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(57) ABSTRACT

Technologies related to articulated bone drill and articulated
bone tap apparatus are generally described. In some
examples, articulated bone drills and taps may comprise
bendable spines, movable bits, and flexible cylindrical tap or
drill sleeves. The movable bit may be engaged at a distal end
of the spine, and tensioning the spine and/or longitudinal
displacement of at least one spine section with respect to at
least one other spine section may be effective to steer the bit.
The flexible cylindrical sleeve may be adapted to at least
partially encase the spine, and the sleeve and the bit may be
mechanically engaged so that rotation of the sleeve around
the spine is effective to rotate the bit.
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ARTICULATED BONE DRILL AND TAP

BACKGROUND

[0001] Unless otherwise indicated herein, the materials
described in this section are not prior art to the claims in this
application and are not admitted to be prior art by inclusion in
this section.

[0002] Orthopedics, the branch of medicine that deals with
the prevention and correction of injuries or disorders of the
skeletal system and associated muscles, joints, and ligaments,
has seen a variety of advances over the years. However, inad-
equate reduction and fixation of bones remains a problem in
the treatment of bone injuries. This is particularly true for
bones of complex shape, such as the human pelvis and jaw
(mandible) bones, although depending on the nature of and
circumstances of injury, difficulties can arise in treating any
bones.

SUMMARY

[0003] The present disclosure generally describes tech-
nologies including apparatus and methods relating to articu-
lated bone taps and/or articulated bone drills. Some example
articulated bone tap apparatus may comprise a bendable
spine, a movable bit, and a flexible cylindrical tap sleeve. The
bendable spine may have a proximal end, a distal end, and a
longitudinal axis, and may comprise two or more sections
extending from the proximal end along the longitudinal axis
to the distal end. The movable bit may be engaged at the distal
end of the spine, and tensioning the spine and/or longitudinal
displacement of at least one spine section with respect to at
least one other spine section may be effective to steer the bit.
The flexible cylindrical tap sleeve may be adapted to at least
partially encase the spine, and the tap sleeve and the bit may
be mechanically engaged so that rotation of the tap sleeve
around the longitudinal axis of the spine is effective to rotate
the bit. For example, the tap sleeve may be adapted to encase
the spine between the bit and a proximal sleeve section at the
proximal end of the spine, and the tap sleeve may comprise
rigid cylindrical tap sections arranged end to end along the
spine, each tap section comprising an internal bore configured
to house the spine, and each tap section comprising an exter-
nal tap flute configured to cut a spiral groove into a sidewall of
a hole cut by the bit as the sleeve rotates.

[0004] Some example articulated bone drill apparatus may
comprise a bendable spine, a movable bit, and a flexible
cylindrical drill sleeve, where the drill sleeve may replace the
tap sleeve of the articulated bone tap apparatus introduced
herein. The drill sleeve may comprise rigid cylindrical drill
sleeve sections arranged end to end along the spine, where the
drill sleeve sections may for example omit the external tap
flutes of the tap sections as described herein.

[0005] Some example methods for treating bone fractures
or dislocations may comprise drilling a hole in a first compact
bone wall of a first bone; inserting an articulated bone tap
apparatus in the hole in the first compact bone wall; turning
the articulated bone tap apparatus to advance the articulated
bone tap apparatus through a non-linear path within cancel-
lous bone in the first bone to a second compact bone wall of
the first bone; turning the articulated bone tap apparatus to
advance the articulated bone tap apparatus through the second
compact bone wall of the first bone and to tap a hole in the
second compact bone wall of the first bone by cutting a spiral
thread groove in a sidewall of the hole in the second compact
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bone wall of the first bone; and anchoring hardware in the
tapped hole in the second compact bone wall of the first bone,
wherein the hardware is adapted to apply one or more of a
compressive force to a fracture in the first bone, or a com-
pressive force between the first bone and a dislocated second
bone.

[0006] Examplemethods may includethe use ofarticulated
bone drill apparatus disclosed herein. For example, methods
may include inserting an articulated bone drill apparatus in
the hole in the first compact bone wall; turning the articulated
bone drill apparatus to advance the articulated bone drill
apparatus through the non-linear path within cancellous bone
in the first bone to the second compact bone wall of the first
bone; turning the articulated bone drill apparatus to drill the
hole in the second compact bone wall of the first bone; and/or
removing the articulated bone drill apparatus from the first
bone.

[0007] The foregoing summary is illustrative only and is
not intended to be in any way limiting. In addition to the
illustrative aspects, embodiments, and features described
above, further aspects, embodiments, and features will
become apparent by reference to the drawings and the fol-
lowing detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The foregoing and other features of the present dis-
closure will become more fully apparent from the following
description and appended claims, taken in conjunction with
the accompanying drawings. Understanding that these draw-
ings depict only several embodiments in accordance with the
disclosure and are, therefore, not to be considered limiting of
its scope, the disclosure will be described with additional
specificity and detail through use of the accompanying draw-
ings, in which:

[0009] FIG. 1isa diagram illustrating an exploded view of
an example articulated bone tap apparatus;

[0010] FIG. 2is a diagram illustrating an exploded view of
an example articulated bone drill apparatus;

[0011] FIG. 3 is a diagram illustrating an example articu-
lated bone tap or drill apparatus disposed in a bone;

[0012] FIG. 4 is a diagram illustrating a cross sectional
view of an example rigid cylindrical tap section for a tap
sleeve;

[0013] FIG. 5is a diagram illustrating an example movable
bit;
[0014] FIG. 6is a diagram illustrating an example movable

bit adapted to drill, mill in directions substantially perpen-
dicular to a drill sleeve, and/or interchange with other bits;
[0015] FIG. 7isadiagram illustrating a perspective view of
an example split nut adapted for use as a steering nut; and
[0016] FIG. 8 is a flow diagram illustrating an example
method for treating a bone fracture or dislocation; all
arranged in accordance with at least some embodiments of
the present disclosure.

DETAILED DESCRIPTION

[0017] In the following detailed description, reference is
made to the accompanying drawings, which form a part
hereof. In the drawings, similar symbols typically identify
similar components, unless context dictates otherwise. The
illustrative embodiments described in the detailed descrip-
tion, drawings, and claims are not meant to be limiting. Other
embodiments may be utilized, and other changes may be
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made, without departing from the spirit or scope ofthe subject
matter presented here. It will be readily understood that the
aspects of the present disclosure, as generally described
herein, and illustrated in the Figures, may be arranged, sub-
stituted, combined, and designed in a wide variety of different
configurations, all of which are explicitly contemplated and
made part of this disclosure.

[0018] Thepresent disclosure is generally drawn, inter alia,
to technologies including methods, devices, and/or systems
relating to articulated bone drills and articulated bone taps. In
some examples, articulated bone drills and taps may comprise
bendable spines, movable bits, and flexible cylindrical tap or
drill sleeves. The movable bit may be engaged at a distal end
of the spine, and tensioning the spine and/or longitudinal
displacement of at least one spine section with respect to at
least one other spine section may be effective to steer the bit.
The flexible cylindrical sleeve may be adapted to at least
partially encase the spine, and the sleeve and the bit may be
mechanically engaged so that rotation of the sleeve around
the spine is effective to rotate the bit.

[0019] FIG. 1isa diagram illustrating an exploded view of
an example articulated bone tap apparatus, arranged in accor-
dance with at least some embodiments of the present disclo-
sure. Example articulated bone tap apparatus 100 comprises a
movable bit 110, a bendable spine 120, a flexible cylindrical
tap sleeve 130, and a steering nut 140. Generally speaking, a
tap is a tool for cutting threads. Embodiments of this disclo-
sure may include a specially adapted tap apparatus 100,
which is adapted for bone repair, and especially for repair of
curved bones such as the human pelvis and mandible. Articu-
lated bone tap apparatus 100 may comprise a plurality of
articulated sleeve sections 131A, 131B, 136A, 136B and 137
allowing apparatus 100 to assume a curved shape. Apparatus
100 may include movable bit 110 so that apparatus 100 can
progress through bone. Apparatus 100 may also have con-
trolled flexibility so that it can follow a path through a curved
flat bone such as the ilium or the pubic bone. All bones are
characterized by outer hard “compact” bone and softer inte-
rior “cancellous” bone (marrow). Embodiments of apparatus
100 may use this bony structure, in part, to guide apparatus
100 through cancellous bone from an entry point to a fracture
or a bone dislocation. There, the apparatus 100 may be
embedded into compact bone to stabilize the injury, option-
ally after closed reduction.

[0020] In FIG. 1, bit 110 is engaged at a distal end of the
spine 120, and spine 120 has a proximal end at steering nut
140 and a longitudinal axis 150 extending between the proxi-
mal and distal ends. A middle portion of spine 120 is not
illustrated in FIG. 1 to allow better visibility of sleeve 130.
Spine 120 comprises a head section 123 by which spine 120
is coupled to bit 110, and sections 121A and 121B extending
along the longitudinal axis 150 between the head section 123
at the distal end and the steering nut 140 at the proximal end.
Longitudinal displacement of a spine section, e.g., spine sec-
tion 121A, with respect to at least one other spine section,
e.g., spine section 121B, may be effective to steer the bit 110
by changing an angle 114 of the bit 110. In some embodi-
ments, spine sections 121A and 121B may “merge” or be
joined into a single, undivided head section 123 at a short
distance away from the bit 110 as shown, to allow for a single
coupling between spine 120 and bit 110, while still providing
for steering bit 110 by adjusting spine sections 121A and
121B. It will be appreciated that while two spine sections
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121A and 121B are illustrated in FIG. 1, additional spine
sections may be used in some embodiments.

