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TRACKED POWERED DRILL ASSEMBLY

FIELD
[0001] The present disclosure relates to a powered drill, and particularly to a

powered drill that 1s configured to be tracked.

BACKGROUND

[0002] During selected procedures, a motor may be provided to power a drill
motor that powers a tool, such as a tool that has a tool tip or working end. For
example, the tool may be rotated at a selected velocity, such as about 100 rotations per
minute (RPM) to about 10,000 RPM. The tool interconnected with the motor may be
connected to a drive shaft configured to be powered by the motor to rotate. A
procedure may then be carried out with the tool tip while rotating when powered by the
motor.

[0003] During a selected procedure, such as a surgical procedure, the user of
the tool (e.g. a surgeon) may need to rely solely on visual cues and experience for
determining a location of the tool tip. During a procedure, at least a working end of a
tool may be hidden from direct view or complete direct view of the user. Thus, an open

experience may be required to properly perform a procedure.

SUMMARY

[0004] This section provides a general summary of the disclosure, and 1s not a
comprehensive disclosure of Its full scope or all of its features.

[00035] A powered drill may be provided to perform a procedure by a user. The
powered drill may be powered In any appropriate manner, such as a pneumatic power,
electrical power, or other appropriate power system to rotate at selected and/or
selectable speeds Iincluding about 100 RPM to about 100,000 RPM, including about
75,000 RPM. The powered drill may power a tool for performing a procedure on a
selected object, such as a human patient, or other appropriate subject. The powered
drill may be powered to rotate the tool, such as for drilling, forming a burr hole, or the
like.

[0006] During the procedure, the subject may have a predefined location or

portion for having a procedure performed thereon. For example, a skull of a patient
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may be selected to have a burr hole formed therein. The location, size, etc. of the burr
hole may be predefined during a planning procedure. The power drill may be operated
to form the burr hole In the selected portion of the subject. Providing the powered drill
to be tracked relative to an image of the subject, such as with a selected navigation
system, may assist the user in determining or 1dentifying the predetermined or selected
location for performing a procedure on the subject. The navigation may also allow the
user to see In real time a tracked location of the tool tip. Accordingly, the powered drill
may have a tracking device associated (e.g., connected) thereto and a tool, including a
working end, tracked relative to the tracking device.

[0007] Further areas of applicability will become apparent from the description
provided herein. The description and specific examples In this summary are intended
for purposes of Illustration only and are not intended to Iimit the scope of the present

disclosure.

DRAWINGS
[0008] The drawings described herein are for Illustrative purposes only of
selected embodiments and not all possible implementations, and are not intended to

limit the scope of the present disclosure.

[0009] Fig. 1 Is an environment view of a tracked motorized assembly;

[0010] FiIg. 2 Is an exploded schematic view of a powered drill assembly;

[0011] Fig. 3 Is an exploded view of a tracking assembly and the powered drill
assembly;

[0012] FIg. 4 1s an exploded view of a secondary locking mechanism of an

attachment to a collet, according to various embodiments;

[0013] Fig. 5 IS a detalled partial cross-sectional view of the secondary locking
mechanism unengaged from the attachment;

[0014] Fig. © Is a detalled partial cross-sectional view of the secondary locking
mechanism engaged to the attachment;

[0015] Fig. 7 IS a perspective view of a secondary locking mechanism of an
attachment and a collet, according to various embodiments;

[0016] Fig. 8 Is a detailed partial cross-sectional view of the secondary locking

mechanism unengaged from the collet;
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[0017] Fig. 9 Is a detalled partial cross-sectional view of the secondary locking
mechanism engaged to the collet;

[0018] Fig. FIg. 10A Is a perspective view of an attachment at a first orientation
relative to a drill motor having secondary locking mechanism, according to various
embodiments:; and

[0019] Fig. 10B I1s a perspective view of an attachment at a second orientation
relative to a drill motor having secondary locking mechanism, according to various
embodiments.

[0020] Corresponding reference numerals Indicate corresponding parts

throughout the several views of the drawings.

DETAILED DESCRIPTION

[0021] Example embodiments will now be described more fully with reference to
the accompanying drawings.

[0022] Fig. 1 1s an environmental view of an instrument, such as a powered drill
assembly 10, being used by a user 11, to perform a procedure on a subject (e.g. a
patient) 12. The powered drill assembly 10 may be powered to rotate a motor and/or a
tool at selected and/or selectable speeds including about 100 RPM to about 100,000
RPM, including about 200 RPM to about 75,000 RPM. In various embodiments, the
powered drill assembly 10 may include a powered dissection tool 170 for performing a
select procedure, such as forming a burr hole In a cranium 14 of the patient 12. It is
understood, however, that the powered drill assembly 10 may be used for performing
other procedures such as a removal of material relative to a nasal cavity of the subject
12 or other appropriate procedure. Further, the powered drill assembly 10 may be used
for various other procedures, Including spinal procedures, orthopedic procedures, etc.
For example, the powered drill assembly 10 may be operated to remove a portion of a
vertebra In a selected procedure, Including a laminectomy procedure or other
appropriate spinal procedure. Further, it I1Is understood that the powered drill assembly
10 may be used to perform a procedure on a non-living subject such as to drill a hole In
an airframe, an automotive frame, or the like. Accordingly, the powered drill assembly
10 1s not required to be used with a living subject, such as a human patient.

