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DRILL ATTACHMENT FOR CANNULATED
SURGICAL DRILLS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 14/440,839, filed on May 5, 2015, as the U.S.
national stage under 35 U.S.C §371 of PCT Application Ser.
No. PCT/CA2013/050870, filed on Nov. 14, 2013, which
claims priority to PCT Application Ser. No. PCT/CA2012/
050807, filed on Nov. 14, 2012. The foregoing applications
are incorporated herein by reference in their entirety.

BACKGROUND

[0002] The pelvis is a ring-like structure made up of three
bones, the sacrum and two innominate bones that have three
parts, the ilium, ischium, and pubis. The ring-like structure
of the pelvic bones gives them great strength. Since the
structure is ring-like, however, a fracture in one part of the
structure will often be accompanied by another fracture or
severe ligamentous injury at other points in the pelvic ring.
Surgery is often required to repair the damage. Screws, bolts
and metal plates facilitate the healing of the bones, and
external fixators are common.

[0003] However, when external fixators are used, they
may need to remain in place for as long as six to twelve
weeks. Meticulous observation is required to spot signs of
infection at the pin sites and note pins that are loosening and
need to be replaced. Therefore, internal anchors are gener-
ally preferred. However, placing a plate on the bone requires
a significant operation with resulting high blood loss. In
some cases, a straight intramedullary screw may be placed
along a curved path. While the screw is less invasive,
because of the ring-shaped structure and curvature of the
pelvic bones, the fixation may be inadequate because the
straight screw cannot be implanted very far into a curved
bone. This may result in inadequate fixation. Moreover, the
screw must be relatively small in diameter to avoid extend-
ing through the bone. Surgically speaking, implanting a
screw such that it extends from the bone can result in
significant hazard to the patient because it may puncture or
otherwise impinge upon important vascular and nervous
structures.

[0004] Curved anchors and apparatus for forming curved
holes for receiving the anchors can therefore be advanta-
geous. Modified Kirschner wires having an angled distal tip
may be driven into cancellous bone by a hammering action
to form curved holes. Surgical drills provide only rotative
motion in one or both directions of rotation and do not have
a hammering capability. Therefore, in addition to a surgical
drill, a hammering device or mechanism will also be needed
during a fixation to drive the wire into the bone.

[0005] In order to simplify the tools, and/or the number of
tools required by a surgeon for fixing bone fractures where
curved fixation paths are required, there remains a need for
an attachment device for a bi-directional rotary drill, such as
a surgical drill, to convert the rotary drill to a hammer drill
for driving modified drill wires into bone to produce curved
bores for accepting bone anchors for fixing curved bone
portions.

SUMMARY

[0006] Presently disclosed is a hammer drill attachment
that enables a rotary drill to be used to provide a hammering
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action. The hammer drill attachment may be provided indi-
vidually or as part of a drill kit that also includes a rotary
drill, and the attachment may be usable in surgical proce-
dures requiring a surgical drill implement to be hammered
into bone.

[0007] In an embodiment, a quick-release mechanism for
a collet comprises a socket configured to receive the collet
in a collet lumen, the socket comprising a proximal socket
flange and a distal socket flange distal to the proximal socket
flange. The quick-release mechanism further comprise a
socket seater further comprising a socket lumen configured
to receive the socket, a socket seater flange disposed
between the proximal socket flange and the distal socket
flange, and a socket seater stub. The quick-release mecha-
nism further comprises a return spring disposed on an
exterior surface of the socket seater, and a latching arm in
contact with the socket seater stub, and having a first state,
a second state, and a third state.

[0008] In an additional embodiment, a transmission
mechanism, comprises a housing, a proximal toothed plate
disposed within the housing and including a body having a
distal side comprising a plurality of teeth, and a distal
toothed plate disposed within the housing and including a
body having a proximal side comprising a plurality of teeth
configurable to engage the plurality of teeth of the proximal
toothed plate. The housing of the transmission mechanism is
configured to axially constrain the distal toothed plate. Each
tooth of the proximal toothed plate and each tooth of the
distal toothed plate comprises a riser side and a ramp side.
Within the transmission mechanism, a rotation of the proxi-
mal toothed plate in a first direction engages the plurality of
teeth of the proximal toothed plate with the plurality of teeth
of the distal toothed plate, and a rotation of the proximal
toothed plate in a second direction disengages the plurality
of teeth of the proximal toothed plate from the plurality of
teeth of the distal toothed plate and rotationally slides the
plurality of teeth of the proximal toothed plate with respect
to the plurality of teeth of the distal toothed plate thereby
imparting an axial impact force to the distal toothed plate.

[0009] In a further embodiment, a drill attachment for a
bi-directional drill may comprise a housing, a lengthwise
adapter comprising a proximal end configured to engage a
chuck of the bi-directional drill, a transmission mechanism
configured to engage a distal end of the lengthwise adapter,
and a quick-release mechanism for a collet. The transmis-
sion may comprise a proximal toothed plate disposed within
the housing and including a body having a distal side
comprising a plurality of teeth, and a distal toothed plate
disposed within the housing and including a body having a
proximal side comprising a plurality of teeth configurable to
engage the plurality of teeth of the proximal toothed plate.
The distal toothed plate may also be configured to axially
receive a collet in a distal central structure thereof. The
housing of the transmission mechanism may be configured
to axially constrain the distal toothed plate. Each tooth of the
proximal toothed plate and each tooth of the distal toothed
plate comprises a riser side and a ramp side. Within the
transmission mechanism, a rotation of the proximal toothed
plate in a first direction engages the plurality of teeth of the
proximal toothed plate with the plurality of teeth of the distal
toothed plate, and a rotation of the proximal toothed plate in
a second direction disengages the plurality of teeth of the
proximal toothed plate from the plurality of teeth of the
distal toothed plate and rotationally slides the plurality of
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teeth of the proximal toothed plate with respect to the
plurality of teeth of the distal toothed plate thereby impart-
ing an axial impact force to the distal toothed plate. The
quick-release mechanism may include a socket configured to
receive the collet in a collet lumen, the socket comprising a
proximal socket flange and a distal socket flange distal to the
proximal socket flange. The quick-release mechanism fur-
ther comprise a socket seater further comprising a socket
lumen configured to receive the socket, a socket seater
flange disposed between the proximal socket flange and the
distal socket flange, and a socket seater stub. The quick-
release mechanism further comprises a return spring dis-
posed on an exterior surface of the socket seater, and a
latching arm in contact with the socket seater stub, and
having a first state, a second state, and a third state.
[0010] In a further embodiment, a surgical drill kit com-
prises a bi-directional cannulated surgical drill and a drill
attachment. The drill attachment for the bi-directional drill
comprises: a housing; a lengthwise adapter comprising a
proximal end configured to engage a chuck of the bi-
directional drill; a transmission mechanism configured to
engage a distal end of the lengthwise adapter, comprising
comprises a proximal toothed plate disposed within the
housing and including a body having a distal side compris-
ing a plurality of teeth, and a distal toothed plate disposed
within the housing and including a body having a proximal
side comprising a plurality of teeth configurable to engage
the plurality of teeth of the proximal toothed plate. The
housing of the transmission mechanism is configured to
axially constrain the distal toothed plate. Each tooth of the
proximal toothed plate and each tooth of the distal toothed
plate comprises a riser side and a ramp side. Within the
transmission mechanism, a rotation of the proximal toothed
plate in a first direction engages the plurality of teeth of the
proximal toothed plate with the plurality of teeth of the distal
toothed plate, and a rotation of the proximal toothed plate in
a second direction disengages the plurality of teeth of the
proximal toothed plate from the plurality of teeth of the
distal toothed plate and rotationally slides the plurality of
teeth of the proximal toothed plate with respect to the
plurality of teeth of the distal toothed plate thereby impart-
ing an axial impact force to the distal toothed plate. The drill
attachment further comprises a quick-release mechanism for
a collet comprises a socket configured to receive the collet
in a collet lumen, the socket comprising a proximal socket
flange and a distal socket flange distal to the proximal socket
flange. The quick-release mechanism further comprise a
socket seater further comprising a socket lumen configured
to receive the socket, a socket seater flange disposed
between the proximal socket flange and the distal socket
flange, and a socket seater stub. The quick-release mecha-
nism further comprises a return spring disposed on an
exterior surface of the socket seater, and a latching arm in
contact with the socket seater stub, and having a first state,
a second state, and a third state.