[0021] Steering nut 140 may be effective to longitudinally
displace spine section 121A with respect to other spine sec-
tion 121B, and vice versa, to steer the bit 110. For example, in
one arrangement, shown in FIG. 1, steering nut 140 may
comprise a base 141 and pulls 142A and 142B. Spine section
121A may be displaced with respect to other spine section
121B by adjusting pull 142A as illustrated by adjustment
143A. Similarly, spine section 121B may be displaced with
respect to spine section 121A by adjusting pull 142B as
illustrated by adjustment 143B. In some embodiments, both
pulls 142A and 142B may be operated together to steer the bit
110. In some embodiments, steering nuts may be configured
in a “split nut” arrangement such as illustrated in F1G. 7.
[0022] Spines such as spine 120 comprising multiple sec-
tions 121A and 121B are an optional feature which need not
be included in all embodiments. In some embodiments, a
spine may comprise a single longitudinal section (not illus-
trated) that may be tensioned and relaxed to increase or
decrease the stiffness (bendability) of apparatus 100. The
bendability of apparatus 100 can vary with the tensioning/
relaxation of a spine because the axial force between adjacent
sections of the sleeve 130 can affect the overall stiffness of the
apparatus 100, as the joints between the sections of the sleeve
130 tend to align axially when forced together.

[0023] Furthermore, in some embodiments, a spine may
not be involved in steering the apparatus 100; instead, appa-
ratus 100 may be effectively guided by compact bone walls to
either side of apparatus 100, e.g., as illustrated in FIG. 3. An
apparatus 100 which is inserted into a bone at a certain point
and is oriented in a certain direction, e.g., as apparatus 300 is
inserted into the right side of bone 360 in FIG. 3, will tend to
progress toward a certain point, e.g., toward the left end of
bone 360 as illustrated in FIG. 3. However, the initial aim of
apparatus 100 may not be completely accurate and/or the
trajectory of apparatus 100 might be thrown off by random
effects or person-to-person variation. Therefore, some
embodiments may optionally include a steering mechanism.
The spine 120, as mentioned above, can be split down the
middle into sections 121 A and 121B. Also, the spine 120 may
optionally be tensioned to exert a compressive force on the
sleeve sections 131A, 131B, 136A,136B, and 137, to change
the stiffness of the apparatus 100. In some embodiments,
tension-based steering can be combined with a steering nut
140, which may be configured as illustrated in FIG. 1, or may
comprise for example a split nut as described in connection
with FIG. 7.

[0024] Tap sleeve 130 may be adapted to at least partially
encase spine 120. For example, spine 120 may extend through
a central bore 134 of tap sleeve 130. Tap sleeve 130 and bit
110 may be mechanically engaged so that rotation of tap
sleeve 130 around longitudinal axis 150 of spine 120 is effec-
tive to rotate bit 110. For example, in some embodiments,
cogs 133 ontap section 131A may engage cogs 113 onbit 110
to mechanically engage tap sleeve 130 and bit 110.

[0025] In some embodiments, as illustrated in FIG. 1, tap
sleeve 130 may be adapted to encase the spine 120 between
the bit 110 and a proximal sleeve section 137 at the proximal
end of the spine 120. Tap sleeve 130 may comprise a plurality
of rigid cylindrical sleeve sections, e.g., tap sections 131A,
131B and/or spacer sections 136 A, 136B, arranged end to end
along the spine 120. Adjoining sleeve sections 1314, 131B,
136A, 136B may be mechanically engaged by being rotation-
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ally interlocked, e.g. by engaging the cogs 133 on each sleeve
section, so that turning one sleeve section is effective to also
turn the other sleeve sections. The tap sleeve 130 and proxi-
mal sleeve section 137 may also be rotationally interlocked
by engaging cogs 133 on proximal sleeve section 137 with
cogs 133 on sleeve section 136. The tap sleeve 130 and bit 110
may be rotationally interlocked by engaging cogs 133 on tap
section 131A with cogs 113 on bit 110 as noted above. As a
result, rotation of the proximal sleeve section 137 around
longitudinal axis 150 of spine 120 may be effective to also
rotate the tap sleeve 130 and the bit 110.

[0026] Ingeneral, withreferenceto FIG. 1, articulated bone
tap apparatus 100 may comprise sleeve sections that are
jointed to allow the apparatus 100 as a whole to bend into a
curve. The sleeve sections may be jointed in such a way as to
prevent relative axial rotation and transverse displacement,
but to allow limited divergence from a straight line, whence,
the apparatus 100 as a whole can assume a curved shape. The
sleeve sections may for example be connected by universal
joints similar to the ones used at the ends of truck drive shafts;
may be joined by elastomer; or, the sleeve sections may
include cogs or gear teeth, as in the illustrated embodiment,
that mesh to prevent relative axial rotation and to prevent
adjacent sleeve sections from becoming eccentric, while still
allowing adjoining sleeve sections to have some angular dif-
ference between their respective axes. That is, the axes of
adjoining sleeve sections intersect but are not necessarily
parallel.

[0027] To control the bendability and/or curvature of the
apparatus 100, embodiments may include a bendable spine
such as spine 120, which may be made for example from
metal wires or rods. Spine 120 may run through the center of
the apparatus 100 in internal bores 134 of each sleeve section.
The spine 120 may vary in diameter, cross section, or temper
s0 as to have a bending stiffness that varies along the length of
the apparatus 100 according to a predetermined function of
distance from the proximal or distal end of spine 120, or the
spine 120 diameter, cross section, or temper may be constant
along the length of spine 120. The spine 120 may also have an
external thread and/or a composite structure comprising mul-
tiple longitudinal spine sections 121A, 121B for guiding the
apparatus 100, as described herein.

[0028] Insome embodiments, proximal sleeve section 137
may comprise a driver interface 138 adapted to couple with a
driver to apply torque to the sleeve 130. A driver coupling
with driver interface 138 may comprise, for example, a sur-
geon’s wrench or powered driver that engages driver interface
138. Turning proximal sleeve section 137 may be effective to
turn tap sleeve 130 and bit 110 as described above. Bit 110
may be rotatably attached to spine 120 so that the bit 110
rotates independently from the spine 120. FIG. 5 and FIG. 6
illustrate example movable bits that are adapted to rotate
independently from the spine 120.

[0029] Bit 110 may comprise one or more cutting teeth
111A, 111B which may have cutting edges disposed thereon.
Teeth 111A, 111B may be adapted to cut a hole into surround-
ing material as the bit 110 rotates, e.g., by shaving off a layer
of bone in contact with teeth 111A, 111B. Cutting teeth 111A
and 111B may be primarily adapted for forward cutting in the
axial direction. As described in connection with FIG. 6, bits
may additionally and/or instead comprise cutting edges (e.g.,
619 in FIG. 6) that are primarily adapted to cutting laterally,
e.g., for milling. Other shapes of bit 110, which are conven-
tional or which include a combination of conventional cutting
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teeth and other features, are within the scope of this disclo-
sure. The illustrated bit 110 is exemplary.

[0030] In some embodiments, cutting teeth 111A, 111B
may have cutting edges disposed thereon to promote cutting
into surrounding material when bit 110 rotates clockwise,
counterclockwise, and/or in either sense, clockwise or coun-
terclockwise. Alternatively, cutting teeth 111A,111B may be
adapted for drilling in a conventional right-handed or clock-
wise cutting direction of rotation, or in a left-handed or
counter-clockwise cutting direction of rotation. The bit 110
may have an interface adapted to couple with the distal end of
the spine 120, for example, as illustrated in FIG. 5 and FIG. 6.
[0031] Tap sections 131A, 131B may each comprise exter-
nal tap flutes 132 configured to cut a spiral groove into a
sidewall of a hole cut by the bit 110 as the sleeve 130 rotates.
In some embodiments, the height of the tap flutes 132 may
increase with distance from the bit 110. For example, the
height of the tap flute 132 on tap section 131 A may be shorter
than the height of the tap flute on tap section 131B, and the
heights of tap flutes on any additional tap sections may like-
wise increase above the height of the tap flute on tap section
131B. In some embodiments, tap flutes according to this
disclosure may be arranged to be similar in some respects to
the shape of flutes of conventional tap apparatus, and tap
flutes according to this disclosure may generally apply a
similar thread-cutting principle. However, unlike conven-
tional tap apparatus, tap flutes according to this disclosure
may be adapted on articulating sleeve sections. As a result, tap
flutes according to this disclosure may have “missing” axial
sections, and may have “missing” teeth as compared to con-
ventional tap arrangements. To accommodate the “missing”
sections, sequentially successive tap flutes may be separated
by a distance equal to a multiple of the thread pitch, or may
otherwise be aligned with a same spiral thread pitch line as
other tap flutes.

[0032] Tap sections 131A, 131B as well as spacer sections
136A, 136B and proximal sleeve section 137 may comprise
internal bores 134 configured to house spine 120. Adjoining
sleeve sections 131A, 131B, 136A, 136B, and 137 may also
be angularly adjustable to permit at least some degree of
angular displacement between adjoining sleeve sections.
Steering the bit 110 may result in a nonlinear or curved hole,
and angular displacement between adjoining sleeve sections
may allow bending of the sleeve 120 to accommodate curva-
ture of the hole. In some embodiments, adjoining sleeve sec-
tions 131A, 131B, 136A, 136B, and 137 may be angularly
adjustable by an appropriate shape of cogs 133, e.g., by using
tapered cogs, as described with reference to FIG. 4.

