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(57) ABSTRACT 

A bone plate has an upper Surface, a lower Surface, and at least 
one first hole extending through the upper and lower Surfaces. 
The first hole has two or three vertically separate regions, 
each region communicating with or abutting the adjacent 
region. The first hole has a first upper region, which is 
unthreaded and which, from the plate's upper surface to the 
plate's lower surface, has a curved inward taper. The first hole 
has a second middle region, which is threaded and which, 
from the plate's upper surface to the plate's lower surface, has 
a conical inward taper. The first hole has a third lower region, 
which is unthreaded and which, from the plate's upper surface 
to the plate's lower surface, has a conical outward taper. The 
bone plate is straight, curved, or both straight and curved. The 
bone plate may have at least one second hole, different from 
the first hole. The second hole is an elongated hole, which has 
a compression ramp or which has a threaded portion through 
part of its perimeter and a non-threaded portion through the 
other part of its perimeter. 
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BONE PLATE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a continuation-in-part of 
the U.S. patent application filed on May 11, 2004, under 
attorney docket number 708716-999706 (serial number not 
yet received). The entire contents of this application is 
expressly incorporated herein by reference thereto. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to devices 
for bone fracture fixation and more specifically, to bone plates 
and systems for stabilization and/or compression of bone 
fractures. 

BACKGROUND OF THE INVENTION 

0003. The use of bone plate and screw systems for treat 
ment of bone fractures is widespread. Conventional bone 
plate and Screw systems promote healing of a fracture by 
compressing the fracture ends together and drawing the bone 
fragments into close apposition with each other. If the plate is 
not provided with the appropriate hole types adapted to 
receive the proper screw types, then the angular relationships 
between the plate and screws may change postoperatively. 
This can lead to malalignment and poor clinical results. 
0004 Among the various different types of bone plate 
holes that are known in the art are the two different types of 
holes described below, each hole primarily intended for use 
with a different type of bone screw. 
0005. The first type of hole is a non-threaded relatively 
Smooth hole, through which a screw with a Smooth (non 
threaded) head is inserted. These screws do not lock with the 
bone plate and are thus referred to as “non-locking screws. 
Because non-locking screws do not lock with the plate hole, 
non-locking screws are not limited to a fixed angle with 
respect to the plate, but rather can be inserted at numerous 
angles. Inserting non-locking screws through the non 
threaded plate holes and threading them into the bone effec 
tively provides the desired compression of fracture ends. 
0006. The second type of hole is an internally threaded 
hole, which is adapted to mate with a screw having an exter 
nally threaded head. The threaded-head or “locking screw is 
inserted at a fixed, predetermined angular relationship (deter 
mined by the central axis of the threaded hole) with respect to 
the bone plate. Locking screws, when mated with threaded 
bone-plate holes, possess high resistance to shear and tor 
sional forces. Locking screws therefore resist loosening and 
thereby ensure stability between the screw and the bone plate. 
0007 Bone plates having both of the aforementioned 
types of holes are therefore desirable and are well known. 
Surgeons are limited, however, by the manufacturers place 
ment of the varying holes on a given bone plate. A Surgeon can 
achieve optimal compression when using a screw (e.g., a 
non-locking screw) without locking it to the plate. A Surgeon 
can achieve desired stability between the screw, plate, and 
bone when using a locking screw with an internally-threaded 
hole. 

0008. It would thus be advantageous for a hole in a bone 
plate to be adapted to receive, at the Surgeon's election, either 
non-locking screws for obtaining optimal compression or 
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locking-screws for obtaining optimal stability, while mini 
mizing any compromise in the strength of the bone plate. 