BRIEF DESCRIPTION OF THE FIGURES

[0011] FIG. 1 depicts a cannulated surgical drill according
to an embodiment.

[0012] FIG. 2 depicts a perspective view of a cannulated
hammer drill attachment according to an embodiment.
[0013] FIG. 3 depicts an exploded perspective view of the
cannulated hammer drill attachment of FIG. 2 according to
an embodiment.
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[0014] FIGS. 4A-4D illustrate the engagement between
transmission plates of a cannulated hammer drill according
to an embodiment.

[0015] FIG. 5 depicts a Kirschner wire having a bent tip
for producing curved holes in bone according to an embodi-
ment.

[0016] FIG. 6A depicts an exemplary device for fixing a
bone according to an embodiment.

[0017] FIG. 6B depicts interior portions of the exemplary
device of FIG. 2A according to an embodiment.

[0018] FIG. 7 depicts a quick-release mechanism for a
Kirschner wire in a cannulated hammer drill attachment
according to an embodiment.

[0019] FIGS. 8A-8C depict a mechanism of action of a
quick-release mechanism for a Kirschner wire in a cannu-
lated hammer drill attachment according to an embodiment.
[0020] FIG. 9 depicts a close-up of one example of a pin
and closed-loop track for a quick-release mechanism for a
Kirschner wire in a cannulated hammer drill attachment
according to an embodiment.

[0021] FIG. 10 depicts a close-up of an alternative
example of a pin and closed-loop track for a quick-release
mechanism for a Kirschner wire in a cannulated hammer
drill attachment according to an embodiment.

[0022] FIG. 11 depicts a transmission mechanism of a
cannulated hammer drill attachment according to an
embodiment.

DETAILED DESCRIPTION

[0023] The pelvic bones exhibit many areas of curvature.
Fractures of the pelvic bones therefore may often require
curved intramedullary anchors to fix the bones. However, to
use curved anchors, the holes for receipt of the anchors must
also be curved and typical drill arrangements do not allow
for the formation of curved holes. Curved holes may be
created by using a bent and sharpened tip on the end of a
piece of flexible wire, and advancing the wire into the bone
by a hammering action. The hammering action may be
provided by a cannulated hammer drill system as described
with reference to FIGS. 1-3, and the wire may have a
configuration as depicted in FIG. 5.

[0024] Flexible drill wires, such as the wire 50 depicted in
FIG. 5, which may be used to produce curved holes, may be
formed from materials such as nitinol (nickel titanium) or
spring tempered stainless steel, for example. Depending on
the diameter desired for the hole, the wire 50 may have a
diameter from about 0.5 mm to about 5 mm. In embodi-
ments, the wire 50 may have a diameter of about 0.5 mm,
about 0.75 mm, about 1.0 mm, about 1.25 mm, about 1.5
mm, about 1.75 mm, about 2.0 mm, about 2.5 mm, about 3.0
mm, about 3.5 mm, about 4.0 mm, about 5.0 mm, or any
diameter between any two of the listed values. To enable the
wire 50 to be advanced in a non-linear direction with respect
to the longitudinal axis of the wire, the tip 52 of the wire may
be bent at an angle from the longitudinal axis. The angled tip
52 may have a length of about 5 mm to about 12 mm
extending from the end. In embodiments, the angled tip 52
may have a length of about 5 mm, about 6 mm, about 7 mm,
about 8 mm, about 9 mm, about 10 mm, about 11 mm, about
12 mm, or any length between any of the listed values. The
angled tip 52 may be bent from the longitudinal axis at an
angle A of about 25° to about 35°. In embodiments, the
angled tip 52 may be disposed at an angle A of about 25°,
about 26°, about 27°, about 28°, about 29°, about 30°, about
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31°, about 32°, about 33°, about 34°, about 35°, or any angle
between any of the listed values. As an example, a drill wire
50 may be on the order of about 1.5 mm in diameter, and
may include a bent tip 52 of about 10 mm in length at an
angle A of about 30°.

[0025] A drill wire 50 may be advanced within the soft
cancellous bone inside the pelvis by means of a hammering
action. The bent tip 52 will cause the wire 50 to turn, or be
directed off axis in the direction of the angled tip as the wire
is advanced. If the wire 50 is able to be rotated to turn the
tip 52 in any arbitrary orientation, the overall direction of the
wire can be made to bend in the direction which is required.
Straight paths may be approximated by alternately turning
the tip 52 at 180° offsets and producing several short curved
paths in opposing directions. A fluoroscope may be used to
continuously monitor the position of the drill in the bone,
and allow adjustments to be made as the hole is being
formed. The process of producing curved holes within the
pelvis is aided by the outer structure of hard cortical bone
which can partially guide the wire within the softer cancel-
lous bone of the pelvis.

[0026] To produce the hammering action needed to drive
the drill wire 50 into bone, a hammer drill attachment 30
may be attached to a standard bi-directional surgical drill 10
as shown in FIG. 1.

[0027] With reference to FIG. 1, there is illustrated a
surgical drill 10 which may be a cannulated drill configured
for accepting a Kirschner wire 12 (also referred to as a
“K-wire” or “K-pin”) through the cannula thereof. The drill
10 may be a bi-directional drill, while use of a unidirectional
drill may also be contemplated. Some examples of surgical
drills are the MPower® and PowerPro® devices manufac-
tured by ConMed Linvatec of Largo, Fla.

