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BONE PLATES WITH INTRAOPERATIVELY 
TAPPED APERTURES 

CROSS-REFERENCE TO PRIORITY 
APPLICATION 

0001. This application is based upon and claims the 
benefit under 35 U.S.C. S 119(e) of U.S. Provisional Patent 
Application Ser. No. 60/480,529, filed Jun. 20, 2003, which 
is incorporated herein by reference in its entirety for all 
purposes. 

INTRODUCTION 

0002 The human skeleton is composed of 206 individual 
bones that perform a variety of important functions, includ 
ing Support, movement, protection, Storage of minerals, and 
formation of blood cells. These bones can be grouped into 
two categories: the axial Skeleton, and the appendicular 
skeleton. The axial skeleton consists of 80 bones that make 
up the body's center of gravity, and the appendicular skel 
eton consists of 126 bones that make-up the body's append 
ages. The axial skeleton includes the skull, vertebral column, 
ribs, and Sternum, among others, and the appendicular 
skeleton includes the long bones of the upper and lower 
limbs, and the clavicles and other bones that attach these 
long bones to the axial skeleton, among others. 
0.003 Bones of the skeleton may become fractured in 
response to trauma. To ensure that the skeleton retains its 
ability to perform its important functions, and to reduce pain 
and disfigurement, fractured bones should be repaired 
promptly and properly. Typically, fractured bones are treated 
using fixation devices, which reinforce the fractured bones 
and keep them aligned during healing. Fixation devices may 
take a variety of forms, including casts for external fixation 
and bone plates for internal fixation, among others. Casts are 
minimally invasive, allowing reduction and fixation of 
Simple fractures from outside the body. In contrast, bone 
plates are Sturdy internal devices, usually made of metal, 
that mount directly to the bone adjacent the fracture. 
0004 Bone plates may be used to repair a fracture, as 
follows. First, a Surgeon Selects an appropriate plate. Sec 
ond, the Surgeon reduces (sets) the fracture. Finally, the 
Surgeon fastens the plate to opposite Sides of the fracture 
using Suitable fasteners, Such as Screws and/or wires, So that 
the bone is fixed in position. The mounted plate may be left 
in place permanently, or it may be removed after the bone 
has healed sufficiently. 
0005 Bone plates typically include a plurality of aper 
tures for receiving fastenerS Such as bone Screws. These 
apertures may be nonthreaded or threaded. 
0006 Nonthreaded apertures may be used to provide 
compression at a Selectable angle of fastener placement. 
Specifically, a bone Screw inserted through a nonthreaded 
aperture will thread into the bone but not the bone plate. 
Thus, the Screw will turn without limitation until the bone 
plate and bone are brought into contact, or compressed. 
Furthermore, variable angle Screws may be used in conjunc 
tion with nonthreaded apertures. This may allow the angle 
with which the screw enters the bone to be chosen by the 
Surgeon intraoperatively. 
0007 Threaded apertures, in contrast, may be used to 
lock the screw into the plate and buttress the bone. Specifi 
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cally, a bone Screw inserted through a threaded aperture will 
thread into both the plate and bone. Thus, there may be a 
Space between the plate and bone if the Screw is threaded 
fully into the plate (such that the Screw cannot turn any 
more) before compression occurs between the bone and the 
plate. The Space may have Several advantages, Such as 
facilitating healing by preserving blood flow to the bone, 
and, in the case of a removable bone plate, reducing unde 
sirable bonding of the plate to the bone. However, a threaded 
aperture typically limits the angle of installation of the 
Screw, Since the threads provide a fixed orientation for 
engagement between the Screw and the aperture. A fixed 
Screw also may act as a buttress in the bone to reduce 
malunion due to bone resorption. 
0008 Bone plates are provided with nonthreaded or 
threaded apertures based on the best guesses of manufac 
turers regarding the most Suitable apertures for a given 
indication. Thus, Surgeons currently may be limited to using 
plates designed only for the most common fractures. How 
ever, although many fractures Share common motifs, no two 
fractures or bones are identical. In Some cases, a Surgeon 
may want a threaded aperture where a nonthreaded aperture 
is provided, or Vice versa. Similarly, a Surgeon may find it 
desirable to insert a Screw through a threaded aperture, but 
at a specific angle that is not provided by a conventional 
bone plate. 

SUMMARY 

0009. The present teachings provide systems, including 
apparatus, methods, and kits, for Selectively tapping aper 
tures of bone plates, to form threaded apertures during 
installation of the bone plates (i.e., intraoperatively). 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 is a perspective view of a system for 
tapping bone plates intraoperatively, including an exemplary 
tap device being positioned for tapping an aperture of a bone 
plate while the bone plate is disposed on a Surface of a bone, 
in accordance with aspects of the present teachings. 
0011 FIG. 2 is a fragmentary perspective view of a distal 
portion of the tap device of FIG. 1. 
0012 FIG. 3A is a side elevation view of the tap device 
of FIG. 1. 

0013 FIG. 3B is a fragmentary side elevation view of 
selection portions of the tap device of FIG. 1, particularly a 
tap portion of the tap device. 
0014 FIG. 3C is a sectional view of the tap device of 
FIG. 1, taken generally along line 3C-3C of FIG. 3B. 
0015 FIG. 4 is a fragmentary side elevation view of 
another exemplary tap device for intraoperatively tapping an 
aperture of a bone plate, in accordance with aspects of the 
present teachings. 

0016 FIG. 5 is a side elevation view of an exemplary 
bone Screw that may be threadably engaged with a thread of 
an aperture intraoperatively tapped by the system of FIG. 1, 
in accordance with aspects of the present teachings. 
0017 FIG. 6 is a partially sectional view of the bone 
screw of FIG. 5 placed into threaded engagement with a 
bone plate and bone, in accordance with aspects of the 
present teachings. 
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0018 FIGS. 7-12 are partially sectional views of exem 
plary configurations of a bone plate, a bone, and bone Screws 
created by performing Steps of a method of Securing a bone 
plate to a bone, in accordance with aspects of the present 
teachings. 

0.019 FIG. 13 is a sectional view of an exemplary guide 
device clamped to a bone and a bone plate and defining a 
path through an aperture of the bone plate and into the bone, 
in accordance with aspects of the present teachings. 

DETAILED DESCRIPTION 

0020. The present teachings provides systems, including 
apparatus, methods, and kits, for Selectively tapping aper 
tures of bone plates, to form threaded apertures during 
installation of the bone plates (i.e., intraoperatively). These 
Systems may allow a Surgeon to choose independently 
between threaded and nonthreaded engagement with a fas 
tener for different apertures of the bone plates, So that each 
fastener can be locked or not locked, respectively, to the 
plates. Moreover, these Systems may allow the Surgeon to 
choose the angle at which fastenerS engage the bone plate 
and bone, by allowing the apertures to be tapped at Selected 
angles. 