[0023] The powered drill assembly 10 may Include a motorized drill that Is

tracked and/or navigated relative to the subject 12 according to various systems and/or
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procedures. For example, a tracking system, as discussed further herein, may include
a tracking device 26 that may be connected to the powered drill assembly 10 to track a
location of a tool relative to the subject 12, such as the cranium 14. Appropriate
tracking systems include those disclosed in U.S. Patent No. 8,842,893, incorporated
herein by reference. It I1s understood that image data may be acquired of the subject 12
to create images, as discussed herein. To acquire the image data imaging systems
(not Illustrated) may be used prior to beginning a procedure or after a procedure has
begun, the procedure may Include operation of the powered drill 10. The imaging
systems may include those disclosed In U.S. Pat. Nos. 7,188,998;: 7,108,421
7,106,825; 7,001,045; and 6,940,941, all of which are incorporated herein by reference.
Other possible imaging systems can include C-arm fluoroscopic imaging systems which
can also generate three-dimensional views of the patient 12.

[0024] The tracking system may be a part of a navigation system to assist In
performing selected procedures, such as a surgical procedure on the subject 12, and
may Include those as generally known in the art. For example, navigation systems may
INclude those as disclosed In U.S. Patent Nos. 5,772,594: 5913,820; 5592 939
5,983,126; 7,7/51,865; and 8,842,893 and those disclosed in U.S. Pat. App. Pub. Nos.
2004/01990/72 and 2010/0228117, all incorporated herein by reference. Tracked
locations may be displayed on images or relative to images due to registration of a
location of a subject or real space to an image space, also as disclosed In the U.S.
patents and publications as incorporated above. Further, tracking systems may include
the Stealth Station® Trion™ tracking system, Stealth Station® lon™ tracking system,
Stealth Station® S/7® tracking system, and AXIEM™ tracking system, all sold by
Medtronic Navigation, Inc.

[0025] The tracking systems may Include various features such as an optical
tracking systems, EM tracking systems, ultrasonic tracking systems, or the like.
Nevertheless, as illustrated in Fig. 1, for example, a tracking system may include one or
more |ocalizers such as an optical localizer 20 that includes one or more cameras 22
that may detect or “view" the tracking device 26 connected to the power drill 10. The
localizer 20 including the cameras 22 may emit a selected radiation, such as infrared
radiation, that Is reflected by one or more trackable portions 30 that are associated with
the tracking device 26. The trackable portions 30 may be viewed by the cameras 22
and a signal may be transmitted to a navigation processor unit 40. The navigation

processor unit 40 may Include various features, such as a navigation probe Interface
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(NPI), as discussed further herein. The navigation processor unit 40 may also include a
coll array controller (CAC) for various types of tracking systems. Various features such
as the NPI, the CAC, or other portions may be provided as separate units from the
navigation processor unit 40 or separate modules for interacting with various portions of
the navigation system, as Is generally known in the art.

[0026] Nevertheless, the localizer 20 may communicate with the navigation
processor unit 40 via a selected communication line 44. The communication line 44
may be a wired or a wireless communication with the navigation processor unit 44. The
navigation processor unit 40 may communicate with a selected system, such as a
workstation, a terminal, or the like that includes a display system or display module 50
having a display screen 52 and one or more user inputs 54. The user inputs 54 may
INclude a keyboard, a mouse, a touch screen, or other tactical input. Further inputs
may also include a foot switch, verbal inputs, visual inputs, or the like.

[0027] The display device 50 may display an image 56 of a portion of the subject
12, such as the cranium 14. The image 56 may be based on or generated with image
data acquired with an imaging system as discussed above. Displayed relative to the
Image 56 and/or superimposed on the image 56 of the patient 12 may be an icon 58
that displays a location of the powered drill assembly 10, including the tool 170, relative
to the subject 12. The position of the powered drill assembly 10, or a portion thereof,
relative to the subject 12 may be determined by registering the powered drill assembly
10 relative to the subject 12 and thereafter tracking the location of the powered drill
assembly 10 relative to the subject 12. Various registration and tracking techniques are
known, such as those discussed above, and are not repeated here. Nevertheless, a
patient tracking device 62 may be associated with the patient 12, such as connected to
the cranium 14.