[0028] With the inclusion of a cannulated hammer-drill
attachment 30, discussed in more detail with reference to
FIGS. 2 and 3, a surgical drill 10 may be adapted to drive the
Kirschner pin 12 into the bone. If the pins 12 are configured
as discussed with reference to wire 50 of FIG. 5, curved hole
paths may be formed in the bone. Hammer-drill attachment
30 may be attached to the drill body by means of an
attachment device 32. The drill 10 may also be used with
other types of attachments, and some examples of additional
attachments which may be used include, but are not limited
to, keyless chucks, quick-connect drill attachments, reamers,
sagittal saws, and reciprocating saws.

[0029] While a cannulated drill may have a variety of
configurations, in general, a drill 10 may include a motor
housing 14, a gear housing 16 forwardly thereof, a depend-
ing pistol-grip handle 18, and a removable battery pack 20
which may form a part of the pistol-grip handle. The handle
18 may be economically designed and include a pair of
triggers 24a, 24b projecting forwardly of the pistol-grip
handle. In an embodiment, trigger 24a may provide a first,
or forward direction of rotation, and trigger 245 may provide
a second, or reverse direction of rotation. The triggers 24a,
24b may be variable speed triggers that provide control of
the speed of rotation. The hammer-drill attachment 30 may
include a rotary connection member, such as a collet 33, for
engaging the K-wire 12 and rotating the K-wire with the
rotation of the drill motor. During usage of such a configu-
ration, a surgeon may control the operation of the drill
(speed, direction of rotation, insertion or withdrawal) with
one hand.
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[0030] As depicted in FIG. 1, surgical drills, including
cannulated surgical drills, may have two separate buttons to
control direction, unlike conventional drills which generally
have one trigger to run the drill and a separate bi-stable
switch to control direction. The hammer drill attachment 30
of FIGS. 2 and 3 includes a clutch 32, which may be a
unidirectional bearing, and which exploits the bi-directional
design. This clutch bearing 32 allows the attachment to
provide free rotation in a first direction of rotation, while
inhibiting rotation in the opposite, second direction and
allowing the rotation in the second direction to be converted
into a hammering motion. The attachment 30 may have a
housing 40 that retains the attachment parts and provides an
attachment portion 42 to engage with and fixedly retain the
housing on the drill to prohibit rotation of the housing upon
operation of the drill.

[0031] Attachment 30 includes an input shaft 34 config-
ured to receive rotary motion from an output member (not
shown) of a rotary drill in each of the first direction of
rotation and the second direction of rotation of the drill.
Input shaft 34 rotates freely in both directions. Attachment
30 also includes an output shaft 35 configured for outputting
rotary motion or pulsed axial percussions, and a transmis-
sion arrangement 31 connecting the input shaft with the
output shaft. In an embodiment as depicted in FIGS. 2 and
3, the input shaft 34 and output shaft 35 are in axial
alignment and are cannulated for receipt of a K-wire there-
through, and may therefore be used with cannulated surgical
drills.

[0032] The transmission arrangement 31 is configured to
transmit rotary motion from the input shaft 34 to the output
shaft 35 during rotation of the input shaft in the first
direction of rotation, and is also configured to convert rotary
motion of the input shaft to pulsed axial percussions of the
output shaft during rotation of the input shaft in the second
direction of rotation. In an embodiment, the transmission
arrangement 31 may include a first transmission member 36
disposed in conjunction with the input shaft 34 to receive
corresponding rotary motion from the input shaft during
rotation of the input shaft in each of the first direction of
rotation and the second direction of rotation. The transmis-
sion arrangement 31 may also include a second transmission
member 37 disposed in conjunction with the first transmis-
sion member 36 and the output shaft 35 to transfer the rotary
motion of the first transmission member to the output shaft
during rotation of the input shaft in the first direction of
rotation, and convert the rotary motion of the first transmis-
sion member to pulsed axial percussions and transfer the
pulsed axial percussions to the output shaft during rotation
of the input shaft in the second direction of rotation.

[0033] The input shaft 34 has a first end configured to be
connected to an output member of a drill and a second end
spaced apart from the first end and disposed within the
housing 40. The output shaft 35 has a first end disposed
within the housing 40 adjacent the second end of the input
shaft and a second end spaced apart from the first end. The
first transmission member 36 may be fixedly attached on the
second end of the input shaft 34 for rotation of the first
transmission member with the input shaft, and the second
transmission member 37 may be fixedly attached on the first
end of the output shaft 35 for movement of the output shaft
with the second transmission member. In the embodiment
depicted in FIGS. 2 and 3, the first transmission member is
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configured as a saw-tooth disc 36, and the second transmis-
sion member is configured as a saw-tooth disc 37.

[0034] In an embodiment, at least one of the first trans-
mission member and the second transmission member (cor-
responding with either 36 or 37 in the embodiment of FIG.
3) may be a disc-shaped member having a surface disposed
towards the other of the first transmission member and the
second transmission member. As shown in FIG. 3, the
surface of the disc shaped member 36 or 37 may have a
plurality of teeth disposed annularly about a central axis. As
depicted in the representation presented by FIGS. 4A-4D,
the teeth may have a right-triangular cross-section in the
annular direction with a face portion disposed at an angle to
the surface and a leg portion disposed axially to the surface.
[0035] In an embodiment, the other of the first transmis-
sion member and the second transmission member (corre-
sponding with the other of either 36 or 37 in the embodiment
of FIG. 3) may be configured as an engagement device
having at least one projection that is configured to engage
with the leg portions of the teeth during rotation of the input
shaft 34 in the first direction of rotation to rotate the second
transmission member with the first transmission member,
and glidingly move over the face portions of the teeth during
rotation of the input shaft in the second direction of rotation
to axially displace the output shaft 35 by an amount which
is substantially the height of the teeth from the surface of the
disc (see h in FIG. 4A-4D). A biasing member, which may
be configured as a wave washer, such as wave washer 38 in
FIG. 3, may be disposed to provide biased engagement
between the teeth of the one transmission member and the at
least one projection of the other transmission member.
[0036] In the embodiment as depicted in FIGS. 2 and 3,
both of the first and second transmission members 36, 37
may be saw-toothed disc members with a plurality of teeth
disposed annularly about a central axis. As represented in
FIG. 4A-4D, the teeth on the disc members 36, 37 may be
complementary to one another. Upon movement of the disc
member 36 in a first direction of rotation as represented by
panel A of FIG. 4A-4D, the leg portions of the teeth of the
first disc member 36 engage with the leg portions of the teeth
of the second disc member 37 and rotate the second disc
member with the first disc member. However, as represented
by panels B-D of FIG. 4A-4D, upon rotation of the first disc
member 36 in the opposite direction, since disc member 37
is prevented from rotating in the opposite direction by the
uni-directional bearing 32, the teeth of the first disc member
slide over the face portions of the teeth of the second disc
member to axially displace the second disc member by an
amount h corresponding to the height of the teeth. After the
teeth pass over one another, the discs snap back together
(panel D) and an axial hammering movement is created.
[0037] This axial displacement results in an axial displace-
ment of the output shaft 35, and any surgical implement
connected with the output shaft via the collet 33. In some
designations, the term ‘chuck’ may be used interchangeably
with the term ‘collet.” A collet 33 may include an engaging
member 335 through which the article to be retained is held,
and an internally threaded cap 33« that may be threadable
onto the end of the shaft 35 to compress the engaging
member around the implement to be retained.