SUMMARY OF THE INVENTION 

0009. The bone plate of present invention is a bone plate 
used for bone fracture fixation. Various embodiments of a 
bone plate having coaxial combination holes are described. 
0010. Among the various different types of bone plate 
holes that are known in the art are threaded holes and non 
threaded holes. “Locking screws (screws with threaded 
heads) are typically used with threaded holes. Locking 
screws, when mated with threaded holes, possess high resis 
tance to shear and torsional forces and therefore ensure sta 
bility between the screw and bone plate. “Non-locking 
screws are typically used with unthreaded holes and, unlike 
locking screws that mate with threaded holes, may be inserted 
at any one of a number of angles. Non-locking screws provide 
optimal compression of fractured ends. 
0011. A coaxial combination hole is, at once, adapted to 
receive (and utilize the benefits of) either a locking screw or 
non-locking screw. A coaxial combination hole is a hole 
which is threaded only partially through its length. In one 
preferred embodiment, the hole has a generally circular cross 
section with varying hole diameter. In a preferred embodi 
ment, the hole has three regions: an upper region, a middle 
region, and a lower region. The upper region may be 
unthreaded and may have, in a direction from the plate's 
upper Surface to its lower Surface, a curved inward taper. The 
middle region may be threaded and may have, in a direction 
from the plate's upper Surface to its lower Surface, a conical 
inward taper. The lower region may be unthreaded and may 
have, in a direction from the plate's upper surface to its lower 
Surface, an outward taper. 
0012. It will be appreciated that either type of the afore 
mentioned screws may be used (and produce its intended 
results) with a coaxial combination hole. The threaded head 
of a threaded-head screw may mate with threaded middle 
region of the hole. Alternatively, a screw with an unthreaded 
head (or even a screw with a threaded head) may be inserted 
through a coaxial combination hole, without any mating of 
any threads, at any one of a number of angles. The outward 
taper of the coaxial combination hole's lower region provides 
room for the screw's shaft to be inserted an angle (with respect 
to the center of the hole). Likewise the curved inward taper of 
the upper region of the hole provides a seat for the screw head 
to rest in, even when the screw is inserted ant an angle. It will 
be appreciated, then, that at any given coaxial combination 
hole, a Surgeon may elect to use either a screw for Screw-plate 
stability or a screw for compression of fracture ends. 
0013 Coaxial combination holes may be placed in any 
type of bone plate. Coaxial combination holes provide mul 
tiple options for the Surgeon. And because the holes do not 
require a larger cavity in the bone plate than would otherwise 
be necessary for an ordinary hole, the strength, size, and 
integrity of the bone plate are not compromised. Coaxial 
combination holes are therefore particularly useful in rela 
tively small bone plates (e.g., pubic symphysis plates). 
0014. A coaxial combination hole has a central axis and a 
vertical axis. The hole's vertical axis is perpendicular to the 
plane formed by the plate's upper surface (if the plate has a 
straight upper Surface), or to the plane that is tangential to the 
pinnacle of the plate's upper Surface (if the plate is convex). A 
hole may have a central axis that is parallel to its vertical axis, 
or that is not parallel to its vertical axis (thereby biasing the 
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shaft of the screw in one direction or another). A plate may 
have holes with any combination of foregoing hole orienta 
tions. 
0015. In preferred embodiments, bone plates have 
between 4 and 8 holes. In some embodiments, all plate holes 
are coaxial combination holes. In other embodiments, the 
bone plates may have some coaxial combination holes and at 
least one of another of a number of types of holes. One 
example of another type of hole is a dynamic compression 
(“DC) hole. A dynamic compression hole may be an elon 
gated hole having an oblique portion or ramp having an incli 