[0028] Tracking systems may also Include electromagnetic tracking systems
INcluding an electromagnetic tracking array, such as a coll array 70. The coll array 70
may Include one or more coll elements 72 that emit and/or receive an electromagnetic
signal from an electromagnetic (EM) tracking devices such as a patient tracking device
/4 assoclated and/or connected to the patient 12 or a tracking device /6 connected to
the power drill 10. The coll array /0 may communicate with navigation processes unit
40 via a communication line 78 similar to the communication line 44 from the localizer
device 20 to the navigation processor unit 40. Further, each of the tracking devices

may communicate with the navigation processing unit 40 via selected communication
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lines such as communication line 80 so that a position of the selected tracking devices,
INncluding tracking device 20 and tracking device 62 may be determined with a
navigation processing unit 40. It 1s understood that one or more than one tracking
system may be used simultaneously and/or serially during the selected procedure.
[0029] As discussed above, registration of the powered drill assembly 10 relative
to the subject 12 may be made at a selected point in a procedure. The image 56 may
then be displayed on the display screen 52 and a tracked location of the powered drill
assembly 10 may be displayed as the icon 58 relative to the image 56. The icon 58
may be superimposed on the image 56 to display a location of at least a selected
portion of the powered drill assembly 10, such as a distal end, of the tool 1/0 powered
by the powered drill assembly 10. The location may be determined and/or calculated
by the navigation processing unit 40 and communicated to the display device 50 via a
selected communication line, such as communication line 86. The communication line
86 may be a wired or wireless or other appropriate communication line. Further, it Is
understood that the navigation processor unit may include various features such as a
selected processor (e.g., an application specific integrated circuit (ASIC), general
purpose processor or the like). The navigation processor unit 40 may also Iinclude a
memory system (e.g. non-transitory memory systems Including spinning hard disks,
non-volatile solid state memory, etc.) that includes selected instructions, such as those
to perform the tracking, registration, superimposing of the icon 58 on the image 56, or
the like. Therefore the determined location of the powered drill assembly 10 (for
example the selected portion of the powered drill assembly 10, as discussed further
herein), may be displayed relative to the subject 12 by the icon 58 relative to the image
o56. The user 11 may then be able to view the display device to view and/or
comprehend the specific location of the selected portion of the powered drill assembly
10 relative to the subject 12 by viewing the display 52.

[0030] With additional reference to Fig. 2 the powered drill assembly 10 may
INnclude various components which may Include a motor housing 100 of a motor
assembly or component. The motor component may Iinclude an appropriate motor
component such as the LEGEND MR7® and/or LEGEND EHS STYLUS® motor
systems, sold by Medtronic, Inc. The motor component may include a motor 101 that Is
powered such as a pneumatic powered, such as the LEGEND MR7® motors although

other power motors or drives may be used such as electric power motors LEGEND
EHS STYLUS® motors. The motor 101 may drive a motor drive shaft 103.
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[0031] The power may be provided to the motor assembly via a power line 110
that Is connected with a power source 112 via a connector 114. The power source 112
may be any appropriate power source such as the IPC® integrated power system, sold
by Medtronic, Inc. It Is understood, however, that the motor component may be any
appropriate motor assembly such as one powered by electronic power, or other
appropriate power supply. Therefore, the pneumatic power drill iIs not intended to limit
the subject disclosure or the pending claims. Moreover, the motor component may
iInclude those disclosed in U.S. Patent Nos. 7,011,661 or 7,001,391, both incorporated
herein by reference.

[0032] The motor housing 100 may Include a connector 120 that has a threaded
portion, such as an Internal thread 124. The threaded portion 124 may threadably
engage a collet assembly 140 that includes a driveshaft 143 (within a collet housing
220 (Fig. 3)). The collet drive shaft 143 may engage to be driven by the motor
driveshaft 103. The collet drive shaft may then engage the tool 170 and or a secondary
drive shaft, such as a shaft within an attachment.

[0033] The collet assembly 140 may include a motor housing connector 144 that
has external threads 146 to engage the internal threads 124. Thus, the collet assembly
140 may threadably and securely engage the motor body and housing 100. Generally,
the collet assembly 140 is axially and rotationally secured relative to the motor housing
100 with the threaded engagement and/or other appropriate connections. The
threaded connection may form at least a first connection or locking system of the collect
assembly to the motor housing and the tracking device 26. Other appropriate
connections to secure the collet 140 to the motor housing 100 both axially and
rotationally may also be used, such as brazing, bayonet locking systems, etc. The first
locking system, however, rotationally and axially rigidly fixes the collet 140 to the motor
housing 100. In securing the collet assembly 140 to the motor housing 100 the collet
drive shaft may be driveably connected to a motor drive shaft (not specifically
llustrated), thus when the motor Is powered the collet drive shaft may rotate to drive the
tool 170.

[0034] The powered drill assembly 10 may further Include an attachment
connection portion 160. The attachment connection portion 160 may allow a
connection of an attachment 162. The attachment 162 may include a surface and/or
bearing portion that assists in supporting the tool 170. It Is understood by one skilled In

the art that the tool 170 may include more than one tool member and may Iinclude a kit
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of tools. The attachment 162 may not be required to be connected to the collet 140, but
may be selected for various tools. Further, the attachment 162 may include various
additional features, such as allowing for an angled connection of the tool 170 to the
drive shaft assembly. The tool 170 may be any appropriate selected tool such as a drill
bit, a burr, a driver, etc. Further, the tool 170 may include a drive shaft engaging end
172 (that may be a proximal end), a working end 174 (that may include a driver, bit,
etc.), and a shaft 1/6 extending between the two ends 172, 174.