[0033] Embodiments may include any of a variety of fea-
tures adapted to flush material from holes in which articulated
bone tap apparatus 100 is inserted. In some embodiments, bit
110 may comprise a sidewall hole 112 and spine 120 may
include an internal conduit 122. Bit 110 may include an
internal channel linking internal conduit 122 to sidewall hole
112. Saline solution or other sterile liquid pumped through
internal conduit 122, e.g., from a section of internal conduit
122 extending through the steering nut 140, as shown, and the
solution may exit bit 110 through sidewall hole 112 to flush
any loose material surrounding cutting teeth 111A, 111B.
[0034] Embodiments may furthermore be adapted to trans-
mit fluids and material, such as saline solution pumped
through sidewall hole 112 along with bone shavings, from the
distal to the proximal end of the articulated bone tap apparatus
100. In some embodiments, the internal bores 134 of the
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sleeve sections 131A, 131B, 136A, 136B, and 137 may be of
larger diameter than the spine 120, thereby providing an
internal fluid conducting gap between the tap sleeve 120 and
the spine 120. In some embodiments, the internal bores 134 of
the sleeve sections 131A, 131B, 136A, 136B, and 137 may
comprise longitudinal grooves, e.g., as illustrated in FIG. 4,
thereby providing one or more internal fluid conducting
grooves in the interior of the tap sleeve 120. External grooves
on the outer surfaces of the sleeve sections 131A, 131B,
136A, 136B, and 137 may be provided in addition to or in
place of longitudinal grooves. Such external grooves may
function to draw material from the distal to the proximal end
of the articulated bone tap apparatus 100 in a similar way as
the helical grooves of a drill bit. Furthermore, in some
embodiments, cogs 133 may be of different lengths to pro-
duce gaps between adjoining sleeve sections, allowing fluids
and material to enter into the sleeve 120 and to be conducted
back to the proximal end of the articulated bone tap apparatus
100.

[0035] In an example embodiment according to FIG. 1, a
sequence of sleeve sections 131A, 131B, 136A, 136B, and
137 may be fitted over the spine 120. Each sleeve section may
have at either end cogs 133 that intermesh, like gear teeth,
with the cogs 133 of adjacent sleeve sections. Each ofthe cogs
133 may optionally be slightly tapered to allow angular devia-
tion of the axes of adjacent sleeve sections when the sleeve
sections are not tightly pressed together, but the tapered cogs
133 may tend to force the sleeve sections 131A, 131B, 136 A,
136B, and 137 into axial alignment when the sleeve sections
are compressed together. This can allow the surgeon to con-
trol the nonlinear trajectory of apparatus 100.

[0036] Each sleeve section 131A, 131B, 136A, 136B, and
137 may have a central axial bore 134, through which the
spine 120 fits. Between the bore 134 and the spine 120 may be
enough space to allow saline solution ejected from the side-
wall holes 112 to pass along the tapped hole in the outward
direction toward the incision, carrying bone chips with it. The
space may be provided by a difference of diameter and/or by
internal longitudinal grooves in the bore 134 (not shown in
FIG. 1). Also, the cogs 133 at one end of each section may be
longer than those at the other end, creating radial gaps to
allow saline and/or bone chip fragments to pass radially
inward to the bore 134, whence they can be washed away.

[0037] In some embodiments, the outer diameter of the
main body of sleeve sections 131A, 131B, 136A, 136B, and
137 may be equal in diameter to the hole drilled by the bit 110.
To provide threads in the bone which allow embodiments to
grip the bone firmly, tap sections 1314, 131B may comprise
tap flutes 132. Tap sections 131A, 131B, and/or further tap
sections may be arranged in a sequence of graded radial
heights of the tap flutes 132, and that the flutes of any one
section may also be graded in radial height. The tap flutes 132
may thus gradually increase in diameter with axial distance
from the tip of bit 110, and also with rotational angle about the
axis 150, so that the peaks (i.e., the radially outermost sur-
face) of the tap flutes 132 follow a conical helix. The grada-
tion of tap flutes” 132 heights means that each tap flute may
cut anadditional thin shaving, beyond that cut by previous tap
flute 132. In some embodiments, tap flutes according to this
disclosure may be partly similar in shape, function, and use to
flutes of conventional tap apparatus, but may be deployed
differently to accommodate articulation of apparatus 100. In
general, designs for tap flutes according to this disclosure
may be obtained by cutting a conventional tap design into
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segments, and then further modifying those segments to
resemble the sections of the sleeve 130, as illustrated.
[0038] At a certain axial distance from the bit 110, the
threads will be complete, and at this point the tap flutes 132
can be replaced with sections having a solid male thread, or,
with sections having no flutes, such as spacer sections 136 A
and 136B. At the far proximal end, the proximal sleeve sec-
tion 137 can be shaped for turning with a surgeon’s wrench or
an automatic driver, for example by including wrench flats
(driver interface) 138. Due to the cogs 133, torque applied at
the proximal end will be transmitted to the more-proximal
sections and finally to the bit 110.

[0039] The structure described above allows the tapping of
a threaded hole from any point on the surface of a bone to any
of various other points on the surface of the bone, by rotating
the sleeve sections 131A,131B, 136A, 1368, and 137 and bit
110, e.g., rotating alternately clockwise and counterclock-
wise, and using irrigation and/or suction to remove chips
generated by the cutting. The threaded hole so produced in a
bone allows for compression of a facture or dislocation as
described herein.

[0040] FIG. 2 is a diagram illustrating an exploded view of
an example articulated bone drill apparatus, arranged in
accordance with at least some embodiments of the present
disclosure. Example articulated bone drill apparatus 200
comprises a movable bit 210, a bendable spine 220, a flexible
cylindrical drill sleeve 230, and a steering nut 240. Movable
bit 210 comprises cutting teeth 211A, 211B, a sidewall hole
212, and cogs 213. Movable bit 2101s steerable by tensioning
spine 220 and/or displacing spine sections 221A and 221B to
adjustangle 214, as described with reference to FIG. 1. Spine
220 comprises head section 223, spine sections 221A and
221B, and internal conduit 222, having longitudinal axis 250.
Drill sleeve 230 comprises rigid cylindrical drill sleeve sec-
tions 231A, 231B, 231C, 231D, and 237. Sleeve sections
231A,231B, 231C, 231D, and 237 each have an internal bore
234 and cogs 233, Proximal sleeve section 237 has a driver
interface 238. Steering nut 240 comprises base 241 and pulls
242A and 242B, which may be adjusted by adjustments 243 A
and 243B to displace spine section 221A with respect to spine
section 221B.

[0041] Articulated bone drill apparatus 200 may contain
various features generally described above in connection with
articulated bone tap apparatus 100, and may generally be
operable in similar fashion. Articulated bone drill apparatus
200 does not include tap sections having tap flutes. As a result,
articulated bone drill apparatus 200 may produce a smooth-
walled hole, not having a spiral groove in a sidewall thereof,
such as produced by articulated bone tap apparatus 100.
Articulated bone drill apparatus 200 may be used indepen-
dently from articulated bone tap apparatus 100, or in some
processes, articulated bone drill apparatus 200 may be used
before or after using articulated bone tap apparatus 100 as
described herein.

[0042] The various components of tap apparatus 100 and
drill apparatus 200 may be made from any appropriate mate-
rials, whether now available or as may be developed. In gen-
eral, appropriate materials for bits 110 and 210 and sleeve
sections 131A, 131B, 136A, 136B, 137, 231A, 231B, 231C,
231D, and 237 may include conventional materials. such as
stainless steel, titanium, or other metals, which are bio-com-
patible and are also strong and/or hard enough to act as a
cutting tool and/or fastener. In general, the materials already
in use for surgical cutting tools such as drills; surgical fasten-
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ers; and surgical cutting/fastening devices such as bone
screws, will be suitable for embodiments of this disclosure.
Non-metallic materials, e.g., ceramic coatings, engineering
plastics, and the like, may be used in some embodiments as
appropriate, so long as they are of sufficient strength and
hardness or can be combined with other materials so as to cut
into bone. Spines 120 and 220 may be made of the same
materials, so long as they are elastic; biocompatible spring
steel would be suitable in some embodiments. Also, materials
may differ depending on whether an embodiment is designed
to be left in the body.

[0043] FIG. 3 is a diagram illustrating an example articu-
lated bone tap or drill apparatus disposed in a bone, arranged
in accordance with at least some embodiments of the present
disclosure. Articulated bone tap or drill apparatus 300 may be
configured according to FIG. 1 or FIG. 2. Apparatus 300 may
comprise, inter alia, a bit 310, a flexible cylindrical sleeve 330
encasing a bendable spine, and a steering nut 340. A wrench
350 may be coupled with a proximal sleeve section, forusein
applying a torque and/or turning the sleeve 330 and bit 310.
An internal conduit 322 may extend from the proximal end of
the apparatus 300 to the bit 310 at the distal end of the
apparatus 300, and internal conduit 322 may optionally be
coupled with a fluid pump (not shown) at the proximal end of
the apparatus 300. Apparatus 300 is illustrated inside a first
bone 360, wherein apparatus 300 enters first bone 360
through skin 320. First bone 360 comprises a bone fracture
363, a compact bone wall 361, and cancellous bone 362. A
dislocated second bone 365 includes acompact bone wall 366
and cancellous bone 367.

[0044] In some embodiments, bone 360 may for example
comprise a human hip bone, and a surgical access site where
bone 360 meets skin 320 may comprise the ridge of the hip
bone, which lies near the skin 320 surface and is generally
easily accessible in patients, including the obese. This site is
not close to important organs, and drilling there may cause
minimal damage and minimal infection risk, because only a
small incision in the skin 320 may be needed. Because the
apparatus 300 traverses the inside of bone 360, there may be
minimal danger of damage to nerves, blood vessels, or inter-
nal organs. In the case of fractures such as 363, the apparatus
300 may remain inside the bone 360 or protrude slightly; in
the case of dislocations, apparatus 300 may traverse intet-
bone spaces, e.g., between bones 360 and 365, which nor-
mally (without a dislocation) do not exist, and in which no
organs are generally present, unless an accident has pushed
organs into the gap, in which case an auxiliary incision over
the gap between bones 360 and 365 can be made for addi-
tional access as necessary.

[0045] Apparatus 300 may be able to exert appreciable
force to reduce and/or stabilize fractures such as 363 and
dislocations, such as a dislocation of bones 360 and 365,
either by exerting tension on the spine (e.g., spine 120 or 220)
inside apparatus 300, or by removing the apparatus 300 and
inserting threaded hardware, such as articulated screws or
bolts, all of which can be inserted from a same incision in skin
320 that was used to insert the apparatus 300. Apparatus 300
may be able to exert such forces without necessarily applying
mechanical devices at, and without necessarily requiring inci-
sion, at the point of the injury such as at fracture 363 or at the
location of the dislocation of bones 360 and 365.