nation Such that when the ramp is engaged by the underside of 
the head of a screw, the bone plate is displaced in a direction 
to move the ramp away from the non-locking screw, causing 
the plate to apply a pressure to hold the fracture ends in 
contact or in tight engagement. Another example of another 
type of hole is a non-coaxial combination hole. A non-coaxial 
combination hole may be an elongated hole having a portion 
of its perimeter threaded and another portion of its perimeter 
unthreaded. In addition to, or in lieu of the foregoing two 
examples, other types of holes may be formed in a bone plate 
having coaxial combination holes. 
0016. In one embodiment of the bone plate, the plate has a 
longitudinal axis, and has a straight center portion and curved 
ends. In one embodiment, the plate has two holes in the 
straight portion and two holes in each of the curved end 
portions. In one embodiment of this plate, all six holes may be 
coaxial combination holes. In another embodiment of this 
plate, the two holes on the straight portion may be either DC 
holes or non-coaxial combination holes, and the four holes on 
the curved end portions may be coaxial combination holes. In 
one embodiment of this plate, the width of the bone plate is 
narrower where there are no holes than where there are holes. 
0017. In another embodiment of the bone plate, the plate 
has a longitudinal axis and is straight. In one embodiment, the 
plate may have only coaxial combination holes, all of which 
may lie along the plate's longitudinal axis. 
0018. In another embodiment of the bone plate, the entire 
plate may be curved. In one embodiment, the plate may have 
only coaxial combinationholes, all of which may lie along the 
plate's longitudinal axis (which runs along the center of the 
plate's width). 
0019. In the various embodiments, the plate's upper and 
lower surfaces may be straight or curved. In a preferred 
embodiment, the plate's upper Surface may be convex, while 
the plate's lower Surface may be concave. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020. These figures represent preferred embodiments of 
the present invention. Those skilled in the art will recognize 
that numerous variations and modifications may be made 
without departing from the scope of the present invention. 
Accordingly, it should be understood that these figures are not 
intended as limitations on the scope of the invention, which is 
defined only by the claims. 
0021 FIG. 1A is a side cross-sectional view of a first 
embodiment of a bone plate having coaxial combination 
holes. 
0022 FIG. 1B is a plan view of the bone plate of FIG. 1A. 
0023 FIG.1C is a cross-sectional view of the bone plate of 
FIG. 1A taken along the cross section B-B. 
0024 FIG. 2A is a side cross-sectional view of a second 
embodiment of a bone plate having coaxial combination 
holes and having dynamic compression holes. 
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(0025 FIG. 2B is a plan view of the bone plate of FIG. 2A. 
0026 FIG. 2C is a cross-sectional view of the bone plate of 
FIG. 2A taken along the cross section B-B. 
0027 FIG. 3A is a third embodiment of a bone plate hav 
ing coaxial combination holes. 
(0028 FIG. 3B is a plan view of the bone plate of FIG.3A. 
0029 FIG. 4A is a cross-sectional view of one embodi 
ment of a coaxial combination hole. 
0030 FIG. 4B is a magnified view of a portion of the 
thread of the coaxial combination hole of FIG. 4A. 
0031 FIG. 5 is a cross-sectional view of a screw, having a 
threaded head, inserted through a coaxial combination hole. 
0032 FIG. 6A is a cross-sectional view of a screw, having 
a non-threaded head, inserted through a coaxial combination 
hole at one angle. 
0033 FIG. 6B is a cross-sectional view of a unthreaded 
head screw inserted through a coaxial combination hole at an 
angle different from that of the screw of FIG. 6A. 
0034 FIG. 7 is a plan view of a segment of a bone plate 
having non-coaxial combination holes. 
0035 FIG. 8 is a plan view of the bone plate of FIGS. 3A 
and 3B, in a curved condition. 
0036 FIG. 9 is a side view of one embodiment of a screw 
that has a conically-tapered threaded head. 
0037 FIG. 10 is a side view of one embodiment of a screw 