0021 FIG. 1 shows an exemplary system 10 for intra 
operatively tapping an aperture(s) of a bone plate. The 
System may include, among others, (1) a tap device 12, (2) 
a bone plate 14 having one or more apertures 16, and (3) 
fasteners to be received in tapped and/or nontapped aper 
tures of the bone plate. The tap device may be used to form 
a thread in (to tap) any Suitable number of the apertures of 
the bone plate. Each aperture may be threaded or non 
threaded before intraoperative tapping is performed. Fur 
thermore, one or more (or all) apertures may be sized/shaped 
to be tapped intraoperatively with the tap device, and one or 
more (or no) apertures may be sized/shaped so that they 
cannot be tapped readily with the tap device. In Some 
embodiments, an aperture(s) may be formed and tapped in 
a bone plate by the tap device. In Some examples, the tap 
device may drill, ream, and/or tap bone underlying each 
aperture. Further aspects of tap devices and their uses in 
general, and tap device 12 and its uses in particular, are 
included below in Sections I and III, among others. 
0022. The bone plate may be disposed on a bone 18, 
adjacent a Suitable Surface of a bone. The Suitable Surface 
may be disposed on diaphyseal bone (the shaft of the bone) 
and/or on metaphyseal bone (near an end of the bone). In 
Some embodiments, intraoperative tapping adjacent meta 
physeal bone may be more Suitable, due, for example, to the 
greater complexity in Shape and/or breakage patterns in 
metaphySeal regions. The bone may have at least one 
discontinuity, Such as a fracture 20, which may be spanned 
by the bone plate, and/or the bone plate may strengthen a 
bone lacking a discontinuity, among others. The bone plate 
may be connected to the bone with Suitable fasteners, Such 
as one or more bone ScrewS 22 received in apertures of the 
bone plate and engaged with underlying bone. In Some 
examples, the fastenerS may be positioned to Secure the bone 
plate to the bone on only one Side or on opposing Sides of 
the discontinuity. In Some embodiments, the fastenerS may 
include a wire, a clamp, a pin, and/or the like. In any case, 
the fastenerS may hold the bone plate in position on the bone 
provisionally, as the bone plate is being tapped at one or 
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more apertures (and then removed/replaced), or for an 
extended period, Such as during healing of the bone, among 
others. 

0023 The apertures to be tapped (i.e., threaded) in a 
plate, and the angles at which the apertures are tapped, may 
be selected. Selection may be performed during Surgery, 
based on X-ray (or other) imaging data, direct observation, 
trial fitting, and/or placement of a guide device, among 
others. The use of bone Screws in conjunction with one or 
more threaded apertures of a bone plate may allow at least 
a portion of the plate to be optionally positioned as a 
buttress, away from the bone. This may allow perioStea, 
blood vessels, and/or the like to pass under the plate without 
being pinched or damaged, possibly promoting faster heal 
ing. Positioning the plate slightly away from the bone further 
may allow for Some amount of natural Settling and/or 
thickening (e.g., through calcification) of the fractured bone. 
Accordingly, the present teachings may provide greater 
flexibility in placement of bone screws into bone (such as 
metaphyseal bone), improved attachment of bone Screws to 
bone plates and/or to bone, and/or improved fixation and 
healing of injured bones, among others. 
0024. Further aspects of the present teachings are 
included in the following Sections, including, among others, 
(I) tap devices, (II) fasteners for tapped apertures, (III) 
methods of tapping apertures and of Securing bone plates to 
bones, (IV) bone plates, (V) guide devices, (VI) kits, and 
(VII) examples. 
0.025 I. Tap Devices 
0026. The systems of the present teachings provide tap 
devices. A tap device may include any structure that can be 
manipulated or operated to form a thread(s) in a bone plate, 
particularly while the bone plate is disposed on a bone. The 
tap device also may be configured to form and/or follow a 
hole in bone and/or in the bone plate, to widen a hole in the 
bone (and/or in the bone plate), and/or to reduce or draw out 
“chips” (i.e., bone and/or plate material removed by the tap 
device), among others. The tap device may be Solid or may 
be partially or completely hollow, for example, cannulated 
with an axial bore. The tap device may include a tip portion, 
a reamer portion, a tap portion, and a driven portion, among 
others. Any two or more of these portions may be coupled 
to one another in a fixed or a movable (Such as a rotatable) 
relationship. In Some examples, these portions may be 
formed integrally as one piece, for example, as a tapping bit. 
In Some examples, the tap device also may be configured to 
Secure the bone plate to bone, Such as a bone Screw having 
a tapping Structure included in the head of the bone Screw. 
0027. The tap device may be formed of any suitable 
material hard enough to cut a thread in the bone plate and/or 
bone. Accordingly, the material for the tap device may be 
Selected, for example, based on the composition of the bone 
plate. The material also may be rigid enough to transmit a 
torque from the driven portion of the tap device to the tap 
portion, and to remain generally nondeformed during tap 
ping operations. Exemplary materials for the tap device may 
include metal, ceramic, plastic, composite, and/or the like. 
0028. The tip portion, also termed a guidance tip, may be 
disposed at a leading end (a distal region) of the tap device, 
to guide the tap device into bone. The tip portion may help 
to Stabilize the tap device and to hold it at a fixed angle 
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relative to the bone, while tapping takes place. Alternatively, 
or in addition, the tip portion may facilitate penetrating the 
bone at a desired angle to produce a pilot hole in the bone, 
or may follow, widen, and/or deepen all or part of a 
preexisting pilot hole. The tip portion may be rigid enough 
not to be deformed Substantially as it guides the tap portion 
to the bone plate. 
0029. The tip portion may have any suitable shape and 
size. The tip portion may be generally linear or may be 
nonlinear, Such as helical or curved. The tip portion may be 
generally cylindrical, having a Smooth, textured, and/or 
contoured Surface. A distal end region of the tip portion may 
be rounded, tapered, and/or or pointed, among others. In 
Some examples, the tip portion may include drilling Struc 
ture, So that the tip portion also can form a hole in bone as 
the tip portion enters bone. In this case, the tip portion may 
include a cutting edge, a helical channel, and/or a distal end 
region that is sharp, among others. The tip portion may have 
any Suitable length, measured axially in the tap device. 
Generally, the tip portion may be at least as long as the tap 
portion, and may be at least about twice or three times as 
long as the tap portion, among others. Furthermore, the tip 
portion may have a length Selected according to the length 
of the shaft of a bone screw to be used with the tap device. 
For example, the tip portion may have a length that is about 
as long as, shorter than, or longer than, the length of the shaft 
of the bone Screw to be placed in an aperture tapped by the 
tap device. In Some embodiments, the tip portion may have 
a length of about 5 mm to 100 mm, with particular exem 
plary lengths of about 8 mm, 25 mm, and 50 mm, among 
others. The tip portion may have any Suitable diameter, 
generally a diameter less than the diameter of the tap portion 
and less than the crest-to-crest diameter of a threaded shaft 
of a fastener to be placed in an aperture tapped by the tap 
portion. In Some examples, the diameter of the tip portion 
may be less than about one-half the diameter of the tap 
portion. In Some embodiments, the tip portion may have a 
diameter of about 1.5 mm to 4.0 mm, among others. 
0030 The reamer portion may be configured to widen a 
hole in bone followed and/or formed by the tip portion. 
Accordingly, the reamer portion may be included in the tip 
and/or tap portions or may be disposed between the tip 
portion and the tap portion (Such as adjoining the tap 
portion), among others. The reamer portion may taper from 
the tap portion toward the tip portion, and thus may have a 
generally frustoconical shape. The reamer portion may 
include one or more cutting flutes extending, for example, 
generally axially on the tap device. 
0031. The tap portion may be used to form a thread in a 
bone plate aperture and/or in underlying bone. The tap 
portion may include an external thread or threaded region to 
guide cutting Surfaces of the tap portion along a helical path 
to form an internal thread in the aperture and/or in the bone. 
The external thread or threaded region may have any Suit 
able number of thread Segments arrayed generally axially, 
Such as at least one, two, three, or more. The tap portion may 
taper toward a distal Section of the tap device (toward the tip 
portion), So that a thread cut by the tap portion becomes 
shallower toward the tip portion, particularly in bone. 
Accordingly, the external thread/threaded region of the tap 
portion may have flatter/shorter crests distally. The tap 
portion may include one or more cutting flutes interSecting 
the external thread or threaded region, for example, extend 
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ing axially on the tap device. The cutting flutes of the tap 
portion may abut cutting flutes of the reamer portion. In 
Some examples, the tap portion (or an adjacent, proximal 
region of the tap device) may include a stop structure, Such 
as a widened region or a transverse extension, that contacts 
the bone plate, to restrict excessive advancement of the tap 
portion through the bone plate. In Some examples, the Stop 
Structure may have an adjustable axial position. 
0032. The driven portion may be configured to be 
coupled to a driver So that the tap device can be rotated. The 
driver may include any Suitable turning mechanism, Such as 
a power-driven or manually operated driver, and/or a manu 
ally operable lever or hand crank, among others. The driven 
portion may include a shaft that extends proximally from the 
tap portion. The shaft may be cylindrical or noncylindrical. 
In Some examples, the shaft may be at least as long as the 
tap portion, or at least twice as long, among others. The 
driven portion also may include, for example, a recess, a 
bOSS, a ridge, a groove, a thread, and/or a beveled/flattened 
Section, among others, to facilitate engagement with the 
driver. 

