 
comprises a bone plate, and a jig adapted to align with the 
bone plate, wherein one of the bone plate and the jig includes 
a first projection having a geometry, the other of the bone 
plate and the jig including a first recess having a geometry 
complementary to the geometry of the first projection. 
0017. In one embodiment, a jig for aligning a guide with 
a bone plate comprises a first body adapted to align with the 
bone plate about a first axis, a second body adapted to align 
with the bone plate, the second body having a guide Surface 
sized for receiving the guide, the second body movably 
secured to the first body, the second body movable with 
respect to the first body about a second axis, the second axis 
non-collinear with the first axis. 

0018. In one embodiment, a jig for aligning a guide with 
a bone plate comprises a first body adapted to align with a 
bone plate, a second body adapted to align with the bone 
plate, the second body having a guide Surface sized for 
receiving a guide, the second body movably secured to the 
first body, and articulating means for allowing the second 
body to articulate with respect to the first body to align the 
second body with the bone plate. 
0019. In one embodiment, a method of adapting a jig to 
a bone plate comprises aligning a first body of the jig with 
the bone plate about a first axis, attaching the first body of 
the jig to the bone plate, the jig including a second body 
movably secured to the first body, the second body movable 
with respect to the first body about a second axis non 
collinear with the first axis, and aligning the second body 
with respect to the bone plate. 
0020. In one embodiment, a wire bender comprises a first 
member, and a second member pivotally mounted to the first 
member, the first member having a handle at a first end and 
two Supports at a second end, the second member having a 
handle at a first end and a mandrel at a second end, the 
mandrel movable between the supports to bend a wire 
between the supports, the second member further including 
a projection, the projection and the mandrel defining a recess 
for receiving the wire, whereby the projection may lift the 
wire from between the supports after the wire is bent. In an 
alternative embodiment, the mandrel includes a wire-con 
tacting Surface having a geometry about which a wire can be 
bent greater than 180 degrees when the mandrel is moved 
between the supports. In a further alternative embodiment, 
the Supports are connected to enclose a recess for receiving 
the mandrel. 

0021. In one embodiment, a tibial bone plate comprises a 
shaft portion sized for attachment to the diaphysis of a tibia, 
a flared head portion sized for attachment to the metaphysis 
of the tibia, the shaft portion and the flared head portion 
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intersecting to define a generally L-shaped body, and a third 
portion extending from at least one of the elongate portion 
and the flared head portion proximal to the intersection of 
the flared head portion and the elongate portion. In an 
alternative embodiment, the third portion includes an aper 
ture for receiving a fastener. In a further alternative embodi 
ment, the third portion forms a step between the flared head 
portion and the shaft portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022. The above-mentioned and other features and 
advantages of this invention, and the manner of attaining 
them, will become more apparent and the invention itself 
will be better understood by reference to the following 
description of embodiments of the invention taken in con 
junction with the accompanying drawings, wherein: 

0023 FIG. 1 is an elevational view of a distal lateral 
femoral bone plate in accordance with an embodiment of the 
present invention; 
0024 FIG. 2 is a side elevational view of the bone plate 
of FIG. 1; 
0.025 FIG. 3 is an end view of the bone plate of FIG. 1; 
0026 FIG. 4 is a cross-sectional view of the bone plate 
of FIG. 1 taken along line 4-4 of FIG. 1; 
0027 FIG. 5 is a cross-sectional view of the bone plate 
of FIG. 1 taken along line 5-5 of FIG. 1; 
0028 FIG. 6 is a perspective view of the bone plate of 
FIG. 1 positioned on a femur, 
0029 FIG. 7 is an elevational view of a distal medial 
tibial bone plate in accordance with an embodiment of the 
present invention; 
0030 FIG. 8 is a perspective view of the bone plate of 
FIG. 7 positioned on a tibia; 
0031 FIG. 9 is an elevational view of a proximal lateral 

tibial bone plate in accordance with an embodiment of the 
present invention; 
0032 FIG. 10 is a proximal view of the bone plate of 
FIG. 9 positioned on a tibia; 
0033 FIG. 11 is a perspective view of the bone plate of 
FIG. 9 positioned on a tibia; 
0034 FIG. 12 is an elevational view of a distal radial 
dorsal delta bone plate in accordance with an embodiment of 
the present invention; 
0035 FIG. 13 is a perspective view of the bone plate of 
FIG. 12 positioned on a radius; 
0036 FIG. 14 is an elevational view of a distal radial 
dorsal T-plate in accordance with an embodiment of the 
present invention; 
0037 FIG. 15 is a perspective view of the bone plate of 
FIG. 14 positioned on a radius; 

0038 FIG. 16 is an elevational view of a distal lateral 
tibial plate in accordance with an embodiment of the present 
invention; 
0.039 FIG. 17 is a perspective view of the bone plate of 
FIG. 16 positioned on a tibia; 
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0040 FIG. 18 is an elevational view of a distal radial 
Volar medial column bone plate in accordance with an 
embodiment of the present invention: 
0041 FIG. 19 is a perspective view of the bone plate of 
FIG. 18 positioned on a radius; 

0.042 FIG. 20 is an elevational view of a distal radial 
Volar lateral column bone plate in accordance with an 
embodiment of the present invention: 
0043 FIG. 21 is a perspective view of the bone plate of 
FIG. 20 positioned on a radius; 
0044 FIG. 22 is a second perspective view of the bone 
plate of FIG. 20 positioned on a radius: 

0045 FIG. 23 is an elevational view of a proximal lateral 
humeral bone plate in accordance with an embodiment of 
the present invention; 
0046 FIG. 24 is a perspective view of the bone plate of 
FIG. 23 positioned on a humerus; 
0047 FIG. 25 is a perspective view of a prior art proxi 
mal lateral tibial bone plate: 
0.048 FIG. 26 is an elevational view of a second proxi 
mal lateral tibial bone plate in accordance with an embodi 
ment of the present invention; 
0049 FIG. 27 is a perspective view of the bone plate of 
FIG. 26 positioned on a tibia; 
0050 FIG. 28 is a perspective view of a distal radial 
styloid plate in accordance with an embodiment of the 
present invention positioned on a radius; 

0051 FIG. 29 is a top elevation view of the distal radial 
styloid plate of FIG. 28; 

0.052 FIG. 30 is a bottom elevation view of the distal 
radial styloid plate of FIG. 28: 

0053 FIG.31 is a side elevation view of the distal radial 
styloid plate of FIG. 28; 

0054 FIG. 32 is a second side elevation view of the 
distal radial styloid plate of FIG. 28: 

0055 FIG. 33 is an end view of the distal radial styloid 
plate of FIG. 28; 

0056 FIG. 34 is a second end view of the distal radial 
styloid plate of FIG. 28; 

0057 FIG. 35 is a perspective view of a wire bender in 
accordance with an embodiment of the present invention; 

0.058 FIG. 36 is a detail view of the wire bender of FIG. 
35; 

0059 FIG. 37 is an end view of the wire bender of FIG. 
35; 

0060 FIG. 38 is perspective view of a jig in accordance 
with an embodiment of the present invention positioned on 
a bone plate; 

0061 FIG. 39 is a perspective view of the jig of FIG.38 
being removed from the bone plate: 

0062 FIG. 40 is a perspective view of the jig of FIG.38: 
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0063 FIG. 41 is a perspective view of a second jig in 
accordance with an embodiment of the present invention 
positioned over a bone plate; and 
0064 FIG. 42 is a detail view of the jig of FIG. 41. 
0065 Corresponding reference characters indicate corre 
sponding parts throughout the several views. The exempli 
fications set out herein illustrate preferred embodiments of 
the invention and Such exemplifications are not to be con 
Strued as limiting the scope of the invention any manner. 