having an unthreaded head. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0038. The present invention is described below with ref 
erence to the preferred embodiments. Those skilled in the art 
will recognize that numerous variations and modifications 
may be made without departing from the scope of the present 
invention. Accordingly, it should be understood that the 
embodiments of the invention described below are not 
intended as limitations on the scope of the invention, which is 
defined only by the claims. 
0039 Reference is now made to FIGS. 1A, 2A, and 3A, 
which illustrate side, cross-sectional views of various 
embodiments of a bone plate. The bone plates may have at 
least one coaxial combination hole 90, which has a length L 
that extends from the upper surface of the bone plate to the 
lower surface of the bone plate. The coaxial combination hole 
90 is threaded only partially through the hole's length L. As 
Such, with a given coaxial combination hole, a Surgeon may 
elect to: (1) thread a screw having a thread on at least a portion 
of its head into and through the hole; or (2) insert a screw 
having an unthreaded head through the hole and into the bone. 
In a preferred embodiment, the hole 90 has length L of 
approximately 3.4 mm to 4.0 mm, which preferably corre 
sponds to the thickness T of the bone plate. 
0040. Reference is now made to FIGS. 1B, 2B, and 3B, 
which illustrate plan views of various embodiments of the 
bone plate having at least one coaxial combination hole 90. 
Each bone plate may have at least a central region with a 
longitudinal axis L-L. Each bone plate hole 90 may have a 
vertical axis V-V, which is perpendicular to the plane on 
which the plate's upper surface lies (if the plate has a straight 
upper Surface), or to the plane that is tangential to the pinnacle 
of the plate's upper surface (if the plate is convex). (See FIGS. 
1A, 2A, and 3A.) 
0041 Reference is now made to FIGS. 1C and 2C, which 
illustrate cross-sectional views of the bone plates along the 
respective cross sections B-B. In a preferred embodiment, the 
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upper surface of the plate may be convex and the lower 
surface of the plate may be concave, as shown in FIGS. 1C 
and 2C. In a preferred embodiment, the radius of curvature for 
both surfaces may be from about 15 mm to about 35 mm, and 
preferably about 25 mm. In another embodiment, one or both 
of the plate surfaces may be flat. 
0042. As shown in FIG. 1A, hole 90 may extend from the 
upper surface 20 to the lower surface 22 of the bone plate 10. 
In one embodiment, the diameters of the hole 90 at its upper 
most Surface and its lower most Surface may be equal or close 
to equal. The hole 90 may be widest at the uppermost surface 
20 and lowermost surface 22 of the plate 10. Each hole 90 
may have a central axis C-C. (See FIGS. 1A and 2A.) In some 
embodiments of the hole 90, the central axis C-C of hole 90 
may be parallel to the vertical axis V-V, as shown in FIG. 3A 
(central axis C-C not shown). In other embodiments, the 
central axis C-C of hole 90 will intersect with the vertical axis 
V-Vatan angle 0, as shown in FIGS. 1A and 2A. In preferred 
embodiments, the angle 0 may vary from about 3° to about 
17, although other angles are contemplated. 
0043. As shown in FIG. 4A, the hole 90 may have three 
regions: an upper region 92, a middle region 94, and a lower 
region 96. The upper region 92 of the hole 90 may have an 
unthreaded inner surface 93 which, is preferably smooth, 
although texturing may be provided. In a preferred embodi 
ment, the upper region 92 may have a curved inward taper, 
preferably concave, more preferably spherical, from the top 
surface of the plate to where the upper region 92 of the hole 90 
meets the middle region 94. The upper region 92 of the hole 
90 is preferably narrowest where it meets the middle region 
94. Preferably, the upper region is approximately 1.0 mm to 
approximately 1.2 mm in length (along the axis C-C). In a 
preferred embodiment, the upper region may comprise about 
25% to about 35% of the thickness T of the plate. In one 
embodiment, the diameter of the upper region 92, at the 
region's broadest point, may be about 6 mm and, at the 