0033 FIGS. 2 and 3A-C show various views of tap 
device 12 from FIG. 1. The tap device 12 may include a tip 
portion 42, a reamer portion 44, a tap portion 46, and a 
driven portion 48. 
0034. The tip portion 42 may be shaped to follow a pilot 
hole formed in bone. The tip portion 42 may include a 
rounded leading or distal end 50 and a cylindrical following 
or proximal Section 52. The tip portion may be at least 
Substantially or completely nonthreaded along its length. 
0035. The reamer portion 44 may flare outward as it 
extends away from the proximal section 52 of the tip 
portion. The reamer portion may abut the tap portion 46 and 
may share a plurality of axial flutes 54 with the tap portion. 
An edge of each flute may define a cutting edge 56 where the 
flute meets the reamer portion (or the tap portion). The flutes 
also may extend into the tip portion and/or the driven 
portion. 

0036) The tap portion 46 may include a thread (or 
threads) 60 having a plurality of adjacent thread segments 
62. The thread Segments may be grouped into Segment Sets 
64 separated by flutes 54 (see FIGS. 3B and 3C). The thread 
may taper toward the tip portion. For example, distal thread 
Segments, shown at 66, may be shorter and/or blunter than 
proximal thread segments, shown at 68 (see FIG. 3B). 
0037. The driven portion 48 may include a spacer or shaft 
70 and an interface region 72 engaged by a driver (see FIG. 
3A). The interface region 72 may include an annular groove 
74 and/or a planar receSS 76, among others. 
0038 FIG. 4 shows another exemplary tap device 80 for 
intraoperatively tapping an aperture of a bone plate. Tap 
device 80 may include a tip portion 82 configured as a drill 
bit, to form a hole in the bone (and/or bone plate) before 
and/during tapping performed by a tap portion 84 of the tap 
device. 

0039) 
0040. The systems of the present teachings may provide 
fasteners to be received in tapped apertures, particularly 
apertures tapped by a tap device as described in Sections I 
and III. The fasteners, Such as bone Screws, may include a 

II. Fasteners for Tapped Apertures 
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head and a Shank, each of which may be threaded or 
nonthreaded. The fasteners may be solid or partially or 
completely hollow (i.e., cannulated with an axial bore) 
0041. The head may have any suitable size and structure. 
For example, the head may have any Suitable diameter, 
generally at least as great as, or greater than the diameter of 
the Shank. The diameter may correspond to the diameter of 
a tapped aperture, So that at least a portion of the head fits 
closely into the tapped aperture. In Some embodiments, the 
diameter of the head may be about 3 mm to 7 mm. The head 
may have any Suitable length, measured axially on the 
fastener. For example, the length of the head may be leSS 
than, about the same as, or greater than the thickness of a 
bone plate for which the fastener is configured. In Some 
embodiments, the head may have length Sufficient for a 
proximal (or intermediate) region of the head to be disposed 
in a tapped aperture of the bone plate and for a distal region 
of the head to be disposed in bone. In Some examples, a 
proximal portion of the head may protrude above the bone 
plate when the fastener is fully installed. In some embodi 
ments, the length of the head may be about 2 mm to 6 mm, 
among others. The head may include tool engagement 
Structure, Such as a hexagonal Socket, a linear slot, a 
cruciform slot (with or without a deeper central depression), 
or the like, So that a tool can engage the head and transmit 
torque to the head and Shank. The head may include a 
thread(s) extending along any Suitable portion of its length. 
The thread may be an external (male) thread configured to 
be threadably engaged with the internal (female) thread of a 
tapped aperture and/or underlying bone. The thread may 
include any Suitable number of thread Segments arrayed 
axially, generally at least two or more. In Some examples, 
the head may include at least three or at least four of Such 
thread Segments. The thread Segments may form a continu 
ous thread and/or a discontinuous thread (for example, 
interrupted by axial flutes). 
0042. The head also may include a shoulder region, a cap 
region, and/or tapping Structure. The shoulder region may 
join the head to the Shank. The shoulder region may taper 
toward the Shank, for example, So that the shoulder region is 
generally frustoconical, or may be nontapered. The shoulder 
region may be threaded or nonthreaded. A cap region may be 
disposed proximally on the head. The cap region may be 
configured to restrict excessive advancement of the head 
through a tapped aperture. Accordingly, the cap region may 
be nonthreaded and/or may have an increased diameter 
relative to an adjacent threaded region of the head. A tapping 
Structure of the head may be configured to form and/or 
deepen a thread in the bone plate and/or adjacent bone. The 
tapping structure may be disposed, for example, at a leading 
(distal) section of the head. Exemplary tapping structure 
may include one or more flutes extending generally axially 
relative to the head and interSecting a threaded region 
thereof. 

0043. The shank may have any suitable size and struc 
ture. The Shank may have any Suitable length. For example, 
the Shank may be shorter than, at least as long as, or longer 
than the head. In Some examples, the Shank may be at least 
twice as long as the head. In Some embodiments, the Shank 
may be about 5 mm to 100 mm in length, with particular 
exemplary lengths including 8 mm, 10 mm, 25 mm, 50 mm, 
or 70 mm, among others. The Shank may be long enough to 
extend through bone to an opposing bone cortex (for a 
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bicortical fastener), to extend into cancellous bone, and/or to 
terminate in the cortex adjacent the bone plate (for a 
unicortical fastener). In Some embodiments, the Shank may 
be absent from the fastener. The shank may include a 
thread(s) disposed along any Suitable portion of the Shanks 
length, Such as at least Substantially the entire length of the 
Shank. The thread may have the same pitch as a thread on the 
head or may have a different pitch, that is, a Smaller or larger 
pitch that is constant or variable. The Shank may include 
tapping structure configured to form and/or deepen a thread 
in the bone, Such as in a pilot hole used to guide a tap device. 
The tapping structure may be disposed, for example, at a 
leading (distal) Section of the Shank. Exemplary tapping 
Structure may include one or more cutting flutes extending 
generally axially relative to the Shank and interSecting a 
threaded region thereof. 
0044) Exemplary fastener sizes and pitches that may be 
Suitable are included in the following patent application, 
which is incorporated herein by reference: U.S. Provisional 
Patent Application Ser. No. 60/548,685, filed Feb. 26, 2004. 
004.5 FIG. 5 shows an exemplary bone screw 110 that 
may be threadably engaged with an intraoperatively tapped 
aperture, for example, an aperture tapped with the tap 
devices of FIGS. 1-4. Bone screw 110 may include a head 
112 and a shank 114. 

0046) The head 112 may include any suitable structures. 
For example, the head may include a threaded region 116 
extending over a majority of the length of the head. The 
threaded region 116 may include a thread 118, which may be 
intersected by a plurality of flutes 120 to form tapping 
Structures 122 each having a cutting edge 124. The head also 
may include a cap region 126 forming a proximal region of 
the head. Furthermore, the head may include a tool engage 
ment Structure 128 for imparting torque to the bone Screw, 
and a shoulder 130 forming a transition between the head 
and the Shank. 