[0046] An example method of use of apparatus 300 will be
discussed below, and methods employing apparatus 300 are
further described in connection with FIG. 8. In an example
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use of apparatus 300, an entry point in skin 320 may be along
the anterior superior iliac spine, the bony ridge of the hip
bone, which is easily accessible because it is near the skin
320. Numerous tendons and ligaments attach along the ridge,
but they exert forces lateral to the ridge, and therefore they
extend away and are thinning or even absent at the crest of the
ridge. This ridge extends along the hip and remains near skin
320 over a distance of many inches, from the groin to the
back. Because it lies near the body’s surface, because it is
easily uncovered, and because it can be accessed without
danger to any organs, the iliac spine is an ideal point for
surgical entry.

[0047] Insome examples, a surgeon may uncover the iliac
spine at a chosen point in skin 320 and may then drill a hole
into the interior of the hip bone 360, deep enough to reach the
soft inner cancellous bone 362. The drilling direction may be
parallel to a plane that is tangent to the interior bowl-shaped
surface of the hip bone 360, although the drilling direction
might be perpendicular to the surface of the iliac ridge at the
entry point, that is, it might be perpendicular to a line tangent
to the iliac ridge. This initial drilling operation may be done
with an ordinary straight bone drill, or optionally with a
drilling apparatus such as apparatus 200. The drilled hole may
optionally be of wider diameter than the outer edges of the
widest tap flutes 132, to allow easy insertion of apparatus 100.
Appropriate selection of a drilling direction may insure that
the bit 310, when inserted into the drilled hole, enters the
inner cancellous bone 362 and the trajectory of apparatus 300
lies between the two layers of compact bone 361. A tangent
plane may be selected to point apparatus 300 in the direction
of the fracture 363 or dislocation to be mended.

[0048] If the surgeon continued drilling in the initial entry
direction with an ordinary straight bit, the bit would emerge
from the posterior surface of the hip bone 360, which is bowl
shaped. In embodiments using apparatus 300, the surgeon
may stop drilling once the inner cancellous bone 362 is
reached and may then insert the apparatus 300 into the drilled
hole. The surgeon may then begin drilling or tapping by
rotating the apparatus 300 alternately in both senses of direc-
tion but, in the application of tap apparatus 100, turning more
in the forward direction.

[0049] The apparatus 300 may be adapted to traverse the
softer cancellous bone 362 between the harder outer layers of
compact bone 361, burrowing like a worm between two
plates, to a chosen point. The apparatus 300 may follow the
inner surface of the compact bone 361 because the compact
bone 361, being hard, will deflect the apparatus 300 into the
softer cancellous bone 362. The apparatus 300, following the
path of least resistance, will burrow through the bone 360
from the right to the left side illustrated in FIG. 3.

[0050] Thus, if started in the right direction by the prelimi-
nary drilled hole, the apparatus 300 may travel to a point that
is tolerably near to a desired exit point from bone 360, even if
that exit point is some distance away from the entry point, and
even without active guidance of the bit 310. Active guidance
of the non-linear path can be provided, e.g., by manipulating
a two- or three-part spine, the sections of which may be
relatively compressed or stretched to affect the spine’s cur-
vature and thereby steer the bit 310.

[0051] Once the apparatus 300 reaches a second compact
bone wall at the left side of bone 360, for example where bone
360 meets the pubic symphysis or the sacroiliac joint, appa-
ratus 300 may be surrounded by compact bone on three sides,
instead of two. Due to its limited flexibility, apparatus 300
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may not be deflected from the second compact bone wall, but
may cut into the second compact bone wall, and may option-
ally emerge from bone 360 on the left side thereof as illus-
trated in FI1G. 3. The apparatus 300 may then enter dislocated
bone 365, e.g., apparatus 300 may bridge the pubic symphy-
sis, or may exit the ilium and begin to burrow into the sacrum.
[0052] If a dislocated joint has been rearranged to its cor-
rect juxtaposition by closed reduction, that is, by manipula-
tion, through unbroken skin, that temporarily corrects a dis-
location, then the bit 310 and the sleeve sections may continue
across the gap between bones 360 and 365 and may drill
and/or tap into the dislocated bone 365. After apparatus 300
penetrates deeply enough into the dislocated bone 365, the
two bones 360 and 365 can be locked together by the appa-
ratus 300, especially when apparatus is a tap apparatus 100, as
the tap flutes 132 will firmly grip the bones 360 and 365.
Apparatus 300 can be fixed in compression by exerting ten-
sion on the spine, for example by turning a split nut or a
conventional nut on a protruding threaded portion of the spine
120 or 220, so that the sleeve sections act much as a screw
would, and hold the two bones 360 and 365 together.

[0053] The joint between the hip bone and the sacroiliac is
a lap joint. Some embodiments may be adapted for use in
connection with lap joints, to avoid the possibility of appara-
tus 300 emerging from bone 360 into soft tissue, rather than
into bone 365, such as the sacrum. To treat the lap joint at the
sacroiliac, as well as other lap joints, embodiments may be
adapted to cut into compact bone 361 on either side of the
cancellous bone 362 at the discretion of the surgeon, e.g.,
before reaching the far left side of bone 360 in FIG. 3, which
1s a place where apparatus 300 1s effectively forced to cut into
compact bone 361 by the pelvic-bone geometry. Embodi-
ments may be adapted for use in connection with dislocated
lap joints by, inter alia, employing a bit which is adapted to
drill in directions substantially perpendicular to the drill
sleeve, e.g., as illustrated forexample by bit 610 in FIG. 6, and
a two-stage operation of drilling followed by tapping, or
“pre-drilling” as described for example in connection with
FIG. 8. This two-stage operation (for example, using the
device of FIG. 2 followed by using the device of FIG. 1) may
also be used when there is no milling or lateral drilling in
directions substantially perpendicular to the drill sleeve.
[0054] Using a drill apparatus 200 as the apparatus 300 in
FIG. 3, with a lateral drilling bit or milling cutter, or a com-
bination bitsuch as 610 as iltustrated in FIG. 6 which includes
lateral cutting edges 619 on its cylindrical base portion, and
may be adapted for both forward and lateral cutting, allows
the surgeon to drill laterally into compact bone 361 at any
desired location, such that the bit 610 can exit the bone 360 at
any chosen location. The absence of tap flutes 132 allows drill
apparatus 200 to engage compact bone 361 without continu-
ally progressing forward.

[0055] When pre-drilling into compact bone 361 with an
apparatus 200 equipped with a lateral drilling bit 610, the
surgeon may guide the bit 610 through the pelvic bone (for
example, starting at the most anterior point of the iliac) to a
point near the sacrum, where the bit 610 can be made to exit
the pelvic bone, e.g., bone 360, on a side adjacent to the
sacrum. In this way, the trajectory of apparatus 200 can be
made to aim right for the sacrum (or the point where the
sacrum should be, if the joint is separated). Then, the drilled
hole can be continued into the sacrum (bone 365 in FIG. 3) at
a desired location and afterwards, the drill apparatus 200 can
be withdrawn and the tap apparatus 100 may be used to thread
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drilled holes in the bones 360 and 365. Once the holes in the
twobones 360 and 365 are threaded, the tap apparatus 100 can
be withdrawn and a screw or other hardware may be used to
join bones 360 and 365 together. The screw may be short
and/or articulated to allow for travel through bone 360 and
engagement of the tapped threads.

[0056] The tap apparatus 100 can be left in position for any
amount of time, or may be removed and replaced with an
articulated screw having a same thread as that cut by the tap
apparatus 100. There are several reasons why this might be
done: (1) the sharp edges of the tap flutes 132 and bit 110
might cause pain, before being thoroughly grown over with
bone; (2) the tap apparatus 100 can be re-used after thorough
sterilization; and (3) the screw may be stronger than the tap
apparatus 100. If the tap apparatus 100 is to be left in place for
a matter of days, it might be rotated slightly at intervals to
prevent bone growth from later preventing easy withdrawal.
[0057] In curved tapped holes produced by tap apparatus
100, the spiral thread groove may have different pitch on the
inside and the outside of the curve. However, each tap section
131A and 131B may be sufficiently short in length to mini-
mize interference over the axial length of each tap section
131A and 131B. Any screw which takes the place of the tap
apparatus 100 may also to be articulated for this reason; a very
long rigid screw section may jam or damage the spiral thread
groove cut by the tap apparatus 100, unless the tapped hole
through the bone 360 happens to be straight.

[0058] When treating individual broken bones, tap appara-
tus 100 may be deployed to exert a compressive force across
a fracture 363. For example, if the ischium is fractured, tap
apparatus 100 can bridge across the fracture 363 and press the
two sides of the fracture 363 together. In some embodiments,
tap apparatus 100 may be removed from bone 360, and a
screw can be inserted through the hole from the iliac ridge and
threaded into the hole on the far side of the fracture 363, e.g.
atatapped hole onthe left side of bone 360, and another screw
can be threaded to the iliac ridge at the right side of bone 360;
then these two screws can be connected by a tensile member
to exert a compressive force on the facture 363, stabilizing the
facture 363. Also, in some embodiments, “self-tapping”
sleeve sections or bone screws might be used for firm seating
in the second compact bone wall.