[0035] With additional reference to Fig. 3, the powered drill assembly 10 iIs
llustrated In further detail. The powered drill assembly 10 may include the drill motor
housing 100 and the connection 120. Further, as discussed above, the tracking device
26 may be connected to the drill motor housing 100 or form a part of the housing. The
tracking device 26 may be connected to the arill motor housing 100 with a connector or
stand 180. The connector 180 may Include a ring or annular member 182 that includes
an Internal circumference or surface 184 that slides over and fixedly and rigidly
engages an external surface 186 of a portion of the drill motor housing 100. The
connection of the internal surface 184 with the external surface 186 may fixably engage
the connector 180 with the motor housing 100 both axially and/or rotationally. In other
words, the connector 180 prevents rotation and/or axial motion of the tracking device
relative to the motor housing 100.

[0036] An array member 190 may be connected to the connector 180 with
various fixation portions. For example, a fixation screw 192 may be threaded through a
through bore 194 Into a threaded receiving bore 196 In the connector 180. Additional
anti-rotation or fixation pins 198 and 200 may be provided to interconnect the array 190
with the connector 180. Therefore, the array 190 may be fixably and rigidly connected,
both axially and rotationally, relative to the connector 180. This allows the array 190 to
be fixably connected to the motor housing 100 both axially and rotationally.

[0037] The array, having trackable portions 30 thereon, Is fixedly and rigidly
connected to the housing 100. This allows for accurate tracking of the powered drill
assembly 10, as discussed herein. Further, the connector 180 may be offset or have a
curve to assist in placing the trackable portions away from the operating portion of the
powered drill 10 and Iin view of the localizer 20.

[0038] Further, as discussed above, various trackable markers or portions 30
may be interconnected with the array 190. The markers 30 may be passive reflectors

and/or active emitters to be viewed by the localizer 20. The markers 30 may be
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connected with the array 190 via one or more pins 210. The pins 210 may be fixed Iinto
the array 90 In one or more bores 212. The bores may receive the pins 210 via a taper
fit, an interference fit, a threaded connection, an adhesive, or other appropriate fixation.
The trackable portions 30 may then be fixed to the pins 210, such as via a snap or
Interference fit. In this way the trackable portions 30 are fixed relative to the array 190
through the pins 210 both axially and rotationally.

[0039] The trackable portions 30 may be portions that are viewed with cameras
22. It 1s understood, however, that the trackable portions may be EM tracking devices
/6 that are tracked with the EM localizer /0. Thus, the tracking device 26 and/or the
tracking device /6 may be fixed to the motor housing 100. Further, It Is understood that
other fixation mechanisms may be provided to fix the tracking devices 26, 76 to the
motor housing 100. For example, the tracking device /6 may be formed In or to the
housing 100 such as by molding and/or welding. In other words, the tracking device 26,
/6 may be formed as one unitary piece with the housing 100. Further, the connector
180 may be formed as one unitary piece with the housing 100.

[0040] By fixing the tracking device 26, /6 both axially and rotationally relative to
the drill motor housing 100 a location (Including both a XYZ position and at least one or
yaw, pitch and roll orientation) may be determined. The tracking system, including the
navigation processor unit 40 may receive a signal from a selected localizer regarding
the tracking device 26 (and/or the tracking device 76) to determine the location of the
motor housing 100. As discussed herein the position of various portions connected to
the motor housing 100 may therefore be determined based upon a known location of
portions connected to the motor housing 100 relative to the tracking device 26.

[0041] Turning reference to Fig. 4, the collet assembly 140, according to various
embodiments, Is lllustrated. The collet assembly 140 may Include various Internal
components, such as the drive shaft, not illustrated here. It i1s understood that the
internal components may be similar to those included in the Legend Stylus® powered
motor assemblies sold by Medtronic, Inc. Therefore discussions of drive shaft details
will not be Included here. Nevertheless, the collet assemblies 140 may further include
various external components. For example, the collet assemblies may include a collet
housing 220 In which the various internal components may be positioned. The collet
housing 220 may also Include an external surface over which various components,
INncluding those discussed herein, may be positioned and moveable operated for

various purposes.
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[0042] As lllustrated In Fig. 4, the collet assembly 140 including the collet
housing 220 may Include a first D-ring 224 that may rotate around a longitudinal axis
226 of the collet housing 220. The D-ring 224 may include an arcuate exterior with at
least one flat region or portion 228. The flat portion 228, as discussed herein, may be
engaged by an Interior portion of the attachment 162 to rotate the first D-ring 224
between an unlocked and a locked position. The interior portion of the attachment 162
may Include a protrusion 380 (Fig. /) that extends from an Internal surface of the
attachment 162.