0047 The shank 114 may include any suitable structures. 
For example, the Shank may include a threaded region 132 
having a thread 134. Furthermore, a distal end of the shank 
may include one or more flutes 136 to form one or more 
tapping Structures 138 each having a cutting edge 139. 
0048 FIG. 6 shows bone screw 110 disposed in threaded 
engagement with a bone plate 140 and bone 142. A proximal 
region of the head 112 may be threaded into a tapped 
aperture 144 of the bone plate, shown at 146. The head may 
be flush with the outer surface of the bone plate, disposed 
below this outer Surface, or may project Somewhat above the 
outer Surface of the bone plate, as shown in the present 
illustration. A distal region of the head may be threaded into 
a tapped cortical region of the bone, shown at 148. The 
Shank 114 may extend into an underlying/opposing cortical, 
cancellous, and/or medullary region of bone 142, for 
example, to be disposed in threaded engagement with the 
bone. 

0049 III. Methods of Tapping Apertures and of Securing 
Bone Plates to Bones 

0050. The systems of the present teachings also provide 
methods of tapping apertures and/or of Securing bone plates 
to bones. These methods may include, among other Steps, 
any Suitable combination of the following Steps, performed 
in any Suitable order, any Suitable number of times: (1) 
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Selecting a bone plate, (2) positioning the bone plate on a 
bone, (3) connecting the bone plate to the bone, (3) forming 
a pilot hole in the bone, (4) tapping an aperture(s) of the 
bone plate, and/or (5) placing a fastener(s) into the aper 
ture(s). These methods may permit a Surgeon to determine, 
aperture by aperture, the Spacing between the plate and 
bone, locked and nonlocked engagement of each fastener 
with the bone plate, and/or the angle(s) with which fasteners 
extend through the bone plate and into bone. Thus, the 
methods described herein may provide Surgeons with more 
options for installation of bone plates, which may lead to 
more Secure and/or appropriate fixation of the plates. 
0051 FIGS. 7-12 show exemplary configurations of a 
bone plate, a bone, and bone Screws that may be created by 
performing exemplary Steps of methods of tapping apertures 
and/or of Securing bone plates to bones. These configura 
tions are described in the following paragraphs relative to 
the method steps listed above. 
0.052 Abone plate may be selected. The bone plate may 
be preshaped for a particular target bone or bone region, 
and/or may be shaped/adjusted intraoperatively. The bone 
plate may have any Suitable number of apertures, including 
none, one, or more, and the apertures may be Similar in 
shape and/or size, or may be of two or more different shapes 
and/or sizes to facilitate tapping intraoperatively and/or to 
direct placement of bone Screws without intraoperative 
tapping. Apertures configured to be tapped may include a 
wall region (a land) extending generally orthogonal to a 
local length-by-width plane defined by the bone plate, Such 
as a wall region forming a cylindrical bore. A counterbore 
may be disposed adjacent the wall region So that the aperture 
flares outward toward the outer surface of the bone plate. 
0053. The bone plate may be positioned on a bone. The 
bone plate may be disposed on a Surface of the bone and may 
span a discontinuity in the bone, by extending axially and/or 
transverse to the bone. For example, FIG. 7 shows an axial 
sectional view of a bone plate 150 disposed on a surface of 
a bone 152 having a fracture 154. The plate may be disposed 
over a region of bone having a corteX 156 and a medullary 
canal 158 and/or may be spaced from the medullary canal of 
the bone (Such as adjacent a metaphyseal region near an end 
of a bone). 
0.054 The bone plate may be connected to the bone. This 
Step of connecting may be performed to limit movement of 
the bone plate relative to bone during intraoperative tapping 
and/or Subsequent fastener placement. Accordingly, the Step 
of connecting may Secure the bone plate to the bone So that 
the bone plate is fixed in position. The Step of connecting 
may be performed with one or more fasteners, Such as 
Screws, pin, wires, etc., placed through apertures of the bone 
plate. For example, FIG. 7 shows bone plate 150 secured to 
bone 152 using bone screws 160 received in apertures 162 
that flank an aperture 164 to be tapped. Any Suitable 
aperture(s) may be selected for the step of connecting. The 
apertures Selected may be tappable intraoperatively (or may 
have already been tapped intraoperatively), or may be sized/ 
shaped So that they are not Suitable to be tapped intraopera 
tively. Alternatively, or in addition, the bone plate may be 
Secured with a clamp device, Such as that described in 
Section V. 

0.055 The bone plate may have at least one tappable 
aperture 164. The tappable aperture may include a generally 
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orthogonal wall or a land 166 into which a thread(s) may be 
formed during intraoperative tapping. The land may define 
a lip of the aperture. In the present illustration, wall 166 
defines a cylindrical region of the aperture. Aperture 164 
also or alternatively may include a counterbore 168, Such as 
the radiused or generally frustospherical counterbore shown 
here. Such a counterbore may be formed, for example, with 
a balling mill. In the present illustration, tappable aperture 
164 has a distinct configuration relative to other apertures 
162 of the bone plate. Accordingly, tappable apertures may 
be visibly distinct and/or may be marked with indicia to 
indicate that they are configured to be tapped. Alternatively, 
in Some embodiments, all the apertures of a bone plate may 
be similar in Structure and configured to be tapped. 
0056. A pilot hole may be formed in the bone. The pilot 
hole may be formed with a hole-forming tool such as a drill 
and/or by a tap device having a hole-forming structure. The 
pilot hole may be formed in alignment with an aperture of 
the bone plate, for example, generally centered below the 
aperture. The pilot hole may be formed orthogonal to the 
bone plate or at a Selected angle relative to the bone plate. 
The angle of the pilot hole may determine a corresponding 
angle at which a bone Screw will Subsequently engage a 
newly tapped aperture. This angle thus may be Selected by 
a Surgeon during Surgery, rather than being predetermined as 
in the case of a pre-threaded aperture. The pilot hole may 
have a diameter greater than the diameter of a tip portion of 
the tap device and less than the diameter of a Shank of a bone 
Screw to be placed in to the pilot hole. The pilot hole may 
have any Suitable depth and may extend unicortically, bicor 
tically, and/or into cancellous bone, among others. 
0057 FIG. 8 shows an exemplary configuration pro 
duced during a step of forming a pilot hole in the bone. A 
drill 172 may be driven rotationally, shown at 174, and 
advanced axially through tappable aperture 164 to form a 
pilot hole 178. The drill 172 may be disposed at a selected 
oblique angle (or orthogonally) relative to the bone Surface. 
The drill 172 may be advanced through the cortex 156 and 
into the medullary canal 158 (and/or into cancellous bone 
and/or into/through an opposing cortex). The depth of hole 
formation may be determined, for example, by a stop 
disposed on the drill, by depth indicia on the drill or on a 
measuring device, by visual observation, and/or the like. In 
Some examples, the drill may be guided by a guide device, 
Such as a hand-held cannula 180 disposed in engagement 
with the bone plate around the tappable aperture 164. 
0058 An aperture of the bone plate may be tapped to 
form a thread in the aperture. The aperture may be tapped 
using a tap device. The aperture may be tapped with the plate 
positioned away from the bone (Such as with the plate 
disposed on a rack or frame), and/or it may be tapped in situ, 
with the plate positioned adjacent the bone. A tip portion of 
the tap device may be received in a pilot hole to guide a tap 
portion of the tap device to an aperture. The tip portion may 
follow a pre-formed pilot hole, may form the pilot hole, 
and/or may widen the pilot hole. For example, FIG. 9 shows 
tip portion 42 of tap device 12 being advanced axially along 
pilot hole 178, shown at 182. The tap device may be rotated 
So that the tap portion 46 taps a wall of the aperture and, 
optionally, underlying bone, particularly cortical bone. The 
tap device may tap the aperture at least Substantially Sym 
metrically, for example, evenly tapping the walls of a 
circular aperture, allowing for up to full threaded engage 
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ment of a fastener with the aperture. Alternatively, the tap 
device may tap the aperture asymmetrically, for example, 
tapping an end, and optionally the adjacent Sides, of an 
elongated aperture, leaving the other end, and optionally the 
adjacent Sides, untapped, allowing for partial threaded 
engagement of a fastener with the aperture. For example, 
FIG. 10 shows tap device 12 with tap portion 46 in 
engagement with the bone plate and underlying cortical 
bone, to form a thread 184 in aperture 164 and extending 
into the bone, shown at 186. Because the tap portion may be 
tapered, the thread formed in bone may be shallower than in 
the bone plate. The reamer portion 44 of the tap device may 
widen the pilot hole and/or the aperture of the bone, shown 
at 188. Tapping may be terminated based a visible position 
of the tap device and/or a marking(s) thereon, using a stop 
mechanism, based on image (Such as X-ray) analysis, trial 
placement of a fastener, and/or the like. 
0059. The tap device may be removed after the aperture 
has been tapped. For example, FIG. 11 shows a tapped bore 
192 formed by the tap device. The tapped bore may include 
a tapped aperture 194 of the bone plate and tapped bone 196 
formed adjacent the tapped aperture. The tapped bore also 
may narrow distally, shown at 198, as it joins the pilot hole 
178. Alternatively, the tap device may be left in position 
after the aperture has been taped, for example, when a bone 
ScrewS taps the aperture of the bone plate. 
0060 A fastener may be placed into the tapped aperture 
and into the bone. The fastener may be advanced rotationally 
into the tapped bore and pilot hole, to lock the fastener to the 
bone plate and to engage bone. For example, FIG. 12 shows 
bone Screw 110 in threaded engagement with tapped aper 
ture 194 and cortical bone 156, through the head 112 of the 
bone Screw. Accordingly, the head may be placed into 
threaded engagement with a pre-existing thread in both the 
bone plate and the bone. The shank of the bone screw may 
be in threaded engagement with adjacent/opposing bone, 
Such as the same cortex and/or the opposing cortex of the 
bone. 