region's narrowest point, may be about 4 mm. In another 
embodiment the diameter of the upper region 92, at the 
region's broadest point, may be about 8 mm and, at the 
region's narrowest point, may be about 6 mm. 
0044) The middle region 94 of the hole 90 may have a 
threaded inner surface 95. In one embodiment, the threads 
have a pitch P (as shown in FIG. 4B, which is a magnified 
partial view of the threaded surface 95) of approximately 0.3 
mm to 0.5 mm. In a preferred embodiment, the thread angley 
may be approximately 50° to 70°, and preferably about 60°. 
In a preferred embodiment, the threaded region has at least 
one thread revolution, and preferably about three thread revo 
lutions. Referring again to FIG. 4A, the threaded inner sur 
face 95 may, in a direction from the upper surface to the lower 
Surface, have a conical inward taper. In a preferred embodi 
ment, the threaded inner surface 95 may taper at an angle C. of 
approximately 5° to 15°, and preferably approximately 10°. 
The middle region 94 may be the narrowest region (i.e., 
smallest-diameter region) of the hole 90. In a preferred 
embodiment, the middle region 94 may be approximately 1.5 
mm to approximately 1.9 mm in length (along the axis C-C). 
In a preferred embodiment, the middle region 94 may com 
prise about 40% to 50% of the thickness T of the plate. In one 
embodiment, the diameter of the middle region 94 may vary 
only slightly (due to the relatively shallow conical taper) and 
may be about 4 mm or, in another embodiment, about 6 mm. 
The diameter or taper of the middle region 94 may of course 
vary depending upon the size and/or taper of the screw. 
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0045. The lower region 96 of the hole 90 may have an 
unthreaded inner surface 97 which is preferably smooth, 
although texturing may be provided. In a preferred embodi 
ment, the lower region 96 may, from where it meets the 
middle region 94 to the lower surface of the plate, have a 
conical outward taper. In a preferred embodiment, the lower 
region.96 may taper outwardly at an angle B of approximately 
35° to 55°, and preferably approximately 45°. In a preferred 
embodiment, the lower region 96 may be approximately 0.8 
mm to approximately 1.2 mm in length (along the axis C-C). 
In a preferred embodiment, the lower region.96 may comprise 
about 20% to 35% of the thickness T of the plate. In one 
embodiment, the diameter of the lower region 96, at the 
region's narrowest point, may be about 4 mm and, at the 
region's broadest point, may be about 6 mm. In another 
embodiment, the diameter of the lower region 96, at the 
region's narrowest point, may be about 6 mm and, at the 
region's broadest point, may be about 8 mm. 
0046 Different types of screws may be used with the hole 
90. One type of screw is a screw that has a conically-tapered 
threaded head (shown in FIG. 9). As shown in FIG. 5, the 
external threads of the screw's head may mate with the inter 
nal threads 95 of the middle region 94 of the hole 90. This 
threaded-head screw 15 may be inserted at only one angle 
(with respect to the plate), which may be fixed by the threads 
95 in the plate 10. 
0047 A second type of screw that may be used with the 
hole 90 is a screw with a threaded shaft, but with an 
unthreaded head (shown in FIG. 10). An unthreaded-head 
screw may be inserted into hole 90 at any one of a number of 
angles. FIG. 6A illustrates an unthreaded-head screw 17 
inserted at an angle Substantially perpendicular to the longi 
tudinal axis of the plate 10. FIG. 6B illustrates an unthreaded 
head screw 17 inserted at a non-perpendicular angle with 
respect to the plate 10. The conical outward taper (shown at 
surface 97) of the lower region 96 of the hole 90 provides 
room for screw shaft 18 to be inserted at an angle with respect 
to the center of the hole 90. Likewise, the curved inward taper 
of the upper region 92 of the hole 90 provides a seat (at surface 
93) for the screw head to rest in when an unthreaded-head 
screw 17 is inserted at an angle. A threaded-head screw may 
be used with a coaxial combination hole 90 in the same 
manner as the aforementioned unthreaded-head screw 17. 
0048 Although virtually any type of bone plate may ben 