[0059] Inanother example, a break in the front portion of a
jaw bone may be treated through an incision made behind the
jaw; or, a fracture of the femur might be put into traction by
drilling into the trochanter major (upper end of the thighbone)
and then tapping into the portion of the femur beyond the
break. A bone repair in which no curvature of apparatus 100
is needed, such as certain types of femur repair, may be
performed with drills and taps which are not articulated, as
well as with the articulated tools illustrated. As mentioned
above, in some embodiments the flexibility of apparatus 100
can be decreased by tensioning the spine, and this may allow
embodiments of this disclosure to be used in the manner of
non-articulated straight taps. Embodiments may include
methods of exerting traction on a broken bone by tapping into
one portion and exerting force on the other portion, using
threaded elements such as a threaded rod screwed into the
distal bone and a nut screwed onto the outside surface of the
proximal bone. In a long bone such as the femur, embodi-
ments may have the advantage that the greater length of
thread engagement provides greater holding power, so that
the apparatus can be of smaller diameter and therefore less
invasive, as compared to conventional surgery.
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[0060] When treating dislocated joints, in some embodi-
ments, joints may be gradually brought together by turning
tap apparatus 100, or by turning an articulated screw inserted
after removal of tap apparatus 100. For example, tap appara-
tus 100 may be withdrawn from the dislocated second bone
365, and then re-engaged with threads tapped in the dislo-
cated second bone 365, but one thread closer than previously,
drawing bones 360 and 365 together. Also, two bones of a
dislocated joint can be pulled together by tapping into the
bone which is more distal from the incision (such as bone 365
in FIG. 3), threading a screw into the more distal bone, and
then exerting a force pulling the two bones together, by pull-
ing on a flexible element attached to the screw, from the point
of incision. Such methods do not require tapping the more
proximal bone (such as 360 in FIG. 3) and can be done by first
drilling, using apparatus 200 illustrated in FIG. 2, followed by
tapping using the apparatus 100 as in FIG. 1, and finally
drilling the first bone to a larger diameter using a drill of larger
diameter (or, by drilling the first bone to the larger diameter
first, and finally tapping the second bone). Such methods may
allow an articulated screw, having a major diameter corre-
sponding to the larger diameter mentioned above, to be easily
inserted up to the second bone and then rotated to tighten the
screw.

[0061] Embodiments may be used to drill or tap holes and/
or insert stabilizing threaded screws or other hardware almost
anywhere in the pelvic ring and also to exert stabilizing or
corrective forces between bones or within a bone, while
avoiding large incisions and interference with vital organs.
For most places in the pelvic ring, there is a relatively straight
trajectory to that place from the iliac ridge. For example, in
some embodiments an apparatus 300 may run from the very
front of the iliac ridge straight back to the sacroiliac joint, or
from above the hip joint down to the pubic symphysis or the
ischium.

[0062] FIG. 4 is a diagram illustrating a cross sectional
view of an example rigid cylindrical tap section for a tap
sleeve, arranged in accordance with at least some embodi-
ments of the present disclosure. An example tap section 400
may include a cylindrical section body 401 which defines an
internal bore 434. Internal bore 434 may comprise one or
more longitudinal grooves such as longitudinal groove 435.
Cogs 433 A and 433B may extend from the ends of the cylin-
drical section body 401. Other sleeve sections such as spacer
sections 136A, 136B, proximal sleeve section 137, and cor-
responding drill sleeve sections such as 231A, 231B, 231C,
231D, and 237 may similarly comprise a body 401, bore 434,
grooves 435, and cogs 433A, 433B. Tap section 400 may
furthermore comprise an external tap flute 432 extending
from an external sidewall of the cylindrical section body 401.
[0063] Cogs 433A and 433B may have lengths [; and L,,
respectively. L, and L, may optionally be different to allow
for spaces between sleeve sections, as described herein. Also,
cogs 433A and 433B may meet cylindrical section body 401
at angles 0, and 0,, respectively. In some embodiments, 0,
and 6, may be greater than 90 degrees to provide a tapered
shape to cogs 433A and 433B, as described herein.

[0064] FIG.5is a diagram illustrating an example movable
bit, arranged in accordance with at least some embodiments
of the present disclosure. Bits according to FIG. 5 may be
used in place ofbit 110 in FIG. 1, bit 210 in FIG. 2, and/or bit
310 in FIG. 3 in some embodiments. An example moveable
bit 510 may include a bit tip 511 and a bit base 512. Bit base
512 may be adapted to couple with a bendable spine 520
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effective to allow steering the bit tip 511 to a desired angle
514. For example, bit base 512 may include a cavity 513
adapted to receive ananchor 523, fitting in the cavity 513 with
sufficiently small clearance that the bit 510 can rotate relative
to the spine 520 but remains substantially axially aligned with
the spine 520 during such rotation. Anchor 523 may be
coupled with spine sections 521A, 521B. Spine sections
521A, 521B may be displaced by adjustment forces 543A,
543B to adjust an angle of anchor 523, and thereby adjust
angle 514.

[0065] In some embodiments, cavity 513 may be adapted
with a shape and size substantially similar to that of anchor
523, or slightly larger than anchor 523. When a sleeve that is
mechanically engaged with bit 510 rotates, cavity 513 may
rotate around anchor 523. In some embodiments, ball bear-
ings may be included in cavity 513 between anchor 523 and
the walls of cavity to facilitate rotation of bit 510. When an
angle of anchor 523 is adjusted by adjustments 543A and
543B, anchor 523 may apply pressure on diagonally opposite
top and bottom walls of cavity 513 to adjust angle 514.
[0066] FIG. 6is a diagram illustrating an example movable
bit, arranged in accordance with at least some embodiments
of the present disclosure. Bits according to FIG. 6 may be
used in place of bit 110 in FIG. 1, bit 210 in FIG. 2, and/or bit
310 in FIG. 3 in some embodiments. An example moveable
bit 610 may include a bittip 611 and abit base 615. Bit tip 611
may include a sidewall hole 612 and cutting teeth, similar to
the bit tips illustrated in FIG. 1 and FIG. 2, respectively. Bit
base 615 may comprise cogs 613 similarto cogs 113 and 213,
acutting edge 619 adapted to mill laterally or otherwise cut in
directions substantially perpendicular to a sleeve, spine, or bit
610, and an interface such as cylindrical cavity 616 adapted to
couple with a bendable spine head section 623.

[0067] In some embodiments, bits including cutting edge
619 may draw from features adapted for milling machines,
routers, and other apparatus known in the art or as may be
developed. Bit 610 comprises a combination of a forward-
cutting drill bit tip 611 and a side-cutting router or milling
machine bit with cutting edge 619. Alternative embodiments
may provide a purely forward-drilling bit, e.g., a bit 610
without cutting edge 619, or a purely milling cutter, e.g., a bit
610 without bit tip 611.

[0068] An interface such as cylindrical cavity 616 may be
adapted to couple with a bendable spine head section 623, e.g.
by being of a diameter equal to or slightly larger than the
diameter of head section 623. In the illustrated example
embodiment, cylindrical cavity 616 furthermore includes a
pin hole 617 adapted for inserting a pin 618 through the bit
base 615 into cylindrical cavity 616. Pin 618 may axially
secure head section 623 within cylindrical cavity 616 of the
bit 610, while also allowing rotation of head section 623 (and
therefore of the spine) with respect to bit 610. For example,
pin 618 may enter cavity 616 along a cavity sidewall, at a
location within cavity 616 matching a location of an annular
groove 624 in head section 623. Pin 618 may be removed to
allow insertion (or removal) ofhead section 623 in cavity 616
and pin 618 may be inserted to axially secure head section 623
within bit 610. Those of skill in the art will appreciate that
other means for securing a spine within a bit, while simulta-
neously allowing rotation of the bit with respect to the spine,
may be appropriate for some embodiments.

[0069] Embodiments according to FIG. 6 allow for inter-
changing different bits for use with an apparatus 100 or 200.
For example, a bit 610 such as illustrated in FIG. 6 may be
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removed by removing pin 618, and bit 610 may be replaced
by a purely forward drilling, or purely milling or side-cutting
type bit. Furthermore, similar to the arrangement illustrated
in FIG. 5, bit base 615 may be adapted to couple with the
bendable spine head section 623 effective to allow steering
the bit 610 to a desired angle 614. For example, spine sections
621A, 621B may be displaced by adjustment forces 643A,
643B to adjust an angle of head section 623, and thereby
adjust angle 614.

[0070] FIG. 5 and FIG. 6 illustrate example bits in accor-
dance with some embodiments of this disclosure. Those of
skill with drill apparatus will appreciate that the example
embodiments may be modified or other arrangements may be
substituted. In the case of bits adapted for lateral drilling or
milling as illustrated in FIG. 6, embodiments may draw from
features adapted for milling machines, routers, and other
apparatus known in the art or as may be developed.

[0071] FIG.7isadiagram illustrating a perspective view of
one half of an example split nut adapted for use as a steering
nut, arranged in accordance with at least some embodiments
of the present disclosure. The example split nut 700 may
comprise two or more sections suchas 701, where, in embodi-
ments comprising two half-sections, a second half section
(not shown) may fit over the illustrated first half section 701.
Split nut 700 may be split across a plane in which lies the axis
of the spine 720 or of an apparatus such axis 150 or 250, so
that each section of split nut 700 engages one of the spine
sections 121A, 121B, which are, in this embodiment, exter-
nally threaded in the regions where the split nut 700 engages
them. The sections such as 701 of the split nut 700 may be
radially coupled but may be relatively movable in the axial
direction by any suitable coupling mechanism. The split nut
700 may also be able to rotate as a whole about its common
axis with the spine 720, or, split nut 700 may include a
mechanism for turning the spine 720 when the split nut 700 is
rotated.