DETAILED DESCRIPTION 

Bone Plates 

0066 Periarticular bone plates, such as the bone plates 
illustrated in FIGS. 1-34, are affixed to the metaphysis and 
diaphysis of a broken bone, such as a femur, a tibia, a fibula, 
a humerus, an ulna and/or a radius, to stabilize the bone 
during the healing process. Certain periarticular bone plates 
are illustrated and described in U.S. Pat. No. 5,938,664, U.S. 
Pat. No. 6,355,042, U.S. Pat. No. 6,682,531, and U.S. 
Published Patent Application No. 2004/04186477, the entire 
disclosures of which are hereby explicitly incorporated by 
reference herein. Additionally, Surgical techniques utilizing 
the periarticular bone plates disclosed herein are illustrated 
and described in Zimmer Periarticular Distal Radial Locking 
Plates Surgical Technique, Zimmer Periarticular Proximal 
Humeral Locking Plate Surgical Technique, Zimmer Peri 
articular Distal Femoral Locking Plate Surgical Technique, 
Zimmer Periarticular Proximal Tibial Locking Plate Surgi 
cal Technique, Zimmer Periarticular Distal Tibial Locking 
Plates Surgical Technique, and Zimmer Periarticular Radial 
Styloid Locking Plate Surgical Technique, distributed by 
Zimmer, Inc., Warsaw, Ind., copies of which are attached as 
an appendix hereto, the disclosures of which are hereby 
explicitly incorporated by reference herein. 
0067 Referring to FIGS. 1-6, femoral bone plate 50 
includes head 52 for attachment to metaphysis 53 (FIG. 6) 
of femur 51 and plate shaft 54 for attachment to the 
diaphysis of femur 51. In particular, head 52 is sized and 
configured to rest on the distal metaphysis of a femur, i.e., 
head 52 includes bone-contacting surface 56 (FIG. 2) which 
is contoured to substantially match the contour of distal 
femoral metaphysis 53. In one embodiment, bone plate 50 
includes an intermediate portion having a thin cross-section 
relative to the cross-sections of intermediate head 52 and 
plate shaft 54. In this embodiment, in use, if head 52 does 
not match the contour of metaphysis 53, a Surgeon may 
permanently contour head 52 against metaphysis 53 via 
bone screws, thereby deflecting the intermediate portion. 
Thereafter, the surgeon can screw head 52 to metaphysis 53 
to retain head 52 in place. Alternatively, the intermediate 
portion can be deflected when head 52 is fastened to the 
bone. 

0068 Head 52 further includes head perimeter 58 and 
bevel 60 which reduces the thickness of the bone plate at 
head perimeter 58. As illustrated in FIG. 1, bevel 60 extends 
around head 52 between point 65 and point 69. When bone 
plate 50 is placed in the body, the reduced thickness of the 
bone plate at head perimeter 58 reduces the potential for 
impingement between the Surrounding soft tissue and bone 
plate 50. More particularly, the reduced thickness of the 
bone plate facilitates the positioning of the soft tissue over 
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the bone plate after the bone plate has been placed in the 
body. Also, the reduced thickness of the bone plate facilitates 
the movement of the soft tissue over the bone plate during 
the healing process. In one embodiment, the non-beveled 
portions of head 52 of femoral plate 50 are approximately 
0.125"-0.150" thick. In this embodiment, bevel 60 decreases 
in thickness from the thickness of the non-beveled portion of 
head 52 to a thickness of approximately 0.035"-0.040" at 
head perimeter 58. In this embodiment, the change in 
thickness along bevel 60 occurs over a minimum length of 
approximately 0.079", i.e., the shortest distance from the 
largest thickness of bevel 60 to the smallest thickness of 
bevel 60 is approximately 0.079". The length of the bevel 
may be shorter than 0.079" with respect to the ends of the 
bevel, i.e., proximal to points 65 and 69, to provide a smooth 
transition to the remainder of the bone plate head. As 
illustrated in FIG. 2, bevel 60 gradually decreases the 
thickness of head 52 between line 57 and perimeter 58 at a 
Substantially constant rate. In another embodiment, the 
thickness of head 52 at head perimeter 58 is approximately 
20% of the thickness of the substantially unbeveled portion 
of the bone plate head. In a further embodiment, the non 
beveled portions of a bone plate head are approximately 
0.100"-0.125" thick, while the thickness of the bone plate 
head at its perimeter is approximately 0.030"-0.050". In this 
embodiment, the change in thickness along bevel 60 occurs 
over a minimum length of approximately 0.147", i.e., the 
shortest distance from the largest thickness of bevel 60 to the 
smallest thickness of bevel 60 is approximately 0.147". In 
another embodiment, the thickness of the bone plate head at 
its perimeter is less than or equal to 50% of the thickness of 
the unbeveled portion of the bone plate head. In other 
embodiments, the bevel can extend from screw holes in the 
bone plate head to the perimeter of the bone plate head. In 
certain embodiments, the bevels extend from a location 
adjacent the screw holes to the perimeter. 
0069. Shaft 54 of distal femoral plate 50 is sized and 
configured to rest on the diaphysis of the femur, i.e., shaft 54 
includes bone-contacting surface 68 (FIG. 2) which is 
contoured to substantially match the contour of the femur. 
Plate shaft 54, referring to FIGS. 1-3, further includes tail 
74. Tail 74 includes bevels 76 and 78 (FIG. 1) which reduce 
the anterior-posterior thickness of shaft 54 between anterior 
side 80 and posterior side 82 of distal femoral plate 50. Tail 
74 further includes bevel 86 (FIG. 2) which reduces the 
thickness of the bone plate between bone-contacting Surface 
68 and surface 88 facing away from the bone. Bevels 76, 78 
and 86 reduce the thickness of tail 74 into a beveled tip 90. 
In use, tip 90 facilitates insertion of bone plate 50 between 
femur 51 and the surrounding soft tissue. 
0070). In one embodiment of bone plate 50, bevels 76, 78 
and 86 are each angled inwardly toward tip 90 with respect 
to anterior side 80, posterior side 82 and surface 88, respec 
tively, at an angle between approximately 18 and 25 degrees. 

0071. The cross-sectional thickness of plate shaft 54, i.e., 
thickness 70 (FIGS. 4 and 5), is substantially constant along 
the length of plate shaft 54. Shaft 54 includes portions 72 
intermediate adjacent threaded screw holes 62 and elongate 
screw holes 94. Portions 72 include scallops 75 (FIG. 5) 
which reduce the cross-section of plate shaft 54. Although 
bone plate 50 is contoured to match the contour of femur 51, 
where femur 51 represents an average femur, bone plate 50 
may not fit to the femur of a particular patient. In these 
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circumstances, a surgeon may bend bone plate 50 to fit the 
patient’s bone. The reduced cross-section of portions 72 
facilitates bending between the screw holes. 
0072 Similar to plate shaft 54, head 52 includes threaded 
holes 62 for receiving screws that fasten bone plate 50 to 
femur 51. In this embodiment, threaded holes 62 in head 52 
are the same as holes 62 in shaft 54, however, in other 
embodiments, they may be different, e.g., they may have 
different diameters. 