efit from coaxial combination holes 90, coaxial combination 
holes are particularly useful for pubic symphysis plates and 
other relatively small bone plates. (The pubic symphysis is 
the connection between the two halves of the pubis and may 
be damaged as a result of an accident.) Because a Surgeon 
may elect to use either a locking screw or a non-locking 
compression screw with a coaxial combination hole, a bone 
plate having a coaxial combination hole may be more versa 
tile than plates having other types of holes. The benefits may 
include: (1) a reduced need to manufacture many different 
plates having varying hole arrangement patterns; and (2) 
enhancement of clinical results. Because a coaxial combina 
tion hole does not require a Substantially larger cavity in the 
bone plate than would otherwise be necessary for a simple 
hole, a coaxial combination hole provides desired flexibility 
for the Surgeon without unduly compromising the strength, 
size, or integrity of the bone plate. Plates having coaxial 
combination holes may thus find particular utilization in 
pubic symphysis plates and other relatively small bone plates. 
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0049. In one embodiment, the bone plate of the present 
invention may be a pubic symphysis plate as shown in FIG. 
1B, and may have a plurality of holes, all of which may be 
coaxial combination holes 90. In one embodiment, the plate 
may have a length PL of approximately 70 mm to 90 mm. In 
one embodiment, the plate may have curved ends, as shown in 
FIG. 1B, with a radius of curvature R. In a preferred embodi 
ment, two coaxial combination holes 90 are located on the 
straight center portion of the plate. In a preferred embodi 
ment, the plate ends may curve approximately at a 45 mm-55 
mm radius R, spanning a 25-35° angle 6. Preferably two 
coaxial combination holes 90 are placed along an arcs (on 
both sides of the plate's straight center portion) having a 
radius of curvature of about 50 mm. In a preferred embodi 
ment, the hole 90 on the curved portion adjacent to the hole 90 
on the straight portion is located approximately 12°-18° on 
the arc away from the hole 90 on the straight portion. Like 
wise, the two holes 90 on either curved portion may be placed 
along an arc approximately 12°-18° apart from each other. In 
a preferred embodiment, the plate may be symmetrical from 
one side to the other (i.e., a mirror hole arrangement on the 
other side of the plate is contemplated). In a preferred 
embodiment, the two holes near the center of the plate may lie 
along the longitudinal axis L-L of the center region of the 
plate 10. The remaining holes may be offset from the longi 
tudinal axis L-L, as shown in FIG. 1B. 
0050. In a preferred embodiment, the central axes C-C of 
the holes 90 are not parallel to the respective vertical axes V-V 
of the holes 90. In a preferred embodiment, as shown in FIG. 
1A, the two holes near the center of the plate have central axes 
C-C oriented to bias the tips of the screws in a direction away 
from the center of plate. In a preferred embodiment, the angle 
0 between each of these two central axes C-C and the vertical 
axes V-V is approximately 8° to 15°. In a preferred embodi 
ment, as shown in FIG. 1A, each of the holes 90, that are 
located near the ends of the plate, has a central axis C-C 
oriented to bias the tips of the screws in a direction towards 
the center of plate. In a preferred embodiment the angle 0 
between each of these central axes C-C and the vertical axes 
V-V is approximately 4° to 10°. 
0051. In a preferred embodiment, the linear plate-surface 
distance d1 between the edges of holes 90 may vary from hole 
to hole and may be approximately 10 mm to 12 mm. In a 
preferred embodiment, as shown in FIG. 1B, there may be 
necking of the plate surface in between hole locations (i.e., 
the webs between the holes may be narrowed). This necking 
serves to achieve a desired balance betweenplate strength and 
plate size: plate strength is maximized, while plate size is 
minimized. In another embodiment the width of the plate 
betweenholes may be the same as the width of the plate where 
the holes are located. 
0052. In a preferred embodiment, the plate may have at 
least one hole 99, preferably near the center of the plate. Holes 
99 may aid in the placement of the plate onto the bone (e.g., 
for use with a guide wire) or may be provided as a Suture hole. 
0053 Generally, for all embodiments, a shorter bone plate 
having only a few (e.g., 4) holes may be used when the 
fracture is relatively small or when the patient's bone or joint 
(e.g., pubic symphysis) being operated on is relatively small. 
0054) A plan view of a second embodiment of a pubic 
symphysis plate is shown in FIG.2B. The primary difference 
between this embodiment and the foregoing embodiment 
(which is illustrated in FIGS. 1A and 1B) is that the two holes 
near the center of the plate 30 of this embodiment are dynamic 
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compression (“DC) holes 70 instead of coaxial combination 
holes 90. This embodiment of a bone plate is particularly 
useful when, to bring parts closer together, “extra compres 
sion is desired. The DC holes are substantially similar to those 
disclosed in the specifications of United States publication 
No. 2002/0045901, in U.S. Pat. No. 6,669,701, and in reis 
sued U.S. Pat. No. RE. 31,628, the contents of which are 
incorporated herein by reference. As shown in FIG. 2B, DC 
hole 70 is elongated in a direction substantially aligned with 
the longitudinal axis L-L of the plate 30. As shown in FIG. 2B, 
DC hole 70 has an oblique portion or ramp 35 having an 
inclination Such that when ramp 35 is engaged by the under 
side 13 of the head of a screw, preferably a screw having a 
head that is not threaded, and is preferably smooth and curved 
on the underside 13 which contacts the bone plate, the bone 
plate 30 is displaced in a direction to move ramp 35 away 
from the non-locking screw, causing the plate 30 to apply a 
pressure to hold the fracture ends in contact, preferably in 
engagement, along at least a portion of the fracture length. In 
a preferred embodiment, each of the holes 30 has a length X 
(illustrated in FIG. 2A) of approximately 6 mm to 7 mm. 
0055 Alternatively, the two holes near the center of the 
plate 30 may be non-coaxial combination holes 40 (instead of 
coaxial combination holes 90 or DC holes 70). The non 
coaxial combination holes are Substantially similar to those 
disclosed in the specifications of U.S. Pat. No. 6,669,701 and 
of United States publication No. 2002/0045901, the contents 
of which are hereby incorporated by reference. Reference is 
now made to FIG. 7. FIG. 7 illustrates a bone plate having a 
plurality of combination holes 40, which extend from the 
plate's upper surface to its lower surface. The holes 40 may be 
elongated (e.g., in a direction Substantially aligned with a 
longitudinal axis of the plate) and may include a threaded 
portion 5 and a non-threaded portion 6. The threaded portion 
5 may extend over a range of greater than about 180° with 
respect to a centerpoint C1. The threaded portion 5 of the hole 
40 may be dimensioned and configured to engage a threaded 
head portion of a threaded-head bone screw, and fix the bone 
screw at a predetermined angle with respect to the bone plate. 
Preferably, the threaded portion 5 of the hole 40 extends 
through the full thickness of the bone plate (i.e., from the 
plate's upper Surface to its lower Surface) thus maximizing the 
stability of the bone screw to bone plate interface. A threaded 
head screw or a non-threaded head screw may (e.g., for com 
pression) pass through the non-threaded portion 6 of a com 
bination hole 40. 