[0072] When the split nut 700 is rotated to a position where
each half (or other fraction) such as 701 covers a respective
section 721A or 721B of the spine 720, then the apparatus
incorporating split nut 700 can be steered by exerting a force
on each axially movable half 701 of the nut 700, which may
exert a push or pull on its respective spine section 721A or
721B by means of internal threads mating with the threads of
the spine sections 721A or 721B. A difference in axial force
applied to the spine sections 721 A or 721B at the splitnut 700,
e.g., using means such as pulls or levers coupled with each
section 701 of the split nut 700, may be communicated
through the spine 720 to the bit, e.g., bit 110, creating a lateral
force and also a torque tending to turn bit 110 to a desired
angle 114. The torques and the lateral force at the bit 110 arise
because the spine 720 is confined within the sections of the
sleeve, e.g., sleeve 130, as described herein, so that the spine
sections 721A, 721B slide over each other rather than sepa-
rate from one another. At the same time that it tends to bend
the spine 720, the split nut 700 can also exert an overall
tensioning force on the spine 720, so as to change the flex-
ibility of the apparatus as mentioned herein, by rotating the
split nut 700, even while the tensioning or steering force is
present, if the offset threads of the two halves such as 701 of
the split nut 700 are aligned such that together they present a
continuous internal thread. The split nut 700 may thus have
more function than the pull-type steering nut embodiment
illustrated in FIG. 1. In general, any mechanism that creates a
difference in tension/compression or axial force between the
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two (or more) spine sections 721A, 721B can act to steer the
bit 110, and thereby allow lateral cutting of bone, in some
embodiments. Any mechanism that changes the total tension
in the spine 720 can also be used.

[0073] FIG. 8 is a flow diagram illustrating example meth-
ods for treating a bone fracture and/or dislocation, arranged in
accordance with at least some embodiments of the present
disclosure. The example flow diagram may include one or
more operations as illustrated by blocks 801-808, §12-816,
821-823, and 831-832. FIG. 8 includes blocks that are illus-
trated as being performed sequentially. It will be appreciated
however that these blocks may be re-arranged as convenient
to suit particular embodiments and that these blocks or por-
tions thereof may be performed concurrently in some
embodiments. It will also be appreciated that in some
examples various blocks may be eliminated, divided into
additional blocks, and/or combined with other blocks.
[0074] FIG. 8 illustrates example methods for treating a
bone fracture and/or dislocation. In general, blocks 801-808
may optionally be combined with blocks 812-816 to treat
bone fractures. Blocks 801-808, optionally combined with
blocks 812-816, may be further combined with blocks 821-
823 and/or blocks 831-832 to treat dislocations. Methods
according to FIG. 8 may generally be understood by reference
FIG. 3, which illustrates an example fracture 363 and dislo-
cated bones 360 and 365.

[0075] Ata“Drill Hole In First Compact Bone Wall Of First
Bone” block 801, apparatus 300, or a standard bone drill
apparatus, may be used to drill a hole in a first compact bone
wall of a first bone 360. For example, apparatus 300 may be
used to drill a hole in the portion of compact bone wall 361 at
the far right side of FIG. 3. This portion of compact bone wall
361 is considered herein to comprise a “first compact bone
wall” because it is situated at a first side of bone 360. Block
801 may be followed by block 812 when appropriate to
employ pre-drilling operations, or block 801 may be followed
by block 802 when no pre-drilling is necessary.

[0076] At an “Insert Articulated Bone Drill Apparatus™
block 812, an articulated bone drill apparatus 200 such as
illustrated in F1G. 2 may be initially used as apparatus 300 in
FIG. 3. The articulated bone drill apparatus 200 may be
inserted in the hole in the first compact bone wall formed at
block 801. Block 812 may be followed by block 813.

[0077] At a “Turn Drill Apparatus To Advance Through
Cancellous Bone” block 813, the articulated bone drill appa-
ratus 200 inserted at block 812 may be turned using driver 350
to advance apparatus 200 through a non-linear path within
cancellous bone 362 in the first bone 360 to a second compact
bone wall of the first bone 360. An example non-linear path is
illustrated in FIG. 3, wherein the apparatus travels through
bone 360 in a path that is not a straight line. Apparatus 200
may be used to drill a hole in the non-linear path within
cancellous bone 362 to the portion of compact bone wall 361
at the left side of bone 360 in FIG. 3. This left-side portion of
compact bone wall 361 is considered herein to comprise a
“second compact bone wall” because it is situated at a side of
bone 360 other than the side associated with the first compact
bone wall at the far right side of bone 360. Block 813 may be
followed by block 814.

[0078] At a “Steer/Locate/Flush” block 814, any of a vari-
ety of operations may be performed, either continuously or
intermittently, as apparatus 200 is advanced through bone
pursuant to block 813. An arrow from block 814 to block 813
indicates that blocks 813 and 814 may be performed in a
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continuous loop, with as many cycles as necessary, as may be
appropriate to advance apparatus 200. Block 814 may com-
prise one or more of a steering operation, a locating operation,
or a flush operation. In an example steering operation, the
articulated bone drill apparatus 200 may be steered by adjust-
ing longitudinal displacement of spine sections within the
apparatus 200 to direct the non-linear path of the apparatus
200 as the apparatus 200 advances within the cancellous bone
362 within bone 360. In an example locating operation, a
location of the apparatus 200 within bone 360 may be estab-
lished using one or more of an ultrasound, X-Ray, or nuclear
medicine imaging technique. In an example flushing opera-
tion, the apparatus 200 may be flushed, e.g., by injecting fluid
at internal conduit 322.

[0079] In an example locating operation using an ultra-
sound imaging technique, ultrasound produced by an ultra-
sonic transducer may be directed through the internal conduit
222 of the spine 220 and/or through the bore 234 of the sleeve
sections, which ultrasound may escape through the sidewall
holes 212, or through other portions of apparatus 200 and
radiate out through the body. This approach enables the bit
210 to be located with ultrasonic sensors. Ultrasonic sensors
might be placed on the outside of the body to pick up sound
coming through the bone 360, or, they might be placed on the
ridge of the bone 360 and use sonic delay to locate the source,
at the bit 210. Alternatively, needles with sonic-probe tips
may be inserted through the body to make direct contact with
bones such as 360 and 365. Ultrasound imaging may be
combined with and/or supplement other locating methods
such as fluoroscopy. Some example methods may use a radio-
active bit 210, and may locate the bit 210 for example by
imaging emitted gamma rays. Blocks 813 and 814 may be
followed by block 815.

[0080] At a “Turn Drill Apparatus To Drill Hole Second
Compact Bone Wall Of First Bone” block 815, the articulated
bone drill apparatus 200 inserted at block 812 and advanced
through cancellous bone 362 at block 813 may be turned
using driver 350 to drill a hole in the second compact bone
wall of the first bone 360, that is, to drill a hole in the portion
of compact bone wall 361 at the left side of bone 360 in FIG.
3. Block 815 may be followed by block 816.

[0081] At a “Steer/Locate/Flush” block 816, any of a vari-
ety of operations may be performed, either continuously or
intermittently, as apparatus 200 drills a hole in the second
compact bone wall of the first bone 360 pursuant to block 815.
An arrow from block 816 to block 815 indicates that blocks
815 and 816 may be performed in a continuous loop, with as
many cycles as necessary, as may be appropriate to drill a hole
using apparatus 200. Operations in block 816 may comprise
steering, locating, and/or flushing operations described
herein. To treat a fracture 363, blocks 815 and 816 may be
followed by removing apparatus 200 from bone 360 and
proceeding to block 802, without performing blocks 821-823
or 831-833. To treat a dislocation, methods need not (yet)
remove apparatus 200 from bone 360, and may proceed from
blocks 815 and 816 to block 821.

[0082] Ata“Closed Reduction” block 821, a closed reduc-
tion operation may be performed to position dislocated bone
365 at a desired position and orientation with respect to first
bone 360. For example, for ball and socket type joints, a ball
or socket in bone 660 may be reduced to a position either over
or inside a corresponding ball or socket at bone 365. For lap
type joints, an overlapping bone section of bone 360 may be
reduced to a position either over or under a corresponding
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overlapping bone section of bone 365. Block 821 may use any
reduction technique known in the art. Block 821 may be
followed by block 822.

[0083] At a “Turn Drill Apparatus To Drill Through First
Compact Bone Wall Of Dislocated Bone” block 822, the
articulated bone drill apparatus 200 inserted at block 812,
advanced through cancellous bone 362 at block 813, and
which drilled through the second compact bone wall of bone
360 at block 815, may be turned using driver 350 to drill a hole
in a first compact bone wall of the dislocated bone 365, for
example, to drill a hole in the portion of compact bone wall
366 at the right side of bone 365 in FIG. 3. Block 822 may be
followed by block 823.

[0084] At a “Steer/Locate/Flush” block 823, any of a vari-
ety of operations may be performed, either continuously or
intermittently, as apparatus 200 drills a hole in the first com-
pact bone wall of the dislocated second bone 365 pursuant to
block 822. An arrow from block 823 to block 822 indicates
that blocks 822 and 823 may be performed in a continuous
loop, with as many cycles as necessary, as may be appropriate
to drill a hole using apparatus 200. Operations in block 823
may comprise steering, locating, and/or flushing operations
described herein. Blocks 822 and 823 may be followed by
removing apparatus 200 from bones 365 and 360, and pro-
ceeding to block 802.

[0085] At an “Insert Articulated Bone Tap Apparatus™
block 802, an articulated bone tap apparatus 100 such as
illustrated in FIG. 1 may be used as apparatus 300 in FIG. 3.
The articulated bone tap apparatus 100 may be inserted in the
hole in the first compact bone wall formed at block §01. Block
802 may be followed by block 803.

[0086] At a “Turn Tap Apparatus To Advance Through
Cancellous Bone” block 803, the articulated bone tap appa-
ratus 100 inserted at block 802 may be turned using driver 350
to advance apparatus 100 through a non-linear path within
cancellous bone 362 in the first bone 360 to a second compact
bone wall of the first bone 360. As noted herein, an example
non-linear path is illustrated in FIG. 3, wherein the apparatus
travels through bone 360 in a path that is not a straight line.
Apparatus 100 may be advanced within cancellous bone 362
to the second compact bone wall at the left side of bone 360 in
FIG. 3. In processes employing blocks 812-816, apparatus
100 may advance through a non-linear path that was pre-
drilled by apparatus 200. In processes not employing blocks
812-816, apparatus 100 may advance through a non-linear
path that was not pre-drilled. Block 803 may be followed by
block 804.