[0043] The collet assembly 140 may further include a second D-ring 232 that
may also Include an arcuate exterior surface and at least one flat portion 236. The
second D-ring 232 may be rotationally fixed relative to the collet housing 220 such that
It does not rotate relative to the longitudinal axis 226. The second D-ring 232, however,
may move axially along the axis 226, Further, a wave spring 240 may be positioned
between the second D-ring 232 and a locking portion, such as a snap ring 244. The
snap ring 244 may engage a portion of the collet housing 220, such as a groove formed
IN the collet housing 220, to hold the snap ring 244 axially relative to the second D-ring
232. The wave spring 240 may bias the second d-ring 232 towards the motor engaging
end 144 of the collet assembly 140.

[0044] As discussed herein, the attachment 162 may be fixed to the collet
assembly 140 by sliding 1t over the flat portions 236 and 228, when they are aligned,
and then rotating the attachment 162 to rotate at least the first D-ring 224 relative to the
second D-ring 232. The spring force of the wave spring 240 against the second D-ring
232 may assist In holding the attachment 162 In place on the collet assembly 140.
[0045] Further, rotation of the attachment 162 may rotate the first D-ring 224.
The attachment 162 may include an internal flat 380 (illustrated in Fig. /) that engages
the flat 228 of the first D-ring 224 to allow the attachment 162 to be rotated and rotate
the first D-ring 224. In rotating the first D-ring 224 one or more fixation pins 250 may be
moved In one or more J grooves 252. The pins 250, upon rotation of the first D-ring
224, may move In the J grooves 252 between a locked and an unlocked position. In
various embodiments, rotations of the moves the pins 250 to a biased position In the
locked position. Thus, an additional force to overcome the biased force Is required to
return the pins 250 (and therefore the attachment 162) to the original position. The
rotation of the attachment 162 that rotates the first D-ring 224 may also lock and/or

unlock internal components within the collet assembly 140. Therefore, the attachment
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162 may assist In locking and unlocking both the attachment 162 and/or components
within the collet assembly 140 such as the tool 170 positioned within the collet
assembly 140.

[0046] The collet assembly 140, as discussed above, may engage the
attachment 162. Also, as discussed above, the attachment 162 may be fixed to the
collet assembly, at least in an axial direction, via an interaction with the first D-ring 224
and the second D-ring 232 at least upon rotation of the first D-ring 224 relative to the
second D-ring 232. Upon releasing the attachment 162 the bias force of the wave
spring 240 on the second D-ring 232 will engage the attachment 162 towards the motor
attaching end 144 of the collet assembly. The attachment 162 may be rotationally held
by Interaction of the protrusion 380 with the flat 228 on the first D-ring 224.

[0047] The attachment 162 may be held axially relative to the collet 140 with the
iInteraction with the first or second D-rings 224, 232, as discussed above. This
connection (which may be a first attachment connection), however, may allow, due to
various manufacturing tolerances, wear, etc., an amount of rotation, such as about 1
degree to about 5 degrees, of the attachment relative to the collet assembly 140. A
supplemental or secondary locking system or feature 270, however, may also assist In
rotational fixation and rigidity of the attachment 162 relative to the collet assembly 140.
[00438] The secondary locking system 270 may iInclude, for example, various
components such as a collar 274 that Iis able to rotate around the longitudinal axis 226.
The collar 274 may be positioned over a portion, such as a collar accepting portion 276,
of the collet housing 220. The collar 274 may Include an internal helical groove 280
that may receive one or more locking balls 284. The balls 284 may be partially
recelved within the helical groove 280 and further received within a receiving bore or
depression 286 of a rotational locking member, such as a locking wedge 290. The
locking wedge 290 may Include a terminal end or distal end 292 that may move towards
the second D-ring 232, generally In direction of arrow 294 (Fig. 4 and Fig. 6), to engage
a rotational locking receiving seat or indent, such as a groove or depression 296 formed
IN an Internal surface or end of the attachment 162 and/or a ramp surface 295 on the
first D-ring 224.

[0049] Briefly, and discussed further herein with reference to Figs. 5 and 6, upon
rotation of the collar 274 In a first direction, the balls 284 engaged In the groove 280
may move towards the second D-ring 232 moving the wedges 290 towards the second

D-ring 232 and into the internal groove 296 of the attachment 162 and further to engage
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the ramp 295 of the first D-ring 224. When rotating the collar 274 in a second direction,
the balls 284 In the groove 280 may move In a second direction away from the second
D-ring 232 and, therefore, moving the wedges 290 away from the second D-ring 232
and out of the Iinternal groove 296. It I1s understood, that only one wedge 290 and
assoclated portions may be provided or more than two wedges 290 and associated
portions may be provided. As lllustrated, each of the wedges 290 may be positioned
180 degrees from one another.