0073) Referring to FIG. 4, each threaded hole 62 is 
defined by a conical wall (63) having threads 66 extending 
therefrom. Threaded holes 62 can receive, referring to FIG. 
6, screws 64 having threaded head 67 and threaded shaft 68. 
The threads on head 67 are configured to threadingly engage 
threads 66 of holes 62, while the threads on shaft 68 are 
configured to engage the bone underlying the bone plate. 
Owing to the threaded engagement of screws 64 and 
threaded holes 62, the orientations of screws 64 relative to 
bone plate 50 are fixed along axes 92 (FIG. 6). More 
particularly, the orientation of threaded head 67 is controlled 
by the orientation of conical wall 63 and threads 66. Accord 
ingly, as the Surgeon cannot change the orientation of screws 
64, the quantity and orientations of threaded holes 62 are 
selected Such that a fracture, and the fragments thereof, may 
be fully engaged by Screws 64. 
0074 Axes 92 of screw holes 62 in bone plate 50 are 
substantially parallel with each other, however, other bone 
plates may have screw hole axes that are not parallel. Distal 
medial tibial bone plate 130 (FIGS. 7 and 8) includes head 
131 for attachment to distal metaphysis 133 of tibia 134 and 
plate shaft 132 for attachment to diaphysis 135 of tibia 134. 
Similar to bone plate 50, and referring to FIG. 8, axes 92 of 
screw holes 62 in head 131 are substantially parallel when 
viewed from the posterior of tibia 134. However, bone plate 
130 further includes strut screw hole 63 having axis 93 
which is oriented transverse to axes 92 of screw holes 62. In 
use, a screw 64 can be inserted into hole 63 to secure bone 
fragments of a fractured metaphysis from a different direc 
tion than screws inserted into the fragments along axes 92. 
0075. In at least one embodiment, axes 92 of screw holes 
62 in the head of a bone plate are non-parallel. Referring to 
FIGS. 9-11, proximal lateral tibial plate 110 includes head 
112 contoured to match the contour of a proximal lateral 
tibial metaphysis, i.e., metaphysis 111 of tibia 113, and plate 
shaft 114 sized and configured to match the contour of 
diaphysis 109 of the tibia 113. As illustrated in FIG. 11, axes 
92 of screw holes 62 converge in tibia 113. 
0076 Another bone plate, i.e., distal radial dorsal delta 
bone plate 116, illustrated in FIGS. 12 and 13, also has a 
converging screw pattern. Bone plate 116 includes head 117 
sized and configured to match the contour of distal dorsal 
metaphysis 118 of radius 119 and plate shaft 115 sized and 
configured to match the contour of the diaphysis of radius 
119. 

0077. Another bone plate, i.e., distal radial dorsal T-plate 
136, illustrated in FIGS. 14 and 15, also has a converging 
screw pattern. Bone plate 136 includes head 137 sized and 
configured to match the contour of distal metaphysis 118 of 
radius 119 and plate shaft 138 sized and configured to match 
the contour of the diaphysis of radius 119. 
0078. Another bone plate, i.e., distal lateral tibial plate 
139, illustrated in FIGS. 16 and 17, also has a converging 
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screw pattern. Bone plate 139 includes head 140 sized and 
configured to match the contour of distal anterolateral meta 
physis 141 of tibia 142 and plate shaft 143 sized and 
configured to match the contour of diaphysis 144 of tibia 
142. 

0079. In other bone plates, axes 92 of threaded screw 
holes 62 in the head of the bone plate diverge in the bone. 
Referring to FIGS. 18 and 19, distal radial volar medial 
column bone plate 145 includes head 146 contoured to 
match the contour of a distal Volar radial metaphysis, i.e., 
metaphysis 147 of radius 148, and plate shaft 149 sized and 
configured to match the contour of the diaphysis of radius 
148. 

0080. As illustrated in FIG. 19, axes 92 of screw holes 62 
substantially diverge with respect to each other in radius 
148. Another bone plate, i.e., distal radial volar lateral 
column bone plate 81, illustrated in FIGS. 20-22, also has 
a diverging screw pattern. Bone plate 81 includes head 83 
sized and configured to match the contour of metaphysis 147 
of radius 148, and plate shaft 85 sized and configured to 
match the contour of the diaphysis of radius 148. 
0081 Regardless of whether axes 92 of screw holes 
converge in the bone or diverge, the length and/or trajectory 
of screws 64 are selected such that the screws do not 
penetrate into the articular surfaces of the joint. In some 
embodiments, the axes of Screws 64 are Substantially par 
allel to the articular surfaces of the joint. In addition, in some 
embodiments, the axes of screws 64 are substantially par 
allel to each other. In these embodiments, the screws can 
extend through the bone plate all the way across the bone, 
Sometimes to the far bone cortex, to capture bone fragments 
on the opposite side of the bone, thereby potentially elimi 
nating the need for a second bone plate secured to the 
opposite side of the bone. Advantageously, Substantially 
parallel screws extending through the bone plate head can 
Support the metaphysis of a bone such as, for example, the 
tibial plateau. Also, advantageously, parallel screws can hold 
portions of a fractured bone relative to each other although 
a part of the bone has been comminuted or cannot otherwise 
be affixed to the bone plate. 
0082. As discussed above, referring to FIGS. 1 and 4. 
plate shaft 54 of bone plate 50 includes elongate non 
threaded holes 94. Holes 94 include elongate length 95 and 
shorter transverse length 96 which is substantially equal to 
the diameter of circular portions 97. Holes 94 further include 
chamfer 98 extending around the periphery thereof. In use, 
screws are inserted into holes 94 to lag bone fragments to the 
bone plate. More particularly, in one embodiment, the head 
of the bone screw is compressed against chamfer 98 and the 
bone fragment is compressed against the bottom Surface of 
the bone plate. Holes 94 permit screws inserted therein to be 
oriented in a variety of orientations as holes 94 do not have 
threads to threadingly engage and control the orientation of 
the screw heads. Accordingly, these holes permit the Surgeon 
to select the orientations of the screws, insert the screws into 
the holes in the selected orientation, and compress them to 
the plate. 