[0087] At a “Steer/Locate/Flush” block 804, any of a vari-
ety of operations may be performed, either continuously or
intermittently, as apparatus 100 is advanced through bone
pursuant to block 803. An arrow from block 8§04 to block 803
indicates that blocks 803 and 804 may be performed in a
continuous loop, with as many cycles as necessary, as may be
appropriate to advance apparatus 100. Operations at block
804 may comprise steering, locating, and/or flushing opera-
tions described herein. Blocks 803 and 804 may be followed
by block 805.

[0088] At a “Turn Tap Apparatus To Tap Hole In Second
Compact Bone Wall Of First Bone™ block 805, the articulated
bone tap apparatus 100 inserted at block 802 and advanced at
blocks 803-804 may be turned using driver 350 to advance
apparatus 100 through the second compact bone wall of the
first bone 360, that is, to advance apparatus 100 through the
portion of compact bone wall 361 at the left side of bone 360
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in FIG. 3. As it advances through the second compact bone
wall of the first bone 360, apparatus 100 may tap the hole
through which it advances, e.g., by tap flutes 132 cutting a
spiral thread groove in a sidewall of the hole in the second
compact bone wall of the first bone 360.

[0089] At a “Steer/Locate/Flush” block 806, any of a vari-
ety of operations may be performed, either continuously or
intermittently, as apparatus 100 is advanced through bone
pursuant to block 805. An arrow from block 806 to block 805
indicates that blocks 805 and 806 may be performed in a
continuous loop, with as many cycles as necessary, as may be
appropriate to advance apparatus 100. Operations at block
806 may comprise steering, locating, and/or flushing opera-
tions described herein. To treat a fracture 363, blocks 805 and
806 may be followed by block 807, without performing
blocks 821-823 or 831-833. To treat a dislocation, blocks 805
and 806 may be followed by block 831.

[0090] Ata“Closed Reduction” block 831, a closed reduc-
tion operation may be performed to position dislocated bone
365 at a desired position and orientation with respect to first
bone 360, as described with reference to block 821. Block 831
may be followed by block 832.

[0091] At a “Turn Tap Apparatus To Tap Hole In First
Compact Bone Wall Of Dislocated Bone” block 832, the
articulated bone tap apparatus 100 inserted at block 802,
advanced through bone 360 at blocks 803-806, may be turned
using driver 350 to tap a hole in a first compact bone wall of
the dislocated bone 365, for example, to tap a hole in the
portion of compact bone wall 366 at the right side of bone 365
in FIG. 3. In processes employing blocks 821-823, apparatus
100 may advance through a pre-drilled hole in the first com-
pact bone wall of the dislocated bone 365, e.g., the hole
drilled using apparatus 200. In processes not employing
blocks 821-823, apparatus 100 may be used to drill and tap
the hole in the first compact bone wall of the dislocated bone
365. As it advances through the first compact bone wall of the
dislocated bone 365, apparatus 100 may tap the hole through
which it advances, e.g., by tap flutes 132 cutting a spiral
thread groove in a sidewall of the hole in the first compact
bone wall of the dislocated bone 365. Block 832 may be
followed by block 833.

[0092] At a “Steer/Locate/Flush” block 833, any of a vari-
ety of operations may be performed, either continuously or
intermittently, as apparatus 100 taps a hole in a first compact
bone wall of the dislocated bone 365 pursuant to block 832.
An arrow from block 832 to block 833 indicates that blocks
832 and 833 may be performed in a continuous loop, with as
many cycles as necessary, as may be appropriate to tap a hole
using apparatus 100. Operations in block 833 may comprise
steering, locating, and/or flushing operations described
herein. Blocks 832 and 833 may be followed block 807.
[0093] At an “Anchor Hardware In Tapped Hole” block
807, hardware may be anchored in holes tapped in either or
both of the first compact bone wall of the dislocated bone 365,
tapped at block 832, and/or the second compact bone wall of
the first bone 360, tapped at block 805. In some embodiments,
hardware may also be anchored in hole(s) tapped in the first
compact bone wall of the first bone 360. For example, hard-
ware adapted to exerting tension on a flexible member such as
the spine 120 or 220 may be anchored a hole tapped in the first
compact bone wall of the first bone 360. The flexible member
may have threads engaged with the hardware anchored in the
first compact bone wall of the first bone 360 and/or the second
compact bone wall of the first bone 360, and also adapted to
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maintaining the tensile force, so as to exert a force between
the first compact bone wall of the first bone 360 and other
bone portions.

[0094] The anchored hardware may be any of a variety of
hardware, which may be anchored using a variety of different
techniques and apparatus. The anchored hardware may gen-
erally be adapted to apply a compressive force to fracture 363
in the first bone 360, and/or to apply a compressive force
between the first bone 360 and the dislocated second bone
365. In some embodiments, block 807 may be applied to treat
adislocation by anchoring hardware in the first compact bone
wall of the dislocated second bone 365 as well as the second
compact bone wall of the first bone 360, as mentioned above.
In some embodiments, block 807 may be applied to treat
fracture 363 by anchoring hardware in the second compact
bone wall of the first bone 360, without necessarily anchoring
hardware in dislocated second bone 365.

[0095] In some embodiments, block 807 may comprise
removing tap apparatus 100 from bones 365 and 360, and
inserting hardware in the holes tapped in bones 365 and/or
360. For example, tap apparatus 100 may be removed by
turning the apparatus in an opposite direction as that used to
advance apparatus 100. Hardware inserted into the holes
tapped in bones 365 and/or 360 may comprise threaded hard-
ware such as bolts with threads adapted to engage the spiral
thread grooves in sidewalls of tapped holes in the compact
bone walls. In some embodiments, the anchored hardware
may comprise one or more sections of the articulated bone tap
apparatus 100. For example, tap sections such as 131A and
131B may be allowed to remain in bones 365 and/or 360 as
anchored hardware, while other portions of apparatus 100,
suich as sections 136A, 136B, and 137, may be removed from
bones 365 and/or 360. Sections 136A, 136B, and 137 may
optionally be coupled to allow removal of sections 136A,
136B, and 137 from bones 365 and/or 360, without removing
one or more tap sections such as 131A. Block 807 may be
followed by block 808.

[0096] At a “Couple Hardware” block 808, anchored hard-
ware may be coupled to apply a compressive force across a
dislocation or fracture 363. In embodiments adapted to treat a
dislocation, anchored hardware in bones 365 and 360 may be
coupled, e.g., by a member extending between the hardware
anchored in the dislocated second bone 365 and the hardware
anchored in the first bone 360. A compressive force may be
applied between the anchored hardware, e.g., by shortening
the coupling member, or by adjusting the anchored hardware,
to compress bones 365 and 360 into a desired proximity, e.g.,
to draw bone 365 into contact with bone 360.

[0097] In embodiments adapted to treat fracture 363,
anchored hardware in bone 360 may be coupled at block 808
with hardware located at the first compact bone wall of the
first bone 360, e.g., by a member extending between the
anchored hardware at the second compact bone wall of the
first bone 360 and the hardware located at the first compact
bone wall of the first bone 360. A compressive force may be
applied between the anchored hardware and the hardware
located at the first compact bone wall of the first bone 360,
e.g., by shortening the coupling member, or by adjusting the
hardware, to compress the segments of bone 360 to the right
and left sides of fracture 363 into a desired proximity, e.g., to
draw the left segment of bone 360 into contact with the right
segment of bone 360.

[0098] The foregoing detailed description has set forth vari-
ous embodiments of the devices and/or processes via the use
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of diagrams and examples. Insofar as such diagrams and
examples contain one or more functions and/or operations, it
will be understood by those within the art that each function
and/or operation within such diagrams and examples may be
implemented, individually and/or collectively, by a wide
range of operational methods by appropriately trained pro-
fessionals using a wide range of equipment.

[0099] Those skilled in the art will recognize that it is
common within the art to describe devices and/or processes in
the fashion set forth herein, and thereafter use engineering
practices to integrate such described devices and/or processes
into surgical and other medical therapies. That is, at least a
portion of the devices and/or processes described herein may
be integrated into a surgical therapy via a reasonable amount
of experimentation. Those having skill in the art will recog-
nize that surgical therapy generally includes one or more
surgical steps and operational methods which are commonly
known and understood to take place under the best medical
and surgical practices. It is to be understood that the devices
and operations disclosed herein are merely examples and that
in fact many other devices and operations may be imple-
mented which achieve the same functionality. In a conceptual
sense, any arrangement of components to achieve the same
functionality is effectively “associated” such that the desired
functionality is achieved. Hence, any two components herein
combined to achieve a particular functionality may be seen as
“associated with” each other such that the desired function-
ality is achieved, irrespective of architectures or intermediate
components. Likewise, any two components so associated
may also be viewed as being “operably connected”, or “oper-
ably coupled”, to each other to achieve the desired function-
ality, and any two components capable of being so associated
may also be viewed as being “operably couplable”, to each
other to achieve the desired functionality. Specific examples
of operably couplable include but are not limited to physically
connectable and/or physically interacting components.

[0100] With respect to the use of substantially any plural
and/or singular terms herein, those having skill in the art may
translate from the plural to the singular and/or from the sin-
gular to the plural as is appropriate to the context and/or
application. The various singular/plural permutations may be
expressly set forth herein for sake of clarity.