0061 Fasteners then may be placed into other apertures 
of the bone plate. These fastenerS may be placed into 
intraoperatively tapped apertures and/or into nontapped 
apertures. 

0062) IV. Bone Plates 
0.063 Bone plates for intraoperative tapping generally 
comprise any relatively low-profile (or plate-like) fixation 
device configured to Stabilize at least one bone by attach 
ment to the bone. The fixation device may be configured to 
span any Suitable bone discontinuity (or discontinuities) so 
that the fixation device fixes the relative positions of bone 
pieces/fragments (and/or bones) disposed on opposing sides 
of the bone discontinuity (or discontinuities). Alternatively, 
or in addition, the fixation device may reinforce a bone 
lacking a discontinuity. 
0.064 Suitable discontinuities may occur naturally and/or 
may result from injury, disease, and/or Surgical intervention, 
among others. Accordingly, exemplary discontinuities for 
use with the fixation devices described herein may include 
joints, fractures (breaks in bones), osteotomies (cuts in 
bones), and/or nonunions (for example, produced by injury, 
disease, or a birth defect), among others. 
0065. The bone plates to be tapped intraoperatively may 
be configured for use on any Suitable bone, in any Suitable 
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Species, including human, equine, canine, and/or feline 
Species, among others. Exemplary bones may include bones 
of the arms (radius, ulna, humerus), legs (femur, tibia, fibula, 
patella), hands/wrists (e.g., phalanges, metacarpals, and car 
pals), feet/ankles (e.g., phalanges, metatarsals, and tarsals), 
vertebrae, Scapulas, pelvic bones, cranial bones, ribs, and/or 
clavicles, among others. 
0066 Each bone plate may be configured to be disposed 
in any Suitable position relative to its target bone. The bone 
plate (or a plate portion) may be configured to be disposed 
in contact with an exterior Surface of the bone and thus may 
be positioned at least Substantially (or completely) exterior 
to the bone. Alternatively, the bone plate may be configured 
to be disposed at least partially interior to a bone, that is, 
apposed to (normally) interior bone Surfaces when Secured 
to the bone. The interior surfaces of the bone may be 
accessed during installation of the bone plate (Such as by 
punching the bone plate through the exterior bone Surface) 
and/or may be accessible due to a break, a cut, and/or the 
like. 

0067. The bone plates may be formed of any suitable 
material(s). The bone plates may be of a sturdy yet malleable 
construction. Generally, the bone plates should be Stiffer and 
Stronger than the Section of bone Spanned by the plates, yet 
flexible (e.g., springy) enough not to Strain the bone signifi 
cantly. Suitable materials for forming the bone plates may 
include metal, polymer, plastic, ceramic, composite, and/or 
the like. Suitable materials may include biocompatible mate 
rials. Exemplary biocompatible materials may include met 
als/metal alloys (for example, titanium or titanium alloys; 
alloys with cobalt, chromium, and/or molybdenum; Stainless 
Steel; etc.) and/or bioresorbable materials (Such as polyga 
lactic acid (PGA), polylactic acid (PLA), polycaprolactones, 
polydioxanones, copolymers thereof, etc.), among others. 
The materials may be specially Selected and/or treated (e.g., 
by annealing) to facilitate tapping, for example, being Softer 
than at least the cutting portion of the tap, and potentially 
being Softer than regular bone plates (although still hard 
enough to perform the desired function). 
0068 The bone plates may be configured to reduce 
irritation to the bone and Surrounding tissue. For example, 
the bone plates may be formed of a biocompatible material, 
as described above. In addition, the bone plates may have a 
low and/or feathered profile to reduce their protrusion into 
adjacent tissue and rounded, burr-free Surfaces to reduce the 
effects of Such protrusion. 

0069. The bone plates described herein may be sized and 
shaped to conform to particular portions of a bone (or 
bones). The plates may be generally elongate, with a length 
L., a width W, and a thickness T. Here, length Lewidth 
W>thickness T. In use, the long axis of the bone plates (or 
of a plate portion) may be aligned with the long axis of the 
corresponding bone, and/or may extend obliquely and/or 
transversely relative to the bone's long axis. The length 
and/or width of the bone plates may be varied according to 
the intended use, for example, to match the plates with a 
preselected region of bone(s) and/or a particular injury to the 
bone. For example, the plates may be generally linear for use 
on the shaft of a long bone and/or may have a nonlinear 
shape, Such as for use near an end of a bone and/or for 
transverse placement on the shaft, among others. In Some 
examples, the plates may be configured to wrap at least 
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partially around a bone, So that portions of each plate are 
disposed on distinct Sides and/or generally opposing SideS/ 
Surfaces of a bone. In Some embodiments, the bone plates 
may be configured for use on both sides of the body/ 
skeleton, Such as when the bone plates are bilaterally Sym 
metrical. In Some embodiments, the bone plates may be 
asymmetrical and configured for use on either the left or the 
right side of the body/skeleton. 
0070 The bone plates may include inner (bone-facing) 
and outer (bone-opposing) Surfaces. One or both of these 
Surfaces may be contoured generally to follow an exterior 
Surface of a target bone (or bones) for which a bone plate is 
intended, So that the bone plate maintains a low profile and 
fits onto the bone(s). For example, the inner Surface of a 
plate may be generally complementary in contour to the 
bone Surface. The Outer Surface of the plate also may 
correspond in contour to the bone Surface and may be 
generally complementary to the inner Surface of the plate. 
The bone plates may be partially and/or completely precon 
toured, at the time of manufacture, allowing practitioners to 
apply them to bone(s) with little or no additional bending at 
the time of application. Preshaping the plates allows the 
inner or bone-facing Surface of the plate to follow and 
Substantially match the three-dimensional contour of a bone, 
along the length of the plate and/or acroSS the width of the 
plate. For example, the plates may include curved, bent, 
twisted, and/or tubular inner Surfaces that are adapted to face 
bone and to guide the plates to Set onto the bones, initially 
to enhance fixation and/or to template reduction of bone, and 
Subsequently to increase Stability, by grabbing and holding 
bone fragments. In Some embodiments, the plates may be 
Somewhat undercontoured along their long axes, for 
example, to accommodate Soft tissue between a portion of 
the plate and the bone, or to allow additional custom 
contouring pre- or intraoperatively, among others. Alterna 
tively, or in addition, the bone plates may be custom 
contoured by practitioners before and/or during installation 
onto bone. 