0083. In one embodiment, the thickness of the bone plate, 
i.e., the height of the bone plate from the bone contacting 
Surface to the opposite-facing Surface, is thin. In one 
embodiment, a proximal lateral tibial bone plate. Such as 
bone plate 110 (FIGS. 9 and 10), e.g., is approximately 
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0.125" thick. In another embodiment, a distal femoral bone 
plate, such as bone plate 50 (FIGS. 1-6), e.g., is approxi 
mately 0.200" thick. In another embodiment, the heads of 
screws in the bone plate screw holes sit substantially flush 
with the top surface of the bone plate. More particularly, in 
one embodiment, the tops of the screw heads do not extend 
more than one millimeter above the top surface of the bone 
plate. As a result, the bone screws are less likely to impinge 
on the Surrounding soft tissue and, further, the patient is less 
likely to feel the screw heads protruding from the bone plate. 
0084) Referring to FIGS. 1-5, distal femoral bone plate 
50 includes longitudinal axis 99 about which bone plate 50 
is contoured to match the contour of the femur. More 
particularly, bone plate 50 is curved and twisted about 
longitudinal axis 99 such that plate shaft 54 of bone plate 50 
substantially abuts the bone. In the present embodiment, 
plate shaft 54, as viewed from end 100, is formed such that 
the cross-section of shaft 54 rotates about longitudinal axis 
99 in a clockwise direction along the length of axis 99. 
Stated in another way, referring to FIGS. 2, 3 and 5, sides 
80 and 82 rotate about longitudinal axis 99 along its length. 
A bone plate as described above may allow screws to be 
inserted into the underlying bone at different angular orien 
tations along the length of the bone such that, for example, 
the screws inserted into the bone through the head of the 
bone plate are oriented at different angles than screws 
inserted into the bone through the bone plate shaft. In 
another example, the screws inserted into the bone through 
the bone plate shaft can be oriented in different radial 
directions with respect to a central axis of the bone diaphy 
sis, as the bone plate shaft is twisted about the diaphyseal 
axis to accommodate for these different trajectories. 
0085 Bone plate 50, referring to FIG. 2, is also con 
toured to match the anatomical bow of the femur along its 
length. More particularly, bone plate 50 includes curvature 
102 along the length of the bone plate which matches the 
anatomical bow of the diaphysis of the femur. Other bone 
plates of the present invention have twists and curves Such 
that the bone plates substantially abut a particular bone at a 
particular location. For example, proximal lateral humeral 
plate 105 (FIGS. 23 and 24) is configured to abut against the 
anatomic contours of a proximal lateral humerus. In some 
embodiments, each humeral plate 105, e.g., is contoured to 
match the contours of either a left humerus or a right 
humerus, but not both. In other embodiments, plates 110. 
130, 139 and 312 (FIGS. 7-11, 16-17 and 26-27) are 
configured to abut against the anatomic contours of a tibia, 
and plates 81, 116, 136, 145 and 150 (FIGS. 12-15, 18-22 
and 28-34) are configured to abut against the anatomic 
contours of a distal radius. In some embodiments, the 
contour of a bone plate matches the contour of one of a 
medial or lateral side of a bone. In some embodiments, a 
lateral bone plate, for example, may match the lateral sides 
of both a left and a right bone such as, e.g., a left and right 
tibia. 

0086) Referring to FIGS. 23 and 24, humeral plate 105 
includes head 106 sized and configured to match the contour 
of the proximal metaphysis of the humerus, i.e., metaphysis 
107 of humerus 108, and plate shaft 109 sized and config 
ured to match the contour of the diaphysis of humerus 108. 
In one embodiment, head 106 covers more of the posterior 
side of the humeral head than the anterior side of the 
humeral head. More particularly, head 106 includes smaller 
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portion 125 on the anterior side of the centerline of the 
humerus, represented by axis 126, than larger portion 127 on 
the posterior side of centerline axis 126. The heads of 
previous proximal lateral humeral plates were substantially 
symmetrical about the centerline of the humerus and cov 
ered the anterior and posterior sides of the humeral head 
substantially equally. The present embodiment allows 
screws having threaded heads to enter from the posterior 
side of the humerus to secure bone fragments to the bone 
plate. In particular, screws 64 can be inserted into posterior 
holes 128 along fixed orientations 129 that that were not 
previously available in existing bone plates. Also, humeral 
plate 105 permits screws 64 to be inserted into bone plate 
head 106 in both converging and diverging screw patterns. 
Advantageously, in the present embodiment, having both 
converging and diverging screw patterns in the bone plate 
head Substantially prevents proximal humeral metaphysis 
107, and/or the fragments thereof, from rotating with respect 
to humeral diaphysis 108. 

0087. Referring to FIG. 25, prior art proximal lateral 
tibial plate 300 includes flared head portion 302 extending 
from plate shaft portion 304. Existing lateral tibia plate 300 
is generally L-shaped having a substantially right angle or 
90° corner 306 at the intersection of flared head portion 302 
and plate shaft 304. Referring to FIGS. 9-11, the bone plate 
of the present invention, i.e., proximal lateral tibial plate 
110, while generally L-shaped, includes third portion 308 
extending from the corner between flared head 112 and plate 
shaft 114 of bone plate 110, as illustrated in FIG. 9. More 
particularly, in this embodiment, third portion 308 forms a 
step between flared head 112 and shaft 114. Third portion 
308 permits an additional screw hole 310 to be placed in 
bone plate 110. Screw hole 310 permits a surgeon to insert 
a screw into the bone along a trajectory that was not 
available in previous bone plates. 

0088 Plate 110 includes threaded screw holes 62 that are 
sized for receiving screws having shafts approximately 3.5 
mm in diameter and heads approximately 5.6 mm in diam 
eter. As discussed in further detail below, these screws are 
aligned with the axes of screw holes 62 before they are 
threaded into the bone. To facilitate this alignment, these 
screws may be cannulated Such that they can be guided into 
place with a guide wire. In another embodiment, proximal 
lateral tibial bone plate 312 (FIGS. 26 and 27) includes 
screw holes 62 sized for receiving screws having shafts 
approximately 5.5 mm in diameter and heads approximately 
8.0 mm. 

0089) Plate 312 is similar to plate 110, except for the size, 
quantity and location of screw holes 62 in the head of the 
bone plate. Further, in the illustrated embodiment, bone 
plate 312 is shorter than bone plate 110 and has screw holes 
in the plate shaft. However, bone plates 312 and 110 are not 
limited to the lengths and the quantities of Screw holes 
illustrated. It is contemplated that different embodiments of 
the bone plates of the present invention will have different 
lengths and quantities of Screw holes. 

0090 The bone plates discussed above may include fea 
tures for assisting a Surgeon in positioning the bone plates in 
the body. In particular, distal lateral femoral bone plate 50 
may include guide hole 59 which can receive a guide rod to 
position bone plate 50 in the body. More particularly, after 
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bone plate 50 has been placed under the soft tissue of the 
patient, the guide rod can be used to shift bone plate 50 into 
place. 

0091. A bone plate, e.g., distal radial dorsal delta bone 
plate 116, may also have guide slot 61. In use, guide slot 61 
receives the first screw inserted into the bone through the 
bone plate. Thereafter, a surgeon may slide bone plate 116 
along the bone to position bone plate 116 in the patient. 
Thereafter, additional screws are inserted through screw 
holes in the bone plate to secure the bone plate to the bone. 

Radial Styloid Plate 

0092 Referring to FIGS. 28-34, distal radial styloid plate 
150 includes head portion 152 and plate shaft portion 154. 
Head portion 152 is contoured to substantially match the 
contour of distal metaphysis 153 of radius 158, while shaft 
portion 154 is contoured to substantially match the contour 
of the diaphysis of radius 158. Distal radial styloid plate 150 
can be used to stabilize fractures of the radius that include 
a fracture of, or a fracture surrounding, styloid process 157. 
In use, distal radial styloid plate 150 is configured to overlie 
radial styloid process 157 such that a fractured or dislodged 
styloid process 157 may be fastened to the radius. 