[0101] It will be understood by those within the art that, in
general, terms used herein, and especially in the appended
claims (e.g., bodies of the appended claims) are generally
intended as “open” terms (e.g., the term “including” should
be interpreted as “including but not limited to,” the term
“having” should be interpreted as “having at least,” the term
“includes” should be interpreted as “includes but is not lim-
itedto,” etc.). It will be further understood by those within the
art that if a specific number of an introduced claim recitation
is intended, such an intent will be explicitly recited in the
claim, and in the absence of such recitation no such intent is
present. For example, as an aid to understanding, the follow-
ing appended claims may contain usage of the introductory
phrases “at least one” and “one or more” to introduce claim
recitations. However, the use of such phrases should not be
construed to imply that the introduction of a claim recitation
by the indefinite articles “a” or “an” limits any particular
claim containing such introduced claim recitation to inven-
tions containing only one such recitation, even when the same
claim includes the introductory phrases “one or more” or “at
least one” and indefinite articles such as “a” or “an” (e.g., “a”
and/or “an” should typically be interpreted to mean “at least

Nov. 13,2014

one” or “one or more™); the same holds true for the use of
definite articles used to introduce claim recitations. In addi-
tion, even if a specific number of an introduced claim recita-
tion is explicitly recited, those skilled in the art will recognize
that such recitation should typically be interpreted to mean at
least the recited number (e.g., the bare recitation of “two
recitations,” without other modifiers, typically means at least
two recitations, or two or more recitations). Furthermore, in
those instances where a convention analogous to “at least one
of A, B, and C, etc.” is used, in general such a construction is
intended in the sense one having skill in the art would under-
stand the convention (e.g., “a system having at least one of A,
B, and C” would include but not be limited to systems that
have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, etc.).
In those instances where a convention analogous to “at least
one of A, B, or C, etc.” is used, in general such a construction
is intended in the sense one having skill in the art would
understand the convention (e.g., “a system having at least one
of A, B, or C” would include but not be limited to systems that
have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, etc.).
It will be further understood by those within the art that
virtually any disjunctive word and/or phrase presenting two
or more alternative terms, whether in the description, claims,
or drawings, should be understood to contemplate the possi-
bilities of including one of the terms, either of the terms, or
both terms. For example, the phrase “A or B” will be under-
stood to include the possibilities of “A” or “B” or “A and B.”
[0102] While certain example techniques have been
described and shown herein using various methods, devices
and systems, it should be understood by those skilled in the art
that various other modifications may be made, and equiva-
lents may be substituted, without departing from claimed
subject matter. Additionally, many modifications may be
made to adapt a particular situation to the teachings of
claimed subject matter without departing from the central
concept described herein. Therefore, it is intended that
claimed subject matter not be limited to the particular
examples disclosed, but that such claimed subject matter also
may include all implementations falling within the scope of
the appended claims, and equivalents thereof.

1. An articulated bone tap apparatus, comprising:

abendable spine having a proximal end, a distal end, and a
longitudinal axis, the spine comprising two or more
sections extending from the proximal end along the lon-
gitudinal axis to the distal end,

a movable bit engaged at the distal end of the spine;

wherein longitudinal displacement of at least one spine
section with respect to at least one other spine section is
effective to steer the bit; and

a flexible cylindrical tap sleeve adapted to at least partially
encase the spine, wherein the tap sleeve and the bit are
mechanically engaged so that rotation of the tap sleeve
around the longitudinal axis of the spine is effective to
rotate the bit.

2. The articulated bone tap apparatus of claim 1, wherein
the tap sleeve is adapted to encase the spine between the bit
and a proximal sleeve section at the proximal end of the spine,
and wherein the tap sleeve comprises a plurality of rigid
cylindrical tap sections arranged end to end along the spine,
each tap section comprising an internal bore configured to
house the spine, and each tap section comprising an external
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tap flute configured to cut a spiral groove into a sidewall of a
hole cut by the bit as the sleeve rotates.

3. The articulated bone tap apparatus of claim 2, wherein
adjoining tap sections are rotationally interlocked, wherein
the tap sleeve and the bit are mechanically engaged by being
rotationally interlocked, and wherein the tap sleeve and the
proximal sleeve section are rotationally interlocked, so that
rotation of the proximal sleeve section around a longitudinal
axis of the spine also rotates the tap sleeve and the bit.

4. The articulated bone tap apparatus of claim 2, wherein
adjoining tap sections are angularly adjustable to permit at
least some degree of angular displacement between adjoining
tap sections.

5. The articulated bone tap apparatus of claim 2, wherein
adjoining tap sections are rotationally interlocked by tapered
cogs.

6. The articulated bone tap apparatus of claim 5, wherein
the tapered cogs are of different lengths to produce gaps
between adjoining tap sections.

7. The articulated bone tap apparatus of claim 2, wherein
the internal bores of the tap sections are of larger diameter
than the spine, thereby providing an internal fluid conducting
gap between the tap sleeve and the spine.

8. The articulated bone tap apparatus of claim 2 wherein the
internal bores of the tap sections comprise one or more lon-
gitudinal grooves, thereby providing one or more internal
fluid conducting grooves in the interior of the tap sleeve.

9. The articulated bone tap apparatus of claim 2, wherein
the height of the tap flutes increases with distance from the bit.

10. The articulated bone tap apparatus of claim 2, wherein
the tap sleeve comprises one or more rigid cylindrical spacer
sections between the tap sections and the proximal sleeve
section.

11. The articulated bone tap apparatus of claim 2, wherein
the proximal sleeve section comprises a driver interface
adapted to couple with a driver to apply torque to the sleeve.

12. The articulated bone tap apparatus of claim 1, further
comprising a steering nut at the proximal end of the spine,
wherein adjustment of the steering nut is effective to longi-
tudinally displace the at least one spine section with respect to
the at least one other spine section to steer the bit.

13. The articulated bone tap apparatus of claim 1, wherein
the bit is rotatably attached to the spine so that the bit rotates
independently from the spine.

14. The articulated bone tap apparatus of claim 1, wherein
the bit comprises one or more cutting teeth, wherein at least
one cutting edge of the bit is disposed on the teeth, and
wherein the teeth are adapted to cut the hole into surrounding
material as the bit rotates in either sense, clockwise or coun-
terclockwise.

15. The articulated bone tap apparatus of claim 1, wherein
the bit comprises a sidewall hole.

16. The articulated bone tap apparatus of claim 1, wherein
the spine is threaded.

17. An articulated bone drill apparatus, comprising:

abendable spine having a proximal end, a distal end, and a

longitudinal axis, the spine comprising two or more
sections extending from the proximal end along the lon-
gitudinal axis to the distal end,

amovable bit engaged at the distal end of the spine;

wherein longitudinal displacement of at least one spine

section with respect to at least one other spine section is
effective to steer the bit; and
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a flexible cylindrical drill sleeve adapted to at least partially
encase the spine, wherein the drill sleeve and the bit are
mechanically engaged so that rotation of the drill sleeve
around the longitudinal axis of the spine is effective to
rotate the bit.

18-30. (canceled)

31. The articulated bone drill apparatus of claim 17,
wherein the bit is adapted to drill in directions substantially
perpendicular to the drill sleeve.

32. A method for treating a bone fracture or dislocation
with a bone tap apparatus, comprising:

drilling a hole in a first compact bone wall of a first bone;

inserting an articulated bone tap apparatus in the hole in the
first compact bone wall;

turning the articulated bone tap apparatus to advance the
articulated bone tap apparatus through a non-linear path
within cancellous bone in the first bone to a second
compact bone wall of the first bone;

turning the articulated bone tap apparatus to advance the
articulated bone tap apparatus through the second com-
pact bone wall of the first bone and to tap a hole in the
second compact bone wall of the first bone by cutting a
spiral thread groove in a sidewall of the hole in the
second compact bone wall of the first bone; and

anchoring hardware in the tapped hole in the second com-
pact bone wall of the first bone, wherein the hardware is
adapted to apply one or more of:

a compressive force to a fracture in the first bone; or
a compressive force between the first bone and a dislo-
cated second bone.

33. The method of claim 32, wherein the anchored hard-
ware comprises one or more sections of the articulated bone
tap apparatus.

34. The method of claim 32, further comprising:

inserting an articulated bone drill apparatus in the hole in
the first compact bone wall;

turning the articulated bone drill apparatus to advance the
articulated bone drill apparatus through the non-linear
path within cancellous bone in the first bone to the sec-
ond compact bone wall of the first bone;

turning the articulated bone drill apparatus to drill the hole
in the second compact bone wall of the first bone; and

removing the articulated bone drill apparatus from the first
bone.

35. The method of claim 34, further comprising turning the
articulated bone drill apparatus to drill a hole in a first com-
pact bone wall of the dislocated second bone.

36. The method of claim 32, further comprising:

turning the articulated bone tap apparatus to advance the
articulated bone tap apparatus through a first compact
bone wall of the dislocated second bone and to tap a hole
in the first compact bone wall of the dislocated second
bone by cutting a spiral threaded groove in a sidewall of
the hole in the first compact bone wall of the dislocated
second bone; and

anchoring hardware in the tapped hole in the first compact
bone wall of the dislocated second bone, wherein the
hardware is adapted to apply a compressive force
between the first bone and the dislocated second bone.

37. The method of claim 36, further comprising perform-
ing a closed reduction of the dislocated second bone prior to
tapping the hole in the first compact bone wall of the dislo-
cated second bone.
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38. The method of claim 32, further comprising coupling
the anchored hardware with hardware located at the first
compact bone wall of the first bone and applying a compres-
sive force between the anchored hardware and the hardware
located at the first compact bone wall of the first bone to apply
a compressive force to the fracture in the first bone.

39. The method of claim 32, further comprising flushing
the articulated bone tap apparatus when turning the articu-
lated bone tap apparatus to advance the articulated bone tap
apparatus through the second compact bone wall of the first
bone.

40. The method of claim 32, wherein the first bone com-
prises a bone in a human pelvis.

41. The method of claim 32, wherein the first bone com-
prises a human lower mandible.

42. The method of claim 32, further comprising establish-
ing a location of the articulated bone tap apparatus using one
or more of an ultrasound, X-Ray, or nuclear medicine imag-
ing technique.

43. The method of claim 32, further comprising steering
the articulated bone tap apparatus by adjusting longitudinal
displacement of spine sections within the articulated bone tap
apparatus to direct the non-linear path of the articulated bone
tap apparatus as the articulated bone tap apparatus advances
within the cancellous bone in the first bone.
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