[0050] The wedges 290 may ride In tracks or move In tracks or grooves 302
formed Into an external surface of the collet housing 220. The grooves 302 may assist
IN moving the wedges 290 towards the second D-ring 232 and away from the second
D-ring 232. The tracks 302 may also assist in guiding the wedges 290 towards the
Internal groove 296 to ensure proper engagement of the wedges In the grooves 296.
[0051] The secondary locking assembly 2/0 may further include additional
portions such as a split ring 310. The split ring 310 may be between the collar 274 and
the wedges 290. The split ring 310 assists In moving the wedges 290 In substantially
parallel and tandem motion relative to the collet housing 220 and/or the attachment
162. A cover 314 may also be provided that I1s substantially stationary relative to at
least a portion of the tracks or grooves 302. The cover 314 may cover a portion of the
tracks 302 between the collar 274 and the attachment 162. Further, a friction plate or
O-ring 316 may assist in holding the collar 274 onto the collet assembly 140, including
the collet housing 220. It Is understood that other appropriate portions may also be
provided to assist in holding the collar 274 onto the collet housing 220.

[0052] Therefore, the secondary locking mechanism 270 i1s provided to assist In
holding the attachment 162 substantially rotationally locked relative to the collet housing
220 when the attachment 162 1s positioned on the collet assembly 140. In rotationally
fixing or locking the attachment 162 relative to the collet assembly 140, the attachment
162 1s also therefore rotationally fixed relative to the motor housing 100 and the tracking
device 26. All or most possible rotational movement of the attachment 162 relative to
the collet 140 Is eliminated. Therefore, the secondary locking assembly 270 may assist
In rotationally fixing the attachment 162 and/or the tool 170 relative to the motor
housing 100 having the tracking device 26 fixed thereto. The secondary locking
assembly 270, therefore, assists In or eliminates substantial rotational movement of the
attachment 162 relative to the tracking device 26, /6. The amount of possible rotational

motion may be limited to an amount that does not effect tracking or navigation to a
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selected preciseness for a selected procedure. Tracking may, therefore, be enhanced
regarding the distal end 174 of the tool 170.

[0053] With additional reference to Figs. 5 and 6, and continuing reference to
Fig. 4, the secondary locking assembly 2/0 may engage and/or disengage the
attachment 162. As lllustrated in Fig. 5, the attachment 162 may be positioned on the
collet assembly 140 In a selected manner, similar to how the attachment may be
assembled on the collet assembly iIn a Legend Stylus® motor assembly sold by
Medtronic, Inc. The attachment 162 may be positioned on the collet assembly 140 and
be further engaged to the tool 170 for operation. Nevertheless, the secondary locking
assembly 270 may not be engaged when the wedges 290 are not extended towards the
second D-ring 232, as lllustrated iIn Fig. 5. Accordingly, the wedges 290 of the
secondary locking assembly 270 may not assist in resisting and/or eliminating rotational
movement around the axis 226 by the attachment 162.

[0054] As lllustrated in Fig. 6, however, the collar 270 has been rotated to move
the wedges 290, including the distal ends 292, into the depressions or internal grooves
296 of the attachment 162. The wedge 290 may move In the direction of arrow 294
when the collar 274 is rotated to the locking position. The wedge 290 may continue to
move and travel to engage the ramp 295 of the first D-ring 224. The wedge 290 may
continue travel In the direction of arrow 294 after engaging the ramp 295, such that the
wedge 290, Including at least the distal end 292 moves away from the axis 226, such
as In the direction of arrow 297. The wedge 290, including at least the distal end 292
may, therefore contact a surface of the flat 380 of the attachment 162 and the ramp
surface 295. The wedge 290, including the distal end 292, may then be wedged
between the first D-ring 224 and the flat 380 of the attachment 162. By wedging, the
wedge may contact a ramp surface 295a and a flat surface 381.

[0055] The wedge 290, therefore, may be axially positioned into the internal
groove 296 of the attachment 162 and wedged between the ramp surface 295 first D-
rnng 224 (which may be an external surface of the collet assembly 140) and the
attachment 162. The wedge 290 being In both the groove 296 and the groove 302 of
the collet housing 220 and/or the wedging between the attachment 162 and the collet
housing 220 may substantially rotationally lock the attachment 162 relative to the
longitudinal axis 226. Therefore, the attachment 162 may be rotationally fixed relative

to the collet housing 220 of the collet assembly 140 in addition to being axially fixed
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relative to the collet assembly 140. In either locked or unlocked configuration, the cover
314 may assist In concealing at least a portion of the groove 302.