0093 Plate shaft portion 154 includes threaded screw 
holes 62 and elongate non-threaded screw holes 94. As 
discussed above, threaded holes 62 can receive screws 
having threaded heads to fix the position of bone fragments 
relative to the bone plate while screws inserted through 
elongate holes 94 can compress bone fragments to the bone 
plate. Head portion 152 includes K-wire holes 164 for 
receiving K-wires and, in one embodiment, at least one 
threaded hole 62. K-wires are typically long, somewhat rigid 
wires inserted into a bone, as discussed in further detail 
below. K-wire holes 164 of distal radial styloid plate 150 are 
sized and configured for receiving K-wires which are 
inserted into the bone. In certain embodiments, K-wires 
holes 164 are slightly larger than the outside diameter of the 
K-wires. In other embodiments, referring to FIG. 28, K-wire 
holes 164 are substantially larger than the outside diameter 
of the K-wires to provide flexibility in the positioning of 
plate 150 and the K-wires. In the present embodiment, 
K-wire holes 164 are substantially round and unthreaded. 

0094) In use, referring to FIG. 28, K-wire 166 can be 
inserted through one of K-wire holes 164 and driven into the 
bone to either hold bone plate 150 in place against the bone 
or fasten bone fragments together. Typically, after K-wire 
166 has been inserted into the bone, K-wire 166 will extend 
from top surface 168 of distal radial styloid plate 150. In 
most circumstances, K-wire 166 is cut to a shorter length, 
however, the cut end of K-wire 166, i.e., cut end 170, is 
typically sharp. Previously, to prevent cut end 170 from 
damaging or impinging on Surrounding soft tissue, cut end 
170 was bent flush against the top surface of the bone plate. 
The present embodiment of the invention includes bending 
cut end 170 toward the bone such that cut end 170 is 
positioned within a second K-wire hole 164. As a result, cut 
end 170 is substantially prevented from impinging upon the 
surrounding soft tissue. In some embodiments, cut end 170 
may be driven into the bone through the second K-wire hole 
164. Driving cut end 170 into the bone provides an added 
advantage of further securing distal radial styloid plate 150 
to the bone. 
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Wire Bender 

0.095 A K-wire bender, such as K-wire bender 172, can 
be used to bend K-wires as described above. Referring to 
FIGS. 35-37, K-wire bender 172 includes first member 174 
and second member 176 pivotally attached to first member 
174 at pivot 178. First member 174 includes handle 180 on 
a first end and two supports, i.e., supports 173 and 175, 
extending from second end 177. Second member 176 
includes handle 184 on a first end and mandrel 186 extend 
ing from second end 179. Referring to FIGS. 35-37, sup 
ports 173 and 175 are connected together by closed end 183 
and define recess 185. Closed end 183 assists in preventing 
supports 173 and 175 from splaying outwardly when the 
wire is bent between the supports and mandrel 186, as 
discussed in further detail below. First member 174 further 
includes spring member 187 fastened thereto and second 
member 176 further includes spring member 188 fastened 
thereto. Spring member 187 includes distal end 181 having 
window 182 for receiving projection 183 on spring member 
188. 

0096. In use, when handles 180 and 184 are brought in 
close apposition to each other, i.e., moved into a closed 
position of bender 172, spring members 187 and 188 are 
resiliently compressed against one another via the interac 
tion of projection 183 and an edge of window 182. When 
compressed, spring members 187 and 188 assert a force 
against handles 180 and 184 opposing the closing motion. 
When either handle 180 or 184 is released, spring members 
187 and 188 bias, i.e., return, bender 172 into an open 
position illustrated in FIG. 35. Projection 183 of spring 
member 188 further includes head 189 which is wider than 
window 182. Projection head 189 prevents spring members 
187 and 188 from separating when bender 172 is opened. 

0097. In use, a K-wire, such as K-wire 166 (FIG. 28), is 
inserted through recess 190 defined by mandrel 186 and 
projection 192 of second member 176. To facilitate the 
accurate placement of the K-wire in recess 190, supports 183 
and 185 each include a recess 191 sized for receiving and 
positioning the K-wire. Thereafter, the K-wire is bent by 
compressing first member 174 and second member 176 
towards one another against the resilient spring force of 
spring members 187 and 188. More specifically, mandrel 
186 is moved toward supports 173 and 175 until mandrel 
186 contacts the K-wire. The K-wire is then driven through 
and bent between supports 173 and 175 by mandrel 186 as 
mandrel 186 enters recess 185. 

0098 Previous K-wire benders could bend a K-wire up to 
180 degrees around a mandrel, however, when the K-wire 
was released from the bender, the K-wire would spring back 
to an angle less than 180 degrees owing to the resiliency of 
the K-wire material. In the present embodiment, a K-wire 
can be bent greater than 180° around mandrel 186 such that, 
when it is released from the K-wire bender, it springs back 
to an angle of at least 180 degrees. Referring to FIGS. 36 
and 37, mandrel 186 includes bottom surface 194 and 
angled surfaces 196 which provide a substantially continu 
ous surface about which a wire can be bent more than 180 
degrees. More particularly, in use, a K-wire is bent around 
bottom surface 194 and compressed between mandrel 186 
and the inside surfaces of supports 173 and 175. Thereafter, 
to bend the K-wire against angled Surfaces 196, a Surgeon 
may hold one end of the K-wire and rotate the wire bender 
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until the K-wire contacts angled surfaces 196. As a result, 
the K-wire is bent greater 180 degrees. In this embodiment, 
the wire is bent approximately 196 degrees about mandrel 
186. 

0099] After the K-wire has been bent, at least one of 
members 174 and 176 is released allowing spring members 
187 and 188 to drive K-wire bender 172 into an open 
position, Thereafter, the K-wire can be removed from recess 
192. Sometimes, however, the K-wire may become stuck 
between supports 173 and 175. In at least one embodiment 
of the present invention, K-wire bender 172 includes a 
projection 192 on first member 174 which lifts the K-wire 
from between supports 182 when wire bender 172 is opened. 
More particularly, projection 192 acts as a positive return 
member for lifting the K-wire out of recess 185 when first 
member 174 and second member 176 are forced apart by 
resilient spring members 187 and 188. 
Jigs 

0100. As discussed above, a threaded screw hole of a 
bone plate can determine the orientation of a screw having 
a threaded head inserted therethrough. To assure that the 
screw is fully seated within the screw hole, and/or to assure 
that the screw head does not cross-thread with the screw hole 
thread, the screw must be properly aligned with the screw 
hole. To facilitate the alignment of the screw with the screw 
hole, a jig can be used to align a cannula with the screw hole. 
The cannula, such as cannula 201 illustrated in FIGS. 38 
and 39, can include elongate body 203, through-hole 205 
having longitudinal axis 207, and threaded end 209 which 
can threadingly engage threaded hole 211 of the bone plate. 
The cannula can be used to guide a drill along the axis of the 
screw hole to create a guide hole in the bone for the screw. 
The guide hole substantially controls the orientation of the 
screw by providing a path for the screw in the bone. After 
the guide hole has been drilled, the cannula is removed from 
the bone plate and the screw is inserted into the threaded 
hole. 