0071. The thickness of the bone plates may be defined by 
the distance between the inner and outer Surfaces of the 
plates. The thickness of the plates may vary between plates 
and/or within the plates, according to the intended use. For 
example, thinner plates may be configured for use on Smaller 
bones and/or on bones or bone regions where Soft tissue 
irritation is a greater concern. Thickness may be varied 
within the plates. For example, the plates may become 
thinner as they extend over protrusions (Such as processes, 
condyles, tuberosities, and/or the like), reducing their profile 
and/or rigidity, among others. Alternatively, or in addition, 
the thickness may vary as an interior portion of the bone 
plate extends into bone, for example, becoming thinner to 
facilitate insertion of this interior portion or thicker to 
increase Structural Stability. The thickness of the plates also 
may be varied to facilitate use, for example, to make the 
plates thinner where they typically need to be deformed by 
bending and/or twisting the plates, Such as at a junction (or 
bridge region) between plate portions. In this way, the plates 
may be thicker and thus Stronger in regions where they may 
not need to be contoured, Such as along the Shaft of the bone. 
0.072 The bone plates generally include a plurality of 
openings (apertures). The openings may be adapted to 
receive fasteners for Securing the plates to bone. Alterna 
tively, or in addition, one or more of the openings may be 
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configured to alter the local rigidity of the plates, to permit 
the plates to be manipulated with a tool (Such as an attach 
able handle), to facilitate blood flow to bone regions where 
the bone plates are installed, to promote healing, and/or the 
like. These openings may extend through the bone plates 
(between inner and outer Surfaces) and/or may extend at 
least Substantially parallel to the inner and/or Outer Surfaces 
of the bone plates. 
0073. The openings may have any suitable positions, 
sizes, and/or densities within each portion of a bone plate. 
The openings may be arrayed generally in a line along a 
portion of the plate, for example, centered across the width 
of the plate. Alternatively, the openings may be arranged 
nonlinearly, for example, disposed in an arcuate, Staggered, 
or other two-dimensional (or three-dimensional) arrange 
ment. 

0074 The openings may have any suitable shape and 
Structure. Exemplary shapes may include circular, elongate 
(Such as elliptical, rectangular, oval), etc. The openings may 
include counterbores. The counterbores may be configured, 
for example, to receive a head of a bone Screw, to reduce or 
eliminate protrusion of the head above the outer Surface of 
the plate. The openings may be threaded or nonthreaded, and 
each bone plate may include one or more threaded and/or 
nonthreaded openings. Threaded openings may be used to 
position at least a portion of a bone plate away from the 
bone, as described above, So that the perioSteum, neurovas 
cular bodies, and the like, may pass under the plate without 
being pinched or damaged. 

0075 Openings to be tapped (tappable apertures) may 
have any Suitable shape and Structure. Tappable apertures 
may be round, elliptical, oval, and/or the like. Tappable 
apertures may include a lip (a land) having a Wall extending 
generally parallel to a thickneSS axis of the plate. The lip 
may be disposed adjacent the inner (bone-facing) Surface of 
the bone plate (and spaced from the outer Surface of the bone 
plate). Accordingly, with a circular tappable aperture, the lip 
or land may define a cylindrical region of the aperture to be 
tapped. Tappable apertures may include or lack a counter 
bore, generally disposed adjacent the outer (bone-opposing) 
Surface of the bone plate (and spaced from the inner Surface 
of the bone plate). The counterbore may have any suitable 
shape including frustoconical, radiused (Such as a generally 
frustospherical), and/or a combination thereof, among oth 
ers. In Some examples, a concave radiused (such as frusto 
spherical) counterbore may be preferred over a frustoconical 
counterbore, because a thread may be formed by removing 
leSS material from the bone plate during intraoperative 
tapping. 

0076. In some embodiments, the plates may include one 
or a plurality of elongate openings (for example, oval 
openings) extending axially, obliquely, and/or transversely 
within each bone plate. The elongate openings may be 
compression slots that include tapered counterbores to pro 
vide compression when heads of bone Screws are advanced 
against the counterbores. Alternatively, or in addition, the 
elongate openings may be used to adjust the position of bone 
plates and/or plate portions relative to bone before the plates 
are fully Secured to the bone. In Some examples, Some or all 
of the elongate openings may be configured to be tapped 
intraoperatively, as discussed above. In other examples, 
Some or all of the elongate openings may not be configured 
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to be tapped intraoperatively, whereas at least one or more 
circular openings in the bone plate may be configured to be 
tapped intraoperatively. 
0077. In some examples, the bone plates may include one 
or more projections. The projections may extend, for 
example, generally orthogonal from the inner Surface of the 
bone plates toward bone. The projections may be sharp or 
blunt according to their intended use. For examples, Sharp 
projections may be configured as prongs that penetrate bone 
to restrict movement of the bone plates. Prongs may be used 
in place of, or in addition to, bone fasteners, for one or more 
portions of each bone plate. Blunt (or sharp) projections, 
Such as ridges or knobs, may be configured as spacing 
members that elevate the bone plates from the bone surface. 
0078. The bone plates may have at least one, and gener 
ally two or more, plate portions (or anchor portions) con 
figured to be Secured to different regions of a bone (or 
bones). Each plate portion may be structured for a specific 
region of a bone. For example, the bone plates may include 
a proximal plate portion for attachment to a more proximal 
region of a bone, and a distal plate portion for attachment to 
a more distal region of the same bone. Alternatively, or in 
addition, the bone plates may include an exterior plate 
portion configured to fit against an exterior Surface region of 
bone adjacent a bone discontinuity, and/or an interior plate 
portion configured to be received in an interior (e.g., 
recessed, resected, and/or excavated) region of bone adja 
cent the bone discontinuity. 
0079 The plate portions of a bone plate may have any 
Suitable connection. In Some examples, the plate portions 
may be formed integrally, So that one piece of the bone plate 
includes the plate portions. Alternatively, plate portions may 
be formed as Separate pieces. The Separate pieces may be 
connected by any Suitable connection and/or joint, including 
a fastener(s), welding, a hinge joint, a ball-in-Socket joint, 
and/or the like. Further aspects of bone plates having adjust 
able joints are described in the following patent application, 
which is incorporated herein by reference: U.S. patent 
application Ser. No. 10/716,719, filed Nov. 19, 2003. 
0080. The plate portions of a bone plate may have any 
Suitable relative disposition. The plate portions may be 
disposed Such that they are Substantially collinear and/or 
parallel, oblique, or Substantially transverse to one another. 
The relative disposition may be fixed and/or adjustable. In 
Some examples, the plate portions may be connected inte 
grally by a deformable bridge region, So that the bone plate 
can be bent pre- or intraoperatively to adjust the relative 
disposition of the plate portions. Alternatively, the plate 
portions may be distinct pieces connected, for example, 
through an adjustable joint, as described above. 
0081 V. Guide Devices 
0082 The systems of the present teachings may include 
one or more guide devices. A guide device may include any 
Structure, other than the bone plate or bone, that guides hole 
formation in bone (and/or in the bone plate), thread forma 
tion in the bone plate (and/or bone), and/or fastener place 
ment. 