0056. Another embodiment of a plate having coaxial com 
bination holes is illustrated in FIGS. 3A and 3B. In one 
embodiment, the plate 50 may have a plurality of holes, all of 
which may be coaxial combination holes 90. Each of the 
holes 90 may lie along the longitudinal axis L-L of the plate 
50. In one embodiment, the central axis C-C of each of the 
holes 90 may be parallel to the corresponding vertical axis 
V-V of each of the holes 90, as shown in FIG.3A (central axis 
C-C not shown). In a preferred embodiment, the linear plate 
surface distance d2 between the edges of holes 90 may be 
approximately 6 mm to 9 mm. 
0057. A variation on the aforementioned embodiment (il 
lustrated in FIGS. 3A and 3B) is illustrated in FIG.8. FIG.8. 
is the bone plate of FIGS. 3A and 3B, in a "curved condition.” 
Though the bone plate of FIGS. 3A and 3B may beformed of 
Such material to allow a Surgeon to preoperatively bend the 
plate into a desired shape, a bone plate manufactured to a bend 
condition may be desirable. In the human body, a ball-and 
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socket joint is formed by the two acetabula of the pelvis and 
the head of each femur. The bone plate of FIG.9 may be 
especially useful for use on the posterior outer surface of a 
fractured acetabulum. The plate may have a radius of curva 
ture R, which in a preferred embodiment, is about 100-115 