[0056] Turning reference to Fig. 7, a collet assembly 140" i1s illustrated. The
collet assembly 140" may include portions that are similar to the collet assembly 140, as
discussed above. For example, collet assembly 140" may Iinclude the first D-ring 224
that Includes the flat portion 228 and the second D-ring 232 having the second flat
region or portion 236. Further the wave spring 240 and the snap ring 244 may be
positioned In a collet assembly 140°. The collet assembly 140" may, however, Include a
collet housing 220 that Is similar, that includes various different features from the collet
housing 220 described above. The collet assembly 140°, however, may also Iinclude
the connection region 144 to engage the motor housing 100. Therefore, the collet
assembly 140" may engage the motor housing 100 In a manner similar to that
discussed above to form at least a collet to motor housing locking mechanism. The
attachment 162" may also engage the collet assembly 140’, as discussed below, In a
manner similar to the attachment 162 engaging the collect assembly 140 with the first
and second D-rings 232, 224. The connection of the attachment 162" to the collet 140’
with the D-rings 224, 232 may form a first connection or locking system of the
attachment 162" and the collet 140’

[0057] A supplemental or secondary locking system or feature 2/0° may be
provided with the collet housing 220°. The secondary locking system 270" may include
a collar or enlarged region 350 that has an external surface 352 that extends annularly
above an adjacent external surface 354 of the collet housing 220'. Formed Into the
enlarged collar region 352 may be rotational locking receiving portions or seats, such
as one or more Indents 360. For example, two of the Indents 360 may be formed
substantially 180 degrees apart around the collar 350.

[0058] The iIndent 360 may Include a sidewall 362. The sidewall 362 may extend
away from the second D-ring 232 a selected distance, such as a distance 364. The
distance 364 may be any appropriate distance, such as a distance of about 0.1
millimeters (mm) to about 5 mm. The distance 364, however, may be any appropriate
distance to Interact with a rotational locking member, such as a tab or detent 370
formed In an attachment 162°. The tab 370 may include a dimension appropriate to
engage the indent 360. For example, the tab 370 may include a width 374 that is equal
to or smaller than a width 376 of the indent 360. Therefore, the tab 370 may move Iinto
the Indent 360. Upon positioning the tab 370 Into the Indent 360, the tab 370 may
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Interfere or engage, such as by contact, the sidewall 362 upon rotational force between
the attachment 162" and the collet housing 220°. Therefore rotational motion between
the attachment 162" and the collet housing 220" may be limited and/or substantially
eliminated, such as limiting rotation to less than 1 degree and/or 1mm of travel around
the axis 226.

[0059] The tab 370 may be formed at least by removing a portion of the internal
surface of the attachment 162°. For example, through bores may be formed through
the attachment 162" to form the tab 3/70. It I1s understood, however, that the tab 370
may be formed by removing material from an end of the attachment 162°. The tab 370
may have a height 375, therefore, once material 1Is removed around the dimensions of
the tab 370.

[0060] Also, any selected number of the tabs 370 may be formed. As illustrated,
two of the tabs 370 may be formed substantially 180 degrees from each other. Other
numbers of the tab 370, such as one or more than two may be provided.

[0061] A protective collar 381 may also extend beyond and end of the tab 370.
The protective collar 381 may assist In eliminating or reducing possible damage to the
tab 370. Thus, the tab 370 may have proper dimensions for engaging the indent 360.
[0062] As discussed above the attachment 162° may Include an Internal
structure, such as the flat or raised portion 380 that may pass over the flat portions 244
and 228 of the respective D-rings 232 and 224 in moving the attachment 162" towards
the raised or enlarged collar 350. In the unlocked position, the tab 370 may not be
aligned with the indent 360, as Iillustrated in Fig. 8. However, the attachment 162" may
be moved In the direction towards the motor housing attachment 144 generally In the
direction of arrow 384.

[0063] The attachment 162" may then be rotated in a selected direction, such as
around or about the longitudinal axis 226 of the collet assembly 140°. Upon rotation of
the attachment 162" the first D-ring 224 may rotate relative to the second D-ring 232
and the attachment 162" may also rotate to align the tab 370 with the indent 362.
Further axial motion of the attachment 162" will move the tab 370 into the indent 360, as
llustrated in Fig. 9. Once the tab 370 i1s moved a selected distance into the indent 360,
the first D-ring 224 may be fully rotated relative to the collet housing 220" to lock the
attachment 162" onto the collet assembly 140" In an axial direction. The wave spring
244 may generally be pressing on the second D-ring 232 to bias the second D-ring 232

towards the connector 144. When the attachment 162" I1s rotated Iinto the locked
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position, the second D-ring 232 Is pressing on a surface 380a formed by protrusion 380
of the attachment 162°. Opposed to the surface 380a may be a second surface 380b,
and when the second D-ring 232 i1s pressing on the surface 380a the attachment 162’ Is
then being loaded and biased towards the collet housing shoulder 350. This load also
causes the tab 370 to be biased towards and remain seated within the rotational locking
seat, including the indent 360.