0.083. The guide device may form a channel along which 
a fastener, a tap device, a reamer, and/or a drill may be 
guided. The channel may have any Suitable Structure, Such 
as linear or nonlinear. The channel may be generally cylin 
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drical or noncylindrical. The channel may be hollow (such 
as a tube with an axial bore) and/or may be Solid (Such as a 
guide wire). 
0084. The guide device may be held in position during its 
use by any Suitable mechanism. For example, the guide 
device may be held manually, Such as through a handle 
and/or other graspable portion. Alternatively, or in addition, 
the guide device may be held with an auxiliary device, Such 
as a positioning jig, and/or it may be Secured directly to the 
bone plate and/or bone, Such as with a fastener(s), a clamp, 
and/or the like. 

0085 FIG. 13 shows an exemplary guide device 210 
clamped to a bone 212 and a bone plate 214. The guide 
device may define a path 216 through an aperture 218 of the 
bone plate and into the bone. The path may be defined 
between positions of opposing engagement of the guide 
device with bone and/or the bone plate. The guide device 
may include a frame 220 that holds or includes a clamp 
portion 222, a clamp release mechanism 224, a guide portion 
226, and a handle portion 228. 
0086 The clamp portion 222 may be configured to apply 
a compressive force to the bone plate and the bone. The 
compressive force may restrict slippage of the clamp device 
and/or the bone plate. The clamp portion may include a 
pincer formed by opposing (first and Second) pincer mem 
bers 230, 232. First pincer member 230 may be included in 
an arm 234 extending from the frame 220 to an opposing 
surface of the bone. The first pincer member may indicate a 
location where a pilot hole, tap device, and/or fastener 
would exit the bone opposite the plate. Thus, the first pincer 
member may serve as an indicator that shows the linear 
extension from the guide portion, along path 216, through 
the bone. This may enable a Surgeon to choose more 
precisely a Suitable angle at which in to form a pilot hole, tap 
the bone plate, and/or place a fastener. Second pincer 
member 232 may be threadably coupled to the frame, so that 
rotation of the Second pincer member adjusts the spacing 
between the pincer members, and thus how tightly the bone 
and bone plate are engaged. 
0087. The clamp release mechanism 224 may include a 
threaded block or retainer 238 biased into threaded engage 
ment with the second pincer member 232. The retainer may 
be biased with a biasing mechanism 240 including a Spring 
242 or other biasing element. A Switch, Such as a lever or 
trigger 244, may be coupled to the biasing mechanism 240, 
and may be operable to release Second pincer member 232 
from engagement with retainer 238, to allow release and/or 
repositioning of the clamp portion. 

0088 Guide portion 226 may be formed at least partially 
by the second pincer member 232. The guide portion 226 
may include an axial bore 246 sized to receive a drill, a tap 
device, and/or a fastener, among others. 

0089) VI. Kits 
0090 The systems of the present teachings may provide 
kits for tapping apertures intraoperatively. These kits may 
include (1) one or more tap devices, (2) one or more bone 
plates, (3) fastenerS Such as bone Screws, (4) a guide device, 
and/or (5) instructions for their use, among others. 
0091. The kits may include one or more tap devices. Tap 
devices included in a kit may be of various sizes, including 
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tap devices with different lengths, diameters, thread pitches, 
and/or thread depths, to be used in conjunction with various 
bone plates and/or fasteners for fixation of various types of 
fractures. For example, the tap devices may have tap por 
tions of various lengths to accommodate bone plates of 
different thicknesses, and they may have tap portions of 
various diameters to accommodate bone plate apertures of 
different sizes. The tap devices in a kit also may have tap 
portions of various thread patterns, to tap apertures for 
engaging various sizes/types of bone Screws. The tap 
devices also may have tip portions of different lengths and/or 
diameters, to follow and/or form pilot holes of different 
depths and/or diameters, for example, according to the 
length and/or diameter of bone Screws to be placed into the 
tapped apertures. A kit may include a plurality of inter 
changeable tap portions and/or a plurality of interchangeable 
tip portions, to accommodate various combinations of bone 
plate thickness, aperture diameter, thread pattern, pilot hole 
diameter, and/or pilot hole depth, among others. 

0092 Bone plates provided in kits (or selected otherwise) 
may be sized and/or shaped to conform to particular regions 
of bone, or to different portions of the same region of bone, 
among others. In particular, the plates may be preshaped 
(preformed) to fit an average target anatomy, Such as a 
population-averaged shape of a particular anatomical region. 
The average anatomy may be a human (or other animal) 
anatomy averaged over any Suitable Set, Such as, for 
example, adults, adult males, adult females, people that fall 
within a particular size range, children of a given age, and 
So on. The bone plates may include one or more apertures, 
Such as one or more circular and/or oval apertures. In Some 
examples, the kits may include at least one bone plate having 
a circular aperture corresponding generally in diameter to 
the root-to-root diameter of a tap portion of a tap device in 
the kits. 

0093 Fasteners, such as bone screws, provided in kits (or 
Selected otherwise) may be sized and/or shaped in corre 
spondence with one or more tap devices included in the kits. 
For example, the kits may include bone Screws with a head 
configured to be threadably engaged with a thread formed by 
a tap device of the kit, and/or with a Shank configured to be 
threadably engaged with bone Surrounding a pilot hole 
formed and/or followed by the tap device. The kits also may 
include one or more additional fasteners configured to be 
placed into bone from nonthreaded apertures of the bone 
plates. 

0094. The kits also may include additional tools and/or 
consumable Surgical Supplies that may be required for 
carrying out the connective tissue repair, Substantially as 
described above, Such as additional clamps and/or other 
Surgical tools that may facilitate grasping and/or positioning 
the connective tissue that is being repaired. 

0.095 The kits may be constructed or assembled for 
Single and/or multiple use. For example, the kits, or com 
ponents thereof, may be configured, in Some embodiments, 
for a single use, Such as tapping a single aperture, a single 
plate, or a Set of plates during a Single Surgical procedure. 
These embodiments optionally may be prepackaged in a 
Sterile wrapper. Thus, as needed, components of the kit 
could be removed from the Sterile wrapper, used to tap and 
install one or more plates, and then discarded. Alternatively, 
the kits, or components thereof, may be configured, in other 
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embodiments, for effecting multiple repairs, during the same 
or different Surgical procedures. In these cases, reusable 
components may be configured to reduce contamination 
(e.g., via Smooth Surfaces) and/or to facilitate sterilization, 
Such as by washing and autoclaving (e.g., through choice of 
material, Such as metal). 

VII. EXAMPLES 

0096. The following examples describe selected aspects 
and embodiments of the present teachings, as a Series of 
ordered paragraphs. These examples are included for illus 
tration and are not intended to limit or define the entire Scope 
of the invention. 

0097. 1. A kit for internally fixing a discontinuity in a 
bone, comprising: a drill tap, including (1) a tapping portion 
including a plurality of external threads configured to intra 
operatively form internal threads in the aperture of a bone 
plate; and (2) a guidance tip, attached to the tapping portion, 
configured to follow and/or form a pilot hole in a bone. 
0098 2. The kit of paragraph 1, wherein the guidance tip 
is detachable from the tapping portion. 
0099 3. The kit of paragraph 1, wherein the drill tap 
further comprises a shaft portion adapted to engage with a 
turning mechanism. 
0100 4. The kit of paragraph 1, wherein the drill tap 
further comprises a tapered portion, disposed between the 
tapping portion and the guidance tip, for forming a tapered 
region of the pilot hole. 
0101 5. The kit of paragraph 1, further comprising: 

0102 a clamp guide, including a bone clamp portion 
for holding the bone plate to the bone; and a drill 
guide portion configured to provide alignment for 
the drill tap. 