[0038] A unidirectional bearing 32 prohibits rotation of the
second disc member 37 and shaft 35 in the second direction.
A bushing 44 may be provided to allow for axial movement
of the shaft 35 within the unidirectional bearing 32. Addi-
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tional bearings 46, 47 may be provided as needed to guide
rotation of the shafts 34, 35, and retaining rings 48 may be
used to hold the various components in place within the
housing and on the shafts. A spacer ring 49 may also be
included to provide a bearing surface for the wave washer
38.

[0039] A hammer drill attachment 30 may be packaged
and sold individually as an accessory for rotary drills, or
alternatively may be included in a pre-packaged kit. A kit
may include a drill, such as drill 10 of FIG. 1, as well as
assorted attachment devices, such as the hammer drill
attachment 30 or any of the previously mentioned attach-
ments including keyless chucks, quick-connect drill attach-
ments, reamers, sagittal saws, and reciprocating saws.
[0040] The hammer drill attachment may be capable of
reversibly securing the K-wire during surgery, while requir-
ing minimal manipulation by the surgeon using the drill. A
handle may be supplied to the drill attachment to permit the
surgeon to lock the K-wire. However, it may be appreciated
that the surgeon may not wish to apply a force to a handle
for coupling the K-wire to the drill attachment throughout
the entire surgical procedure. Rather, a surgeon may prefer
to have a mechanism that readily engages the drill attach-
ment to the K-wire that does not require constant attention
during the surgery. FIG. 7 depicts an embodiment of a
quick-release mechanism to allow a single action to a handle
to engage the drill attachment to the K-wire, and a separate
single action to disengage the drill attachment.

[0041] The quick-release mechanism depicted in FIG. 7
includes a collet 710 disposed near a socket 715 configured
to receive the collet in a collet lumen 717. In some non-
limiting examples, the collet lumen 717 may be smooth. In
alternative non-limiting examples, the collet lumen 717 may
be textured to better retain the collet 710 within the collet
lumen. The socket 715 may also have a cable lumen 719
co-axial with the collet lumen 717 and co-axial as well with
the lumen of the collet 712. The socket 715 may comprise
a proximal socket flange 720 and a distal socket flange 725
distal to the proximal socket flange. The quick-release
mechanism further may comprise a socket seater 730 further
comprising a socket lumen configured to receive the socket
715, a socket seater flange 735 disposed between the proxi-
mal socket flange 720 and the distal socket flange 725, and
a socket seater stub 740. The quick-release mechanism may
further comprise a return spring 750 disposed on an exterior
surface of the socket seater 730, and a latching arm 745 in
contact with the socket seater stub 740. In some non-limiting
examples, the latching arm 745 may be configured to exhibit
a first state, a second state, and a third state.

[0042] The mechanism of action of the quick-release
mechanism may depend in part on the relative placement of
the various flanges. Thus, as depicted in FIG. 7, the proximal
socket flange 720 may extend from an exterior surface of the
socket 715, and the distal socket flange 725 may extend from
the exterior surface of the socket. Additionally, the socket
seater flange 735 may be disposed at a distal end of the
socket seater 730 and may protrude at least in part into a
space bounded at least in part by the proximal socket flange
and the distal socket flange. As a result of this geometry,
linear motions of the socket seater 730 may be constrained
by the position of the socket 715.

[0043] The socket seater 730 may include a socket seater
stub 740 that may protrude from the exterior surface of the
socket seater and, additionally, may be engaged to move by
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the latching arm 745. The latching arm 745 may be in
contact with a handle at a first end and in contact with a
mechanical switch at a second end. The handle may be used
by a surgeon to operate the quick-release mechanism. The
mechanical switch may exhibit a first stable state, a second
stable state, a first transitory state, and a second transitory
state. In a non-limiting example, the mechanical switch may
be configured to be placed sequentially into the first stable
state, the first transitory state, the second stable state, and the
second transitory state. As one non-limiting example, the
mechanical switch may comprise a pin 755 and a closed-
loop track 760, in which the closed-loop track is configured
to receive a first end of the pin, and the latching arm 745 is
configured to receive a second end of the pin.

[0044] FIG. 7 along with FIGS. 8A-8C illustrates
examples of mechanical interactions among the components
of a non-limiting embodiment of a quick-release mecha-
nism. Although the components and their interactions are
described with respect to FIGS. 7 and 8A-8C, the quick-
release mechanism as disclosed herein may be not be limited
to components and interactions as depicted solely by these
figures.

[0045] FIG. 7 depicts a quick release mechanism prior to
securing a K-wire. The K-wire may traverse the co-axial
lumens including the lumen of the collet 712, the collet
lumen 717, and the cable lumen 719. The collet 710 may be
disposed at least in part within the socket lumen 717. As
depicted in FIG. 7, a K-wire traversing the lumen of the
collet 712 and the collet lumen 717 may freely move without
being bound by the collet. The latching arm 745 may be
positioned by the pin 755 at one end of the closed-loop track
760.

[0046] As depicted in FIG. 8A, a force applied to the
handle may engage the latching arm 845 to move in a
proximal direction, thereby causing the socket seater stub
840 also to move proximally, as indicated by arrow A. The
motion of the socket seater stub 840 may cause the socket
seater 830 to move similarly in a proximal direction as
indicated by arrow B. Additionally, the pin 855 associated
with the latching arm 845 may traverse a portion of the
closed-loop track 860 to a first transient state. The latching
arm 845 may be effectively in the first latching arm state
while the pin 855 is in the first pin transitory state. The
mechanical configuration depicted in FIG. 8 A may portray
a first state of the latching arm 845 in which a proximal face
of the socket seater flange 835 may contact a distal face of
the proximal socket flange 820, thereby transferring a proxi-
mal force to the proximal socket flange. The latching arm
845, when placed in the first state, can move the socket
seater stub 840 in a proximal direction, thereby moving the
socket seater 830 and the socket seater flange 835 in a
proximal direction. As the socket seater 830 moves in a
proximal direction, the socket seater flange 835 engages the
distal face of the proximal socket flange 820 and moves it in
a proximal direction as well, thereby pulling the socket 815
onto the collet 810 and securing the exterior surface of the
collet against the inner surface of the collet lumen 817.
When the collet 810 is thus engaged by the socket 815 in this
manner, the collet may collapse by constriction, and thus
secure a K-wire traversing the lumen of the collet 812. It
may also be noted that the relative positions of the socket
815 and the socket seater 830 as depicted in FIG. 8A may
result in compression of the return spring 850.
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[0047] FIG. 8B depicts the quick-release mechanism after
the K-wire has been secured by the collet 810. As depicted
in FIG. 8B, after the force has been released from the handle,
the latching arm 845 may move in a distal direction under
the restoring force of the return spring 850. The pin 855
associated with the latching arm 845 may traverse a portion
of the closed-loop track 860 to a first stable state. This pin
state may be considered stable in that the pin 855 may
remain in this state without the application of force to the
handle. The first stable state of the pin 855 may result in
placing the latching arm 845 stably in the second latching
arm state. As a result, the socket seater stub 840 may move
partially in a distal direction under the restorative force of
the return spring 850, as indicated by arrow C. The mechani-
cal configuration depicted in FIG. 8B may portray a second
state of the latching arm 845 in which the socket seater
flange 835 may be positioned between the proximal socket
flange 820 and the distal socket flange 825 so that the socket
seater flange makes no contact, or only a minimal contact,
with the proximal socket flange or with the distal socket
flange. As a result, axial percussive force that may be
delivered by the drill attachment to the K-wire through the
collet 810 may not be impeded by the socket seater 830 or
the socket seater flange 835.