. 

0058 While the present invention has been described with 
reference to the preferred embodiments, those skilled in the 
art will recognize that numerous variations and modifications 
may be made without departing from the scope of the present 
invention. Accordingly, it should be understood that the 
embodiments of the invention described above are not 
intended as limitations on the scope of the invention, which is 
defined only by the following claims. 

1-81. (canceled) 
82. A bone plate, comprising: 
a plate body having an upper Surface and a lower Surface, 

the plate body including a first hole extending there 
through from the upper surface to the lower surface, the 
hole including three regions separated from one another 
along a length of the first hole, the first and third regions 
of the first hole being non-threaded, and a second middle 
region of the hole between the first and third regions 
including threading, wherein the first region has, in a 
direction from the upper surface to the lower surface, an 
inward taper that is present around an axis of the hole. 

83. The bone plate of claim 82, wherein the first region and 
the second region are in communication with one another. 

84. The bone plate of claim 83, wherein a point of the first 
region nearest the lower Surface abuts a point of the second 
region nearest the upper Surface. 

85. The bone plate of claim 82, wherein the first region is 
Substantially smooth. 

86. The bone plate of claim 82, wherein the inward taper is 
curved. 

87. The bone plate of claim 86, wherein the curved inward 
taper is spherical. 

88. The bone plate of claim 82, wherein the first hole has a 
Substantially circular cross section with a diameter. 

89. The bone plate of claim 88, wherein the diameter of the 
circular cross section varies along the first hole axis. 
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90. The bone plate of claim 82, wherein the second region 
conically tapers at a cone angle of between about 5° and 15°. 

91. The bone plate of claim 82, wherein a maximum diam 
eter of the first region is greater than a maximum diameter of 
the second region. 

92. The bone plate of claim 82, wherein a minimum diam 
eter of the first region is Substantially equal to a maximum 
diameter of the second region. 

93. The bone plate of claim 82, wherein the third region 
communicates with the second region. 

94. The bone plate of claim 93, wherein a point of the 
second region nearest the lower Surface abuts a point of the 
third region nearest the upper Surface. 

95. The bone plate of claim 82, wherein the third region is 
non-threaded. 

96. The bone plate of claim 82, wherein the third region is 
Substantially smooth. 

97. The bone plate of claim 82, wherein the third region is, 
in a direction from the upper surface to the lower surface, 
tapered outward. 

98. The bone plate of claim 97, wherein the outward taper 
of the third region is conical. 

99. The bone plate of claim 98, wherein the third region 
conically tapers at a cone angle of between about 40° and 50°. 

100. A bone plate system, comprising: 
a plate body having an upper Surface and a lower Surface, 

the plate body including a first hole extending there 
through from the upper surface to the lower surface, the 
hole including three regions separated from one another 
along a length of the first hole, the first and third regions 
of the first hole being non-threaded, and a second middle 
region of the hole between the first and third regions 
including threading, wherein the first region has, in a 
direction from the upper surface to the lower surface, an 
inward taper that is present around an axis of the hole; 
and 

a fastener to fasten the bone plate to a bone. 
101. The bone plate of claim 100, wherein the first hole has 

a Substantially circular cross section with a diameter. 
c c c c c 