0.103 6. The kit of paragraph 5, wherein the clamp guide 
further comprises an indicator configured to indicate a linear 
extension of the drill tap through the bone. 
0104 7. The kit of paragraph 5, further comprising a bone 
plate having at least one threadable aperture. 
0105 8. The kit of paragraph 1, further comprising a bone 
plate having at least one threadable aperture. 
0106 9. A method of internally fixing a discontinuity in 
a bone, comprising: (1) Selecting a bone plate having at least 
one threadable aperture; (2) positioning the plate on a 
Surface of the fractured bone; (3) threading intraoperatively 
at least one of the threadable apertures; and (4) attaching the 
plate to the bone by inserting a threaded fastener into one or 
more of the intraoperatively threaded apertures. 

0107 10. The method of paragraph 9, the threaded fas 
tener being a bone Screw, wherein threads of the bone Screw 
engage threads of the aperture. 

0.108 11. The method of paragraph 10, further compris 
ing drilling a pilot hole in the bone for engaging a shaft 
portion of the bone Screw. 
0109 12. The method of paragraph 11, wherein the steps 
of drilling a pilot hole and intraoperatively threading at least 
one of the threadable apertures are performed Sequentially. 
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0110 13. The method of paragraph 11, wherein the steps 
of drilling a pilot hole and intraoperatively threading at least 
one of the threadable apertures are performed at least 
partially simultaneously. 

0111 14. The method of paragraph 13, wherein the steps 
of drilling a pilot hole and intraoperatively threading at least 
one of the threadable apertures are performed by a drill tap 
comprising: (1) a tapping portion including a plurality of 
external threads configured to form internal threads in the 
aperture of a bone plate; and (2) a guidance tip, rigidly 
attached to the tapping portion, configured to follow and/or 
form a pilot hole in a bone. 
0112 15. The method of paragraph 9, further comprising 
clamping the bone plate to the bone, prior to the Step of 
intraoperatively threading. 

0113 16. The method of paragraph 15, further compris 
ing Selecting an angle for threading the threadable aperture. 
0114 17. The method of paragraph 16, further compris 
ing aligning a drill tap at the Selected angle with a clamp 
guide. 

0115, 18. The method of paragraph 9, wherein the step of 
intraoperatively threading at least one of the threadable 
apertures comprises: (1) tapping the at least one of the 
threadable apertures to create threads using a drill tap, and 
(2) removing the drill tap from the at least one of the 
threadable apertures, So that the aperture is accessible to a 
fastener. 

0116. The disclosure set forth above may encompass 
multiple distinct inventions with independent utility. 
Although each of these inventions has been disclosed in its 
preferred form(s), the Specific embodiments thereof as dis 
closed and illustrated herein are not to be considered in a 
limiting Sense, because numerous variations are possible. 
The subject matter of the inventions includes all novel and 
nonobvious combinations and Subcombinations of the Vari 
ous elements, features, functions, and/or properties dis 
closed herein. The following claims particularly point out 
certain combinations and Subcombinations regarded as 
novel and nonobvious. Inventions embodied in other com 
binations and Subcombinations of features, functions, ele 
ments, and/or properties may be claimed in applications 
claiming priority from this or a related application. Such 
claims, whether directed to a different invention or to the 
Same invention, and whether broader, narrower, equal, or 
different in Scope to the original claims, also are regarded as 
included within the subject matter of the inventions of the 
present disclosure. 

I claim: 

1. A method of tapping a bone plate intraoperatively, 
comprising: 

Selecting a bone plate having an aperture; 

placing the bone plate on a bone; and 

forming a thread in the aperture with the bone plate 
disposed on the bone. 

2. The method of claim 1, wherein the Step of placing 
includes a step of attaching the bone plate to the bone. 
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3. The method of claim 2, the aperture being a first 
aperture, wherein the Step of attaching includes a Step of 
inserting a fastener through a Second aperture and into the 
bone. 

4. The method of claim 1, wherein the step of forming 
also forms a thread in the bone. 

5. The method of claim 1, further comprising a step of 
forming a hole in the bone, the hole being in alignment with 
the aperture. 

6. The method of claim 5, wherein the step of forming a 
hole is performed at least substantially before the step of 
forming a thread. 

7. The method of claim 6, wherein the step of forming a 
thread is performed with a tap device having a tap portion 
and a tip portion, and wherein the Step of forming a thread 
includes a step of inserting the tip portion into the hole So 
that the tap portion is guided to the aperture. 

8. The method of claim 5, further comprising a step of 
widening the hole adjacent the aperture to create a counter 
bore in the bone, wherein the Step of widening is performed 
at least partially during the Step of forming a thread. 

9. The method of claim 1, further comprising a step of 
Selecting an angle for the Step of forming a thread. 

10. The method of claim 9, Wherein the step of selecting 
an angle includes a step of disposing a guide device at least 
Substantially at the angle. 

11. The method of claim 9, wherein the step of selecting 
an angle includes a Step of drilling a hole in the bone at least 
Substantially at the angle. 

12. The method of claim 1, further comprising a step of 
placing a fastener through the aperture and into the bone 
after the Step of forming a thread in the aperture. 

13. The method of claim 12, wherein the step of forming 
a thread is performed using a tap device, the method further 
comprising a Step of removing the tap device from the 
aperture after the Step of forming a thread So that the 
aperture is accessible to the fastener. 

14. The method of claim 1, wherein the step of selecting 
a bone plate includes Selecting a bone plate formed at least 
substantially of metal. 

15. The method of claim 14, wherein the step of selecting 
a bone plate includes Selecting a bone plate formed at least 
Substantially of titanium. 

16. A method of fixing a bone, comprising: 
Selecting a bone plate having a plurality of apertures, 

Securing the bone plate to the bone with at least one first 
fastener placed into the bone from at least one first 
aperture of the bone plate; 

forming a thread in a Second aperture of the bone plate 
after the Step of Securing, and 

placing a Second fastener through the Second aperture, 
into bone, and into threaded engagement with the 
thread. 

17. A device for tapping a bone plate intraoperatively, 
comprising: 

a tap portion configured to form a thread in an aperture of 
a bone plate connected to a bone as the tap portion is 
rotated; and 

a tip portion attached to the tap portion and configured to 
follow a hole in the bone to guide the tap portion to the 
aperture. 
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18. The device of claim 17, wherein the tip portion also 
is configured to form the hole in the bone. 

19. The device of claim 17, wherein the tip portion is 
longer than the tap portion. 

20. The device of claim 17, further comprising a reamer 
portion disposed between the tap portion and the tip portion, 
the reamer portion being configured to widen the hole in the 
bone. 

21. The device of claim 17, wherein the tap portion tapers 
toward to the tip portion so that the thread formed by the tap 
portion varies in depth. 

22. The device of claim 17, wherein the tip portion is at 
least Substantially nonthreaded. 

23. The device of claim 17, further comprising shaft 
attached to the tap portion and opposing the tip portion. 
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24. A kit for tapping a bone plate, comprising: 
a bone plate having an aperture, and 
a tap device configured to form a thread in the aperture. 
25. The kit of claim 24, further comprising a plurality of 

bone Screws, at least one of the bone Screws being config 
ured to be received in the aperture, in threaded engagement 
with the thread. 

26. The kit of claim 25, the bone plate having a thickness, 
wherein the one or more bone Screws include a threaded 
head region, and wherein the threaded head region has an 
axial length that is Substantially greater than the thickness of 
the bone plate. 