[0048] The K-wire may be released from the hammer drill
attachment by a second application of force to the handle
and subsequent release, as depicted in FIG. 8C. As depicted
in FIG. 8C, a second force applied to the handle may engage
the latching arm 845 to move in a slight proximal direction,
thereby causing the socket seater stub 840 also to move
slightly proximally. Additionally, the pin 855 associated
with the latching arm 845 may traverse a portion of the
closed-loop track 860 to a second transient state. In this
second transient state, the proximal face of the socket seater
flange 835 may contact the distal face of the proximal socket
flange 820. With respect to the socket seater flange 835 and
proximal socket flange 820, the latching arm 845 may be
transiently in the first latching arm state while the pin 855 is
in the second pin transitory state. Upon release of the second
force against the handle, the latching arm 845 may continue
to move in a distal direction under the restoring force of the
return spring 850, as indicated by arrow D. The pin 855
associated with the latching arm 845 may traverse a portion
of the closed-loop track 860 to a second stable state. This
second stable pin state may be considered stable in that the
pin 855 may remain in this state without the application of
force to the handle. The second stable state of the pin 855
may result in placing the latching arm 845 stably in the third
latching arm state. The first stable state of the pin 855 may
result in placing the latching arm 845 stably in the second
latching arm state. The mechanical configuration depicted in
FIG. 8C may portray a third state of the latching arm 845 in
which a distal face of the socket seater flange 835 may
contact a proximal face of the distal socket flange 825,
thereby transferring a distal force (from the return spring
850) to the distal socket flange. The latching arm 845, when
placed in the third state, can move the socket seater stub 840
in a distal direction, thereby moving the socket seater 830
and the socket seater flange 835 in a distal direction. As the
socket seater 830 moves in a distal direction, the socket
seater flange 835 engages the proximal face of the distal
socket flange 825 and moves it in a distal direction as well,
thereby pulling the socket 815 off the collet 810 and releas-
ing the exterior surface of the collet from the inner surface
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of the collet lumen 817. When the collet 810 is not engaged
by the socket 815 the collet may expand, and thus release the
K-wire traversing the lumen of the collet 812. It may also be
noted that the relative positions of the socket 815 and the
socket seater 830 as depicted in FIG. 8C may result in the
return spring 850 expanding to its original dimensions as
depicted in FIG. 7.

[0049] It may be appreciated that the cycling of the
latching arm among the three states may depend on inter-
actions between the pin and the closed-loop track. FIG. 9
depicts an expanded view of one embodiment of the pin and
closed loop track. As depicted in FIG. 9, the pin 955 may
have one end in contact with the closed-loop track 960 and
a second end in contact with the latching arm. The pin 955
may be constrained to travel in a single direction around the
closed-loop track 960 as indicated by arrows E. The closed-
loop track 960 may comprise a plurality of track segments
962a-¢. Each of the track segments 962a-¢ may be inde-
pendently chosen from a straight segment (such as 962a,
962b, and 962¢) and a curved segment (such as 962¢ and
962d). In the non-limiting configuration depicted in FIG. 9,
at least one of the track segments 962¢ may comprise a
rising ramp on which the pin 955 may move in an orthogonal
direction to a plane defined by the track. The pin 955 may
be constrained in the closed-loop track 960 by the latching
arm. In one non-limiting example, the latching arm may
comprise a flexure configured to apply a force to the pin 955
in the orthogonal direction. When the pin 955 is located at
the intersection between tracks 962a and 962¢, a proximal
force applied to the pin by the latching arm can only direct
the pin down track 962a because the cut-off 964 of the ramp
962¢ may not permit the first end of the pin 955 to move
along track 962e.

[0050] An alternative example of the mechanical switch is
depicted in FIG. 10. As in FIG. 9, FIG. 10 depicts mechani-
cal switch comprising a closed-loop track 1060 and a pin
1055 having a first end disposed in the closed-loop track and
a second end in contact with a latching arm 1045. A leaf
spring 1075 may be releasably in contact with at least a
portion of a surface of the latching arm 1045. Additionally,
a torsional return spring 1070 may be disposed about a
latching arm axle 1047. The latching arm 1045 may pivot
about the latching arm axle 1047 in a clockwise or counter-
clockwise manner. As the latching arm 1045 moves to the
first latching arm state, the leaf spring 1075 may contact the
latching arm, biasing its motion in a counter-clockwise
manner through a restoring force, and thereby forcing the
latching arm to guide the pin 1055 to its first transitory state.
Once the latching arm 1045 is in its first state, the surface of
the latching arm may no longer contact the leaf spring 1075.
As the pin 1055 transitions to its first stable state, a rotational
force from the torsional return spring 1070 may drive the pin
to its first stable state. It may be appreciated that the
restoring force generated by the leaf spring 1075 may be
greater than the rotational force generated by the torsional
return spring 1070 to the latching arm through the latching
arm axle.

[0051] The hammer drill attachment may also include a
transmission mechanism, as depicted in FIG. 11. The trans-
mission mechanism may comprise a housing 1110, a proxi-
mal toothed plate 1120 disposed within the housing and
including a body having a distal side comprising a plurality
of teeth, and a distal toothed plate 1130 disposed within the
housing and including a body having a proximal side
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comprising a plurality of teeth configurable to engage the
plurality of teeth of the proximal toothed plate. The proximal
toothed plate 1120 may comprises a number of teeth equal
to a number of teeth of the distal toothed plate 1130. In some
non-limiting examples, the number of teeth of the proximal
toothed plate 1120 and the distal toothed plate 1130 may be
about 3 to about 8. Non-limiting examples of the number of
plate teeth in the proximal toothed plate 1120 and the distal
toothed plate 1130 may be about 3 teeth, about 4 teeth, about
5 teeth, about 6 teeth, about 7 teeth, or about 8 teeth.