0101 Alternatively, in lieu of drilling a hole into the 
bone, a guide wire can be inserted through the cannula into 
the bone. The guide wire is substantially straight and pro 
vides a longitudinal axis along which a cannulated Screw can 
be guided into place. More particularly, the screw is aligned 
Such that the hole extending through the screw is placed over 
the guide wire. Thereafter, the screw is slid into the screw 
hole along the longitudinal axis of the guide wire and 
threaded into the bone. Alternatively, other fasteners, such as 
pins, e.g., may be used in lieu of or in combination with, 
screws to fasten the bone plate to the bone. 
0102) An exemplary jig, i.e., alignment jig 200, is illus 
trated in FIGS. 38-40. Jig 200 includes body 202 and guide 
alignment portion 204. Guide alignment portion 204 
includes alignment means for aligning a guide, e.g., a 
cannula with a bone plate. In the present embodiment, the 
alignment means includes grooves 214, each groove 214 
having a longitudinal axis 216. In the present embodiment, 
each groove 214 is defined by an arcuate surface (217) 
which Substantially matches the outside diameter of cannu 
las 201. Arcuate Surfaces 217 align and Support cannulas 
201. Importantly, the alignment means does not encircle 
cannulas 201 allowing the jig to be removed without remov 
ing cannulas 201. This enables the surgeon to better visu 
alize the bone. 
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0103) In one embodiment, arcuate surfaces 217 closely 
receive a portion of the outside diameter of cannulas 201 yet 
extend less than 180 degrees around the perimeter of can 
nulas 201 to define a wide radial opening. In another 
embodiment, arcuate Surfaces 217 extend approximately 
180 degrees around the perimeter of cannulas 201. 
0104 Body 202 includes bottom surface 208 which is 
adapted to align with the bone plate. In the illustrated 
embodiment, bottom surface 208 is contoured to substan 
tially match the contour of top surface 213 of bone plate 212. 
0105. In use, alignment jig 200 is placed on bone plate 
212 and is adapted to align with bone plate 212 such that 
axes 216 of grooves 214 are substantially aligned with the 
center axes of screw holes 211 of bone plate 212. 
0106 To facilitate the alignment of jig 200 with bone 
plate 212, jig 200 includes projection 210. In use, projection 
210 is inserted into recess 215 of bone plate 212 which has 
a Substantially complementary geometry for closely receiv 
ing projection 210. In one embodiment, owing to an asym 
metrical geometry of projection 210, the orientation of jig 
200 can be readily determined as surface 208 of jig 200 will 
not sit flushly on bone plate 212 unless projection 210 is 
correctly oriented with recess 215. In an alternative embodi 
ment, plate 212 can include a projection having an asym 
metrical geometry and jig 200 can include a recess which 
has a Substantially complementary geometry for closely 
receiving the projection. 

0107 As described above, once jig 200 has been properly 
aligned with bone plate 212, cannulas 201 are then placed in 
grooves 214 such that axes 207 of cannulas 201 are sub 
stantially collinear with axes 216 of grooves 214. More 
particularly, grooves 214 are sized to receive, i.e., have a 
contour which substantially matches, the outer diameter of 
cannulas 201 such that, when axes 207 of cannulas 201 are 
aligned with axes 216 of grooves 214, the outer surface of 
cannulas 201 are substantially flush with the surface of 
grooves 214. 

0108. In use, after one cannula 201 has been threaded into 
bone plate 212, the surgeon can remove jig 200 before 
inserting the bone plate-cannula assembly into a Surgical 
site, i.e., position the assembly over a bone through an 
incision. Removing jig 200, as described above, may pro 
vide the Surgeon with a better view of the Surgical field, e.g., 
it may provide a better view of the alignment of the bone 
plate with respect to the bone. The Surgeon may remove the 
jig along longitudinal axis 207 of cannula 201, or remove the 
jig in a direction transverse to axis 207. Thereafter, the 
Surgeon may realign jig 200 with bone plate 212 and insert 
a second cannula 201 into bone plate 212. In the present 
embodiment, referring to FIG. 39, the surgeon can remove 
jig 200 from bone plate 212 to again provide a better view 
of the surgical site. Commonly, the axes of screw holes 211 
can be non-parallel, and, as a result, axes 207 of the first and 
second cannulas 201 can be non-parallel. Accordingly, ifjig 
200 were to be removed along either axis 207 of the first and 
second cannulas, the jig may become stuck between the 
non-parallel cannulas. However, as cannulas 201 are posi 
tioned within grooves 214, jig 200 can be moved away from 
cannulas 201 in a direction transverse to axes 207. More 
particularly, referring to FIG. 39, jig 200 can be removed 
from bone plate 212 in a direction such that cannulas 201 
pass through the open ends of grooves 214. 
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0.109 Previous jigs could not be removed in this way. 
More particularly, the jig holes had a perimeter without 
openings therein, i.e., the jig holes were defined by a 
continuous wall that extended around the entire perimeter of 
the hole and, as a result, the jig could not be removed in a 
direction transverse to the axes of the cannulas. More 
specifically, if the jig was moved in a transverse direction to 
the cannula axes, the perimeter of at least one jig hole would 
bear against a cannula preventing the jigs removal. 
0110. In many circumstances, a surgical kit may be 
provided to the Surgeon that includes several bone plates and 
several jigs. Often, many of the bone plates and jigs may 
appear Substantially similar. However, although they may 
appear similar, each jig is typically intended to be used only 
with a specific bone plate in the kit. More particularly, the 
position and orientation of the screw holes of each bone 
plate may be different. Likewise, the position and orientation 
of the jig grooves of each jig may be different. Accordingly, 
to assure the proper alignment of the jig grooves with the 
bone plate holes, each jig must only be used with its 
corresponding bone plate. In the present embodiment of the 
invention, to facilitate the proper selection and application 
of a jig, the jigs in the Surgical kit have a feature, e.g., an 
asymmetrical projection, that uniquely corresponds with a 
unique feature on each particular bone plate, e.g., an asym 
metrical recess. In one embodiment, each jig 200 has a 
projection 210 that is different than all of the other projec 
tions of the jigs in the Surgical kit. For example, the jig 
projections may have different cross-sectional geometries 
Such as rectangles, ovals, or triangles, or the projections may 
have similar cross-sectional geometries that are different 
sizes. Similarly, the corresponding bone plate for each jig 
includes a recess 215 that has a complementary geometry for 
only receiving the corresponding projection 210. 

0111. In one embodiment, jig 200 may further include an 
aperture for receiving a fastener to fasten jig 200 to the bone 
plate. In this embodiment, bone plate 212 includes a 
threaded aperture for receiving the fastener. In one embodi 
ment, the threaded aperture is a different size than the 
threaded screw holes So as to avoid the mis-insertion of a 
bone screw into this threaded aperture. In another embodi 
ment, body 202 of jig 200 can have ridges extending 
therefrom to improve the surgeon’s grip of jig 200. In at least 
one embodiment, jig 200 is manufactured from a radio 
translucent material, such as Ultem, Radel or carbon-filled 
PEEK. In other embodiments, other plastics may be used 
which can withstand the sterilization process. In use, a 
Surgeon may wish to take an X-ray of the Surgical site with 
jig 200 still attached to the bone plate. As, in this embodi 
ment, jig 200 is comprised of a radio-translucent material, 
jig 200 will not obstruct the view of the surgical site in the 
X-ray. 