[0052] The housing 1110 of the transmission mechanism
may be configured to axially constrain the distal toothed
plate 1130. Each tooth of the proximal toothed plate 1120
and each tooth of'the distal toothed plate 1130 may comprise
a riser side and a ramp side. Within the transmission
mechanism, a rotation of the proximal toothed plate 1120 in
a first direction may engage the plurality of teeth of the
proximal toothed plate with the plurality of teeth of the distal
toothed plate 1130. Alternatively, a rotation of the proximal
toothed plate 1120 in a second direction may transiently
disengage the plurality of teeth of the proximal toothed plate
from the plurality of teeth of the distal toothed plate 1130
and rotationally slide the plurality of teeth of the proximal
toothed plate with respect to the plurality of teeth of the
distal toothed plate. As the teeth of the proximal toothed
plate 1120 rotationally slide past the teeth of the distal
toothed plate 1130, the proximal toothed plate may alterna-
tively separate from the distal toothed plate and mechani-
cally engage the distal toothed plate, thereby imparting an
axial impact force to the distal toothed plate in a distal
direction as indicated by arrow A.

[0053] The transmission may further comprise a length-
wise adapter 1115 having a distal end configured to engage
the body of the proximal toothed plate 1120 and impart a
rotational motion thereto. The lengthwise adapter 1115 may
further comprise a proximal end configured to engage a
chuck of a drill (not shown). A hammer spring 1125 may be
disposed around an outer surface of the lengthwise adapter
1115 and may engage a proximal surface of the proximal
toothed plate 1120. The hammer spring 1125 may be con-
figured to compress when the plurality of teeth of the
proximal toothed plate 1120 disengage from the plurality of
teeth of the distal toothed plate 1130 during a rotation in the
second direction. The hammer spring 1125 may additionally
be configured to expand when the plurality of teeth of the
proximal toothed plate 1120 re-engage the plurality of teeth
of the distal toothed plate 1130. During the alternating
disengagement and engagement of the teeth of the proximal
toothed plate 1120 with the teeth of the distal toothed plate
1130, the hammer spring 1125 may alternately store and
deliver a spring force. The spring force may be delivered to
the distal toothed plate 1130 as a percussive axial force in the
distal direction.

[0054] The distal toothed plate 1130 may be configured to
axially receive a collet 1135 in a distal central structure
thereof In a non-limiting embodiment, a compliant spring
1145 may be disposed around the distal central structure of
the distal toothed plate 1130. The compliant spring 1145
may contact a distal side of the distal toothed plate 1130 on
a first compliant spring side, and an inner surface of the
housing 1110 on a second compliant spring side. In one
non-limiting example, the compliant spring 1145 may com-
prise a Belleville washer. The compliant spring 1145 may
provide a restoring force to the distal toothed plate 1130 as



US 2017/0164953 Al

the axial force generated by the hammer spring 1125 is
applied. It may be further understood that the compliant
spring 1145 may have a spring stiffness greater than that of
the hammer spring 1125. However, the hammer spring 1125
may compress over a larger distance than the compliant
spring 1145, thereby storing a greater amount of force to
deliver the percussive axial force to the collet 1135.
[0055] Additionally, the transmission mechanism depicted
in FIG. 11 may include additional compliance bearings 1140
mechanically coupled to the distal toothed plate 1130. Such
compliance bearings 1140 may serve to decouple the per-
cussive axial force delivered to the distal toothed plate 1130
from the housing 1110.

[0056] A drill attachment for a bi-direction drill may
incorporate the quick release mechanisms depicted in FIGS.
7-10 along with the transmission mechanism depicted in
FIG. 11 and as disclosed above. The drill attachment may
include a single housing to contain both the components of
the transmission mechanism and the quick-release mecha-
nism. The transmission mechanism may be configured to
rotate or apply a percussive distal axial force to a collet that
is common to the quick-release mechanism.

[0057] A surgical drill kit may include a bi-directional
cannulated surgical drill and a drill attachment. The drill
attachment may incorporate the quick release mechanisms
depicted in FIGS. 7-10 along with the transmission mecha-
nism depicted in FIG. 11 and as disclosed above. The drill
attachment may include a single housing to contain both the
components of the transmission mechanism and the quick-
release mechanism. The transmission mechanism may be
configured to rotate or apply a percussive distal axial force
to a collet that is common to the quick-release mechanism.

EXAMPLE 1

Cannulated Hammer Drill Attachment

[0058] A hammer drill attachment 30 as shown in FIG. 2
and constructed as shown in the exploded view of FIG. 3 has
a housing 40 that has an attachment portion 42 which is
configured to be attached to a drill, such as drill 10 of FIG.
1. The attachment portion 42 is configured to enable the
attachment 30 to be used for various models of drills 10. The
attachment 30 has an input shaft 34 that engages with the
drive of the drill and an output shaft 35 coaxial with the input
shaft. A collet 33 is provided on the output shaft 35 to
connect the output shaft with a drill wire. The shafts are
cannulated for passage of a surgical drill wire therethrough
to enable the attachment to be used with cannulated surgical
drills. The attachment 30 is configured with a transmission
arrangement that allows the output shaft 35 to rotate only in
one direction upon rotation of the input shaft 34 in a first
direction. Upon rotation of the input shaft 34 in the opposite
direction, the transmission converts the rotation into a ham-
mering action to produce a hammering action at the output
shaft 35.

EXAMPLE 2

Surgical Drill Kit

[0059] A surgical drill kit may include a cannulated sur-
gical drill such as drill 10 of FIG. 1. A cannulated hammer
drill attachment 30 may be included as part of the kit, and
various other optional attachment devices may also be
included, such as keyless chucks, quick-connect drill attach-
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ments, reamers, sagittal saws, and reciprocating saws. In
addition to any attachment devices, device accessories may
also be included such as rechargeable batteries, saw blades,
and drill bits, and may include drill wires, such as various
gauges of Kirschner wires 12 of FIG. 1 and/or a drill wire
50 of FIG. 5. Kits may be sold as prepackaged assortments
of contents, or may be custom ordered to create a kit that
meets the needs of a particular surgeon.

EXAMPLE 3

Surgery for Repair of Pelvic Fractures

[0060] An incision of approximately 3 cm will be made in
a patient at a location from which the surgeon wishes to
approach the broken bone. Upon exposing the bone, the
surgeon will drill a first hole through the outer cortical bone
using a surgical drill (such as drill 10 of FIG. 1) equipped
with a standard drill chuck and an appropriate drill bit. The
hole will be drilled using the forward drill rotation button to
drill into the bone. The standard drill chuck will be removed,
and a cannulated hammer drill attachment 30 will be affixed
to the drill via the attachment portion 42 of the housing 40.
A K-wire (50 of FIG. 5) having a diameter of about 1.5 mm
and a sharpened tip of about 10 mm disposed at an angle A
of about 30° from the axis of the wire will then be inserted
through the cannula of the drill and hammer drill attachment.
[0061] A fluoroscope will be used to track progress of the
wire through the bone. The bent and sharpened tip will be
inserted into the drilled hole and directed in a first direction
in which it is desired to form a curved hole. The surgeon will
press the reverse rotation button and produce a hammering
output to drive the tip and wire into the cancellous bone to
divert the hole in the first direction. Upon reaching a
satisfactory extent of curvature of the hole in the desired first
direction and wishing to then proceed in a straight path, the
surgeon will rotate the tip 180° from the first direction and
hammer drive the wire into the bone approximately another
0.5 cm to 1 cm. The tip will again be rotated 180° back to
its original direction and advanced by hammering another
approximately 0.5 cm to 1 cm. This back and forth reversal
of direction will be repeated until an approximately straight
hole of a desired length is achieved. Further curvature,
and/or straight path segments will be made as needed in the
manner as discussed above to produce a bore within the bone
in a desired position for receipt of a fixation anchor therein.
[0062] The K-wire will be left in place, and the curved
bore established by the K-wire will be enlarged to about 10
mm diameter by placing a cannulated reamer having a
flexible cannulated drive shaft on the K-wire. With visual-
ization provided by the fluoroscope, the reamer will be
advanced along the K-wire to approximately the bent tip of
the wire. The reamer and wire will be withdrawn leaving an
open 10 mm diameter bore through the bone. A fixation
device, such as the device 200 as illustrated in FIGS. 6A and
6B, having a corresponding diameter will be inserted into
the bore. The device 200 will include a flexible tube 205, a
stiffening mechanism 210, an actuator 215, and a threaded
screw anchor portion 235.

[0063] The anchor portion 235 will be threaded into the
bone at the end of the bore to anchor the device 200 in place.
The flexible tube 205 will have a distal end 2054 and a
proximal end 2054. The flexible tube 205 will include a
plurality of slits, such as 206, in an outer housing configured
to allow the flexible tube to flex. The flexible tube 205 will
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comprise stainless steel and/or nitinol. The stiffening mecha-
nism 210 will be located within the flexible tube 205 and
will be configured to cause the flexible tube to become rigid.
The stiffening mechanism 210 will include a plurality of
expansion sleeves 240 abutting one another at joints 225.
The sleeves 240 will be actuated by rotation of the actuator
215 to expand the sleeves to abut an interior surface of the
flexible tube 205 thereby causing the tube to become rigid.
A locking assembly 230 will then be engaged with the cap
220 to retain the system in a rigid locked configuration to
hold the bone fragments in place.

[0064] This disclosure is not limited to the particular
systems, devices and methods described, as these may vary.
The terminology used in the description is for the purpose of
describing the particular versions or embodiments only, and
is not intended to limit the scope.

[0065] Inthe above 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 illustra-
tive embodiments described in the detailed description,
drawings, and claims are not meant to be limiting. Other
embodiments may be used, and other changes may be made,
without departing from the spirit or scope of the subject
matter presented herein. It will be readily understood that the
aspects of the present disclosure, as generally described
herein, and illustrated in the Figures, can be arranged,
substituted, combined, separated, and designed in a wide
variety of different configurations, all of which are explicitly
contemplated herein.

[0066] The present disclosure is not to be limited in terms
of the particular embodiments described in this application,
which are intended as illustrations of various aspects. Many
modifications and variations can be made without departing
from its spirit and scope, as will be apparent to those skilled
in the art. Functionally equivalent methods and apparatuses
within the scope of the disclosure, in addition to those
enumerated herein, will be apparent to those skilled in the art
from the foregoing descriptions. Such modifications and
variations are intended to fall within the scope of the
appended claims. The present disclosure is to be limited only
by the terms of the appended claims, along with the full
scope of equivalents to which such claims are entitled. It is
to be understood that this disclosure is not limited to
particular methods, reagents, compounds, compositions or
biological systems, which can, of course, vary. It is also to
be understood that the terminology used herein is for the
purpose of describing particular embodiments only, and is
not intended to be limiting.

[0067] As used in this document, the singular forms “a,”
“an,” and “the” include plural references unless the context
clearly dictates otherwise. Unless defined otherwise, all
technical and scientific terms used herein have the same
meanings as commonly understood by one of ordinary skill
in the art. Nothing in this disclosure is to be construed as an
admission that the embodiments described in this disclosure
are not entitled to antedate such disclosure by virtue of prior
invention. As used in this document, the term “comprising”
means “including, but not limited to.”

[0068] While various compositions, methods, and devices
are described in terms of “comprising” various components
or steps (interpreted as meaning “including, but not limited
t0”), the compositions, methods, and devices can also “con-
sist essentially of or “consist of the various components and
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steps, and such terminology should be interpreted as defin-
ing essentially closed-member groups.

[0069] With respect to the use of substantially any plural
and/or singular terms herein, those having skill in the art can
translate from the plural to the singular and/or from the
singular 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.

[0070] 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
limited to,” 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 following 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 introduc-
tion of a claim recitation by the indefinite articles “a” or “an”
limits any particular claim containing such introduced claim
recitation to embodiments containing only one such recita-
tion, 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 be
interpreted to mean “at least one” or “one or more”); the
same holds true for the use of definite articles used to
introduce claim recitations. In addition, even if a specific
number of an introduced claim recitation is explicitly
recited, those skilled in the art will recognize that such
recitation should be interpreted to mean at least the recited
number (e.g., the bare recitation of “two recitations,” with-
out other modifiers, 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 understand 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 possibilities of including one of the terms,
either of the terms, or both terms. For example, the phrase
“A or B” will be understood to include the possibilities of
“A” or “B” or “A and B.”

[0071] In addition, where features or aspects of the dis-
closure are described in terms of Markush groups, those
skilled in the art will recognize that the disclosure is also
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thereby described in terms of any individual member or
subgroup of members of the Markush group.

[0072] As will be understood by one skilled in the art, for
any and all purposes, such as in terms of providing a written
description, all ranges disclosed herein also encompass any
and all possible subranges and combinations of subranges
thereof. Any listed range can be easily recognized as suffi-
ciently describing and enabling the same range being broken
down into at least equal halves, thirds, quarters, fifths,
tenths, etc. As a non-limiting example, each range discussed
herein can be readily broken down into a lower third, middle
third and upper third, etc. As will also be understood by one
skilled in the art all language such as “up to,” “at least,” and
the like include the number recited and refer to ranges which
can be subsequently broken down into subranges as dis-
cussed above. Finally, as will be understood by one skilled
in the art, a range includes each individual member. Thus,
for example, a group having 1-3 cells refers to groups having
1, 2, or 3 cells. Similarly, a group having 1-5 cells refers to
groups having 1, 2, 3, 4, or 5 cells, and so forth.

[0073] Various of the above-disclosed and other features
and functions, or alternatives thereof, may be combined into
many other different systems or applications. Various pres-
ently unforeseen or unanticipated alternatives, modifica-
tions, variations or improvements therein may be subse-
quently made by those skilled in the art, each of which is
also intended to be encompassed by the disclosed embodi-
ments.

What is claimed is:

1. A quick-release mechanism for a collet, the mechanism
comprising:

a socket configured to receive the collet in a collet lumen,

the socket comprising:

a proximal socket flange, and

a distal socket flange distal to the proximal socket
flange;

a socket seater comprising:

a socket lumen configured to receive the socket,
wherein the socket lumen is co-axial to the collet
lumen,

a socket seater flange disposed between the proximal
socket flange and the distal socket flange, and

a socket seater stub;

a return spring disposed on an exterior surface of the

socket seater; and

a latching arm in contact with the socket seater stub, the

latching arm having a first state, a second state, and a

third state, wherein the latching arm moves in a direc-

tion under a force with the return spring.