0.112. The present invention also includes jigs which can 
be used to assista Surgeon in inserting a bone plate between 
the Soft tissue and bone of a patient. These jigs can also be 
used to align cannulas with screw holes of the bone plate 
while the bone plate is positioned underneath the soft tissue. 
Similar to the above, the cannulas can be used to facilitate 
the insertion of screws, or other fasteners, into the bone 
plate. An exemplary jig, i.e., alignment jig 250, is illustrated 
in FIGS. 41 and 42. Jig 250 includes elongate portion 252 
and head portion 254 both of which are contoured to 
substantially match the contour of surface 251 of bone plate 
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255. Elongate portion 252 includes holes 256 which, in use, 
are substantially aligned with holes 257 of bone plate shaft 
259. Elongate portion 252 and head portion 254 are inter 
connected via tongue and groove connection 260. Articu 
lating means, such as tongue and groove connection 260, 
permit relative movement between elongate portion 252 and 
head portion 254, as described below. Elongate portion 252 
and head portion 254 include recesses for receiving jigbolt 
266 which, as discussed in further detail below, can sub 
stantially fix the relative position of elongate portion 252 
and head portion 254. 

0113. In use, prior to inserting bone plate 255 into the 
body, jig 250 is attached to head 268 of bone plate 255 via 
at least one cannula 270. More particularly, head portion 254 
of jig 250 is placed over head 268 such that holes 271 in 
head portion 254 substantially align with the threaded screw 
holes (not illustrated) in head 268. Thereafter, cannulas 270 
are inserted through holes 271 in head portion 254 and are 
then threaded into the threaded holes of the bone plate head 
268 to fasten head portion 254 of jig 250 thereto. More 
particularly, each cannula 270 includes an elongate shaft 
portion that extends through a hole 271 and collar portion 
281 that abuts surface 279 of head portion 254. In use, a 
cannula 270 is threaded into a hole 271 until bottom surface 
283 of sleeve 281 is substantially flush with surface 279 of 
jig 250. Thereafter, head portion 254 can be rotated about 
axis 273 defined by cannula 270 to align holes 271 of head 
portion 254 with the threaded screw holes in bone plate head 
268. Thereafter, cannula 270 is further tightened such that 
collar portion 281 of cannula 270 is compressed against 
surface 279 of jig 250 so that head portion 254 cannot move 
relative to the bone plate. In this embodiment, a second 
cannula 270 is used to secure head portion 254 to bone plate 
255 and co-operates to prevent head portion 254 of jig 250 
from rotating about, or moving with respect to, either axis 
273 of cannulas 270. Further, holes 271 are configured to 
closely receive cannulas 270 to also prevent relative move 
ment. 

0114. Thereafter, elongate portion 252 is rotated about 
axis 272, which is defined by jig bolt 266, such that holes 
256 of shaft portion 252 become substantially aligned with 
holes 257 of bone plate shaft 259. In the present embodi 
ment, axis 273, defined by cannula 270, and axis 272, 
defined by jig bolt 266, are non-collinear. Once a Surgeon 
has decided upon a position for elongate portion 252, 
cannula 258 is inserted through one of holes 256 of elongate 
portion 252. As illustrated in FIG. 42, the articulating 
means, i.e., in this embodiment, tongue and groove connec 
tion 260, includes tongue 265 and groove 286. Tongue 265 
includes arcuate surface 284 which is received in groove 286 
having, in one exemplary embodiment, arcuate surface 287 
which substantially parallels arcuate surface 284. In use, the 
arcuate surfaces, and the gap therebetween, permit relative 
movement between elongate portion 252 and head portion 
254. In other embodiments, tongue 265 and groove 286 may 
have other configurations permitting relative movement 
therebetween. Owing to friction between the tongue and 
groove surfaces 261 and 263 of head portion 254 and 
elongate portion 252, respectively, the position of elongate 
portion 252 can remain relatively stable with respect to head 
portion 254 before elongate portion 252 and head portion 
254 are fastened together, as discussed in further detail 
below. 

Aug. 3, 2006 

0115 Similar to the above, holes 256 of elongate portion 
252 are configured to closely receive cannula 258. Cannula 
258 is then threaded into a screw hole 257 in the bone plate 
255 to fix elongate portion 252 to bone plate 255 thereby 
fixing the relative position of shaft portion 252 and head 
portion 254. More particularly, as both head portion 254 and 
elongate portion 252 are both fixed to plate 255, head 
portion 254 and elongate portion 252 can no longer rotate 
relative to one another. In the present embodiment, cannula 
258 is inserted through the most distal hole 256 of elongate 
portion 252. In other embodiments, however, cannula 258 
may be inserted through a different hole 256. 

0116. After head portion 254 and elongate portion 252 
have been fastened to plate 255, a locking mechanism is 
used to substantially immobilize elongate portion 252 with 
respect to head portion 254. In the present embodiment, jig 
bolt 266 is tightened to fasten elongate portion 252 and head 
portion 254 together. More particularly, jigbolt 266 includes 
a threaded shaft portion (not illustrated) which passes 
through holes in upper arm 269 (FIG. 42) of head portion 
254 and tongue 265 of elongate portion 252. When bolt 266 
is tightened, the threaded shaft portion threadingly engages 
a recess in lower arm 267 to compress tongue 265 between 
lower arm 267 and upper arm 269. In this embodiment, as 
illustrated in FIG. 42, when bolt 266 is completely tight 
ened, head portion 277 of bolt 266 bears against surface 279. 
Alternative embodiments may include other types of fasten 
ers in lieu of jigbolt 266. Alternative embodiments may also 
include more than one jig bolt 266, or other types of 
fasteners, to secure head portion 254 and elongate portion 
252. Once jigbolt 266 is tightened, cannula 258 is removed. 
Thereafter, tightened jig bolt 266 prevents elongate portion 
252 from moving with respect to head portion 254. 

0.117) Jig 250 can be used to insert the bone plate through 
a small incision in a patient’s soft tissue and guide the plate 
between the soft tissue and a bone. This technique allows the 
plate to be inserted into the body through an incision smaller 
than the bone plate. Once the bone plate has been positioned 
in the body, the Surgeon can no longer see all of the bone 
plate holes, especially holes 257 of bone plate shaft 259. 
However, as holes 256 of elongate portion 252 are aligned 
with holes 257, the surgeon can readily locate holes 257 
through holes 256. In particular, the Surgeon may incise the 
soft tissue underneath holes 256, using stab incisions. There 
after, the Surgeon can insert additional cannulas through 
holes 256 and through the stab incisions in the soft tissue. 
These cannulas, as described above, facilitate the insertion 
of screws into the bone through the bone plate. For example, 
they can be used to drill guide holes in the bone for 
providing a path for the screws, or the cannulas can be used 
to align guide wires into the bone which guide cannulated 
screws into position. Alternatively, the inner diameter of the 
cannulas may be larger than the outer diameter of the screws 
to permit the screws to be passed therethrough into the screw 
holes of the bone plate. 