2. The mechanism of claim 1, wherein the socket seater
flange, when the latching arm is placed in the first state, is
configured to move the proximal socket flange in a proximal
direction, thereby securing an exterior surface of the collet
against an inner surface of the collet lumen.

3. The mechanism of claim 2, wherein the return spring is
compressed when the proximal socket flange is moved in the
proximal direction.

4. The mechanism of claim 1, wherein the socket seater
flange, when the latching arm is placed in the third state, is
configured to move the distal socket flange in the distal
direction, thereby releasing an exterior surface of the collet
from an inner surface of the collet lumen.
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5. The mechanism of claim 4, wherein the return spring
expands when the distal socket flange is moved in the distal
direction.

6. The mechanism of claim 1, further comprising:

a handle in contact with the latching arm at a first end of

the latching arm; and

a mechanical switch in contact with the latching arm at a
second end of the latching arm, wherein the mechanical
switch is configured to be placed sequentially into a
first stable state, a second stable state, a first transitory
state, and a second transitory state.

7. The mechanism of claim 6, wherein the first transitory
state and the second transitory state place the latching arm
transiently in the first latching arm state.

8. The mechanism of claim 6, wherein the mechanical
switch comprises a pin and a closed-loop track, wherein the
track is configured to receive a first end of the pin, and the
latching arm is configured to receive a second end of the pin,
wherein the pin is constrained to travel in a single direction
around the closed-loop track.

9. The mechanism of claim 8, wherein the closed-loop
track comprises a plurality of track segments, and the
latching arm is a flexure configured to apply a force to the
pin in the orthogonal direction.

10. The mechanism of claim 8, further comprising a
torsional spring in contact with a latching arm axle config-
ured to apply a rotational force to the latching arm, and a leaf
spring releasably in contact with at least a portion of a
surface of the latching arm and configured to apply a
restoring force to the latching arm.

11. The mechanism of claim 10, wherein the restoring
force is greater than the rotational force applied by the
torsional return spring to the latching arm through the
latching arm axle.

12. The mechanism of claim 1, wherein an inner surface
of the collet lumen is textured.

13. A transmission mechanism, comprising:

a housing;

a proximal toothed plate disposed within the housing and
comprising a body having a distal side comprising a
plurality of teeth; and

a distal toothed plate disposed within the housing and
comprising a body having a proximal side comprising
a plurality of teeth configurable to engage the plurality
of teeth of the proximal toothed plate, wherein:

the housing axially constrains the distal toothed plate,

each tooth of the proximal toothed plate and each tooth
of the distal toothed plate comprises a riser side and
a ramp side,

a rotation of the proximal toothed plate in a first
direction engages the plurality of teeth of the proxi-
mal toothed plate with the plurality of teeth of the
distal toothed plate, thereby imparting a rotational
force to the distal toothed plate, and a rotation of the
proximal toothed plate in a second direction disen-
gages the plurality of teeth of the proximal toothed
plate from the plurality of teeth of the distal toothed
plate and rotationally slides the plurality of teeth of
the proximal toothed plate with respect to the plu-
rality of teeth of the distal toothed plate, thereby
imparting an axial impact force to the distal toothed
plate,
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a lengthwise adapter having a distal end configured to
engage the proximal toothed plate body and impart a
rotational motion thereto,

a hammer spring disposed around an outer surface of the
lengthwise adapter and engaging a proximal surface of
the proximal toothed plate, the hammer spring being
configured to compress when the proximal toothed
plate disengages the plurality of teeth of the proximal
toothed plate from the plurality of teeth of the distal
toothed plate during a rotation in the second direction,

wherein the lengthwise adapter further comprises a proxi-
mal end configured to engage a chuck of a drill.

14. The mechanism of claim 13, wherein the hammer
spring is configured to expand when the plurality of teeth of
the proximal toothed plate re-engages the plurality of teeth
of the distal toothed plate, thereby delivering a percussive
axial force to the distal toothed plate.

15. The mechanism of claim 13, wherein the proximal
toothed plate comprises a number of teeth equal to a number
of teeth of the distal toothed plate.

16. The mechanism of claim 15, wherein the proximal
toothed plate and the distal toothed plate each comprise
about three teeth to about eight teeth.

17. The mechanism of claim 13, wherein the distal
toothed plate is configured to axially receive a collet in a
distal central structure thereof, further comprising a com-
pliant spring disposed around the distal central structure and
contacting a distal side of the distal toothed plate on a first
compliant spring side and an inner surface of the housing on
a second compliant spring side, wherein the compliant
spring comprises a Belleville washer.

18. A surgical drill kit comprising:

a bi-directional cannulated surgical drill; and

a drill attachment comprising:

a housing,

a lengthwise adapter comprising a proximal end con-
figured to engage a chuck of the bi-directional drill,

atransmission mechanism configured to engage a distal
end of the lengthwise adapter, comprising:

a proximal toothed plate disposed within the housing
and comprising a body having a distal side thereof
comprising a plurality of teeth; and

a distal toothed plate disposed within and axially
constrained by the housing and comprising a body
having a proximal side comprising a plurality of
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teeth configurable to engage the plurality of teeth

of the proximal toothed plate,

wherein:

each tooth of the proximal toothed plate and each
tooth of the distal toothed plate comprises a
riser side and a ramp side,

a rotation of the proximal toothed plate in a first
direction engages the plurality of teeth of the
proximal toothed plate with the plurality of
teeth of the distal toothed plate, thereby impart-
ing a rotational force to the distal toothed plate,
and

a rotation of the proximal toothed plate in a second
direction disengages the plurality of teeth of the
proximal toothed plate from the plurality of
teeth of the distal toothed plate and rotationally
slides the plurality of teeth of the proximal
toothed plate with respect to the plurality of
teeth of the distal toothed plate, thereby impart-
ing an axial impact force to the distal toothed
plate;

a collet contacting a distal portion of the distal toothed
plate, and
a quick-release mechanism for the collet comprising:
a socket configured to receive the collet in a collet
lumen, the socket comprising:

a proximal socket flange, and

a distal socket flange distal to the proximal socket
flange; a socket seater comprising:

a socket lumen configured to receive the socket, a
socket seater flange disposed between the
proximal socket flange and the distal socket
flange, and

a socket seater stub;

a return spring disposed on an exterior surface of
the socket seater; and

a latching arm in contact with the socket seater
stub, the latching arm having a first state, a
second state, and a third state.

19. A surgical drill kit of claim 18, further comprising
separate push buttons to control the direction of the cannu-
lated surgical drill movement.

20. A surgical drill kit of claim 18, further comprising a
unidirectional bearing, wherein the unidirectional bearing
aids in creating an axial hammering movement.
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