0118 Elongate portion 252 of jig 250 also includes a 
coding or indexing system that identifies to the Surgeon 
whether a threaded or non-threaded hole on the bone plate 
underlies a particular hole 256 in jig 250. In particular, 
referring to FIGS. 41 and 42, jig 250 includes an elongate 
recess 280 adjacent to every hole 256 that overlies an 
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elongate non-threaded hole in the bone plate. This system 
assists the Surgeon to select the proper screw before it is 
inserted into the bone plate. 
0119). In at least one embodiment, jig 250 is manufac 
tured from a radio-translucent material. Such as Ultem, 
Radel or carbon-filled PEEK. In other embodiments, other 
plastics may be used which can withstand the Sterilization 
process or cleaning of jig 250. In use, a Surgeon may wish 
to take an X-ray of the surgical site with jig 250 still attached 
to the bone plate. As, in this embodiment, jig 250 is 
comprised of a radio-translucent material, jig 250 will not 
obstruct the view of the surgical site in the X-ray. 
0120 While this invention has been described as having 
a preferred design, the present invention can be further 
modified within the spirit and scope of this disclosure. This 
application is therefore intended to cover any variations, 
uses, or adaptations of the invention using its general 
principles. Further, this application is intended to cover Such 
departures from the present disclosure as come within 
known or customary practice in the art to which this inven 
tion pertains and which fall within the limits of the appended 
claims. 

We claim: 
1. A bone fracture fixation system, comprising: 
a bone plate; 
a guide having an axis and a perimeter in a plane 

Substantially perpendicular to said axis; and 
a jig aligned with the bone plate, said jig comprising a 
body having a first groove sized to receive and orient 
the guide relative to the bone plate, 

wherein said first groove only partially encloses the 
perimeter of said guide. 

2. The bone fracture fixation system of claim 1, wherein 
said first groove has a first longitudinal axis, and wherein 
said body includes a second groove sized to receive a second 
guide, said second groove having a second longitudinal axis, 
said first longitudinal axis not parallel with said second 
longitudinal axis. 

3. The bone fracture fixation system of claim 1, wherein 
one of said body and said bone plate further comprises a 
projection having a geometry, and the other of said body and 
said bone plate includes a recess having a geometry comple 
mentary to said geometry of said projection. 

4. A method of aligning a guide with a bone plate, 
comprising the steps of 

aligning a jig with the bone plate, the jig having a groove 
sized to receive the guide; 

inserting a guide into the groove of the jig; 
aligning the guide with the groove; and 
translating the jig away from the bone plate in a direction 

not parallel to a longitudinal axis of the guide, while 
maintaining the guide in alignment with the bone plate. 

5. The method of claim 4, wherein said guide includes a 
second groove, said method further comprising the steps of 

inserting a second guide into the second groove of the jig; 
and 

aligning the second guide with the second groove, 
wherein said translating step occurs with the second 
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guide aligned with the bone plate, and wherein said 
direction of said translating step is not parallel to a 
longitudinal axis of the second guide when the second 
guide is aligned with the bone plate. 

6. The method of claim 5, wherein the longitudinal axis of 
the first guide is not parallel with the longitudinal axis of the 
second guide when the first guide and the second guide are 
aligned with the bone plate. 

7. The method of claim 4, wherein the bone plate includes 
an aperture, and wherein said step of aligning the jig with the 
bone plate effects alignment of the groove of the jig with the 
aperture of the bone plate. 

8. The method of claim 7, wherein the bone plate includes 
a second aperture and wherein the jig includes a second 
groove, said step of aligning the jig with the bone plate 
effecting alignment of the second groove of the jig with the 
second aperture of the bone plate. 

9. A bone fracture fixation system, comprising: 
a bone plate; 
a first guide, the first guide having a longitudinal axis; and 
a jig aligned with the bone plate, the jig comprising a body 

having alignment means for aligning the first guide 
with the bone plate and for allowing translation of the 
jig relative to the bone plate in a direction that is not 
parallel to the longitudinal axis of the first guide, when 
the first guide is aligned with the bone plate. 

10. The bone fracture fixation system of claim 9, further 
comprising a second guide having a longitudinal axis, Said 
alignment means further including means for aligning the 
second guide with the bone plate and allowing translation of 
the jig relative to the bone plate in a direction that is not 
parallel to the longitudinal axis of the second guide, when 
the second guide is aligned with the bone plate. 

11. The bone fracture fixation system of claim 10, wherein 
the longitudinal axis of the first guide is not parallel to the 
longitudinal axis of the second guide when the first guide 
and the second guide are aligned with the bone plate. 

12. The bone fracture fixation system of claim 9, wherein 
one of said body and said bone plate further includes a 
projection having a geometry, and the other of said body and 
said bone plate includes a recess having a geometry comple 
mentary to said geometry of said projection. 

13. A bone fracture fixation system, comprising: 
a bone plate; and 
a jig adapted to align with said bone plate, 
wherein one of said bone plate and said jig includes a first 

projection having a geometry, the other of said bone 
plate and said jig including a first recess having a 
geometry complementary to said geometry of said first 
projection. 

14. The bone fracture fixation system of claim 13, further 
comprising: 

a second bone plate; and 
a second jig, 
wherein one of said second bone plate and said second jig 

includes a second projection having a geometry differ 
ent from said first projection, the other of said second 
bone plate and said second jig including a second 
recess having a geometry complementary to said sec 
ond projection geometry. 
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15. The bone fracture fixation system of claim 14, wherein 
said first recess cannot receive said second projection and 
wherein said second recess cannot receive said first projec 
tion. 

16. Ajig for aligning a guide with a bone plate, compris 
1ng: 

a first body adapted to align with the bone plate about a 
first axis; 

a second body adapted to align with the bone plate, said 
second body having a guide Surface sized for receiving 
the guide, said second body movably secured to said 
first body, said second body movable with respect to 
said first body about a second axis, said second axis 
non-collinear with said first axis. 

17. The jig of claim 16, further comprising a fastener 
positioned to selectively lock said second body to said first 
body to prevent relative movement between said first body 
and said second body. 

18. The jig of claim 16, further comprising articulating 
means for allowing said second body to articulate with 
respect to said first body to align said second body with the 
bone plate. 

19. The jig of claim 16, wherein said first body includes 
a head portion, and said second body includes an elongate 
portion. 

20. Ajig for aligning a guide with a bone plate, compris 
ing: 

a first body adapted to align with a bone plate; 
a second body adapted to align with the bone plate, said 

second body having a guide Surface sized for receiving 
a guide, said second body movably secured to said first 
body; and 
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articulating means for allowing said second body to 
articulate with respect to said first body to align said 
second body with the bone plate. 

21. The jig of claim 20, further comprising a fastener 
positioned to selectively lock said first body to said second 
body to prevent relative movement between said first body 
and said second body. 

22. A method of adapting a jig to a bone plate, comprising: 

aligning a first body of the jig with the bone plate about 
a first axis; 

attaching the first body of the jig to the bone plate, the jig 
including a second body movably secured to the first 
body, the second body movable with respect to the first 
body about a second axis non-collinear with the first 
axis; and 

aligning the second body with respect to the bone plate. 
23. The method of claim 22, further comprising the step 

of locking the first body to the second body. 
24. The method of claim 22, wherein the second body 

includes a guide aperture and wherein said step of aligning 
the second body of the jig with respect to the bone plate 
comprises the step of inserting a guide through the guide 
aperture of the second body and securing the guide relative 
to the bone plate. 

25. The method of claim 24, further comprising the step 
of detaching the guide from the bone plate before the step of 
inserting the bone plate into a patient. 