[0064] As discussed above, the first D-ring 224 may be engaged and move
fixation pins 250 In the J grooves 252 to assist in locking the attachment 162, 162" onto
the collet assembly 140" and/or the tool 170 Into a drive shaft within the collet assembly
140°. Therefore rotation of the first D-ring 224 relative to the collet housing 220" may
both move the first D-ring 224, the attachment 162°, and internal mechanisms to lock
the tool 170 onto the collet assembly 140°. Further, the movement and engagement of
the tabs 370 Into the Indents 360 may further additional rotationally fix the attachment
162" to the collet assembly 140°. Again, as discussed above, rotationally fixing the
attachment 162’ to the collet assembly 140" may rotationally fix the attachment 162’
relative to the motor housing 100 and eliminate substantial rotation of the attachment
162" relative to the tracking device 26, /6. Therefore, the tracking device 26 attached
to the motor housing 100 may be rotationally and axially affixed to the collet assembly
140" and the attachment 162°. The tool 170, therefore, held within the attachment 162’
and the collet assembly 140" may also be accurately tracked relative to the tracking
device 26.

[0065] It IS understood that any tracking device 26, /6 connected to the motor
housing 100 can be axially fixed to the tool due to the axial and rotational fixation of the
collet assembly 140, 140" to the motor housing 100 and the attachment 162, 162" to the
motor housing 100 through the collet 140, 140°. Thus, accurate tracking of the tool 170
INncluding the terminal end 174 may be properly made with the tracking system.

[0066] With reference to Figs. 10A and 10B, a powered drill assembly 10" Is
llustrated. With Initial reference to Fig. 10A the powered drill assembly 10° may
INnclude, according to various embodiments Including those discussed above, the drill
motor housing 100. Axially and rotationally rigidly affixed thereto Is the tracking device
26 with the connector 180 connected to the array 190. The drill motor 101 within the
housing 100 may be powered with the power source through the powerline 110, as
discussed above. The drill motor housing 100 may be connected to the collet assembly

140 and/or the collet assembly 140" as discussed above. Therefore the collet assembly
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140, 140" may be rotationally and axially fixed relative to the motor housing 100 and,
therefore, the tracking device 26. As discussed above, the collet assembly 140, 140
may be fixed according to an appropriate mechanism, such as a threaded connection
between the collet assembly 140, 140" and the motor housing 100.

[0067] The collet assembly may Include the secondary attaching assembly or
feature 270 Including the collar 274, as exemplary as illustrated in Fig. 10A. It Is
understood that the secondary locking feature 2/0° may also or alternatively be
provided, a discussion of the secondary locking feature 270 I1s used here for clarity of
the current discussion.

[0068] Attached over the collet assembly 140 may be an attachment 162°. The
attachment 162" may Iinclude a first region 290 that extends along a longitudinal axis
that, when connected to the motor housing 100, Is coaxial with the axis 226. The axis
226 may be the central longitudinal axis of the motor housing 100. The attachment
162" may also Include a second portion 394 that extends along the second axis 400.
The second axis 400 may be formed at an angle 402 relative to the longitudinal axis
226. The angle 402 may be any appropriate angle such as about 1° to about 1/9° or
any appropriate angle. For example, the angle may be similar to the angle of angled
attachment of the Legend Stylus® power drill assembly sold by Medtronic, Inc. The
angle 402 may assist In positioning the tool 170, positioned within the angled
attachment 162", at a selected angle or offset relative to the longitudinal axis 226 of the
motor housing 100. The user 11 may suggest or use the offset to assist in performing a
procedure on the subject 12. The angle 402 may assist in positioning the working end
174 of the tool 170 at a selected position for performing a procedure.

[0069] Nevertheless, according to various embodiments, the attachment 162"
may be affixed to the drill motor housing 100 through the collet 140 such that the first
axis 226 of the first portion 390 I1s substantially coplanar with the second axis 400 of the
second portion 394. When the axes 226, 400 are coplanar, as illustrated in Fig. 10A
and generally defined by the plane of the page, or at least In a first selected plane the
position of the working end 174 relative to the tracking device 26 may be determined.
Having the first axis 226 and the second axis 400 be coplanar may assist In a
calibration of the working end 174 relative to the tracking device 26. Calibration may be
an Intra-operative calibration such as by the user 11 touching a known point with the
working end 174, or may be predetermined such as during a manufacturing or

assembly stage. During calibrating the tool 170 Is positioned properly in the attachment
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162" and the location of the tool 170, Including the working end 174, may be
determined relative to the tracking device 26.

[0070] Once the working end 174 Is calibrated to the tracking device 26, the
working end 174 may be tracked by the connection of the tracking device 26 to the
motor housing 100 which 1s connected to the collet assembly 140, which 1s connected
to the attachment 162", which is connected to the tool 1/0. The tool 170 may be driven
through the angled attachment 162" via a first attachment drive shaft 406 that Is
coupled to a second attachment drive shaft 408 through an angled coupling 410. The
first attachment drive shaft 406 may be attached through the collet drive shaft 143 to
the motor drive shaft 103, as discussed above. Therefore the tool 170 may be driven at
a position that 1s offset or angled relative to the longitudinal axis 226 of the drill motor
housing 100.

[0071] As discussed above the secondary locking mechanism 2/0 may be
operated to rotationally and rigidly fix the attachment 162" relative to the collet
assembly 140, and, therefore, to the motor housing 100 having the tracking device 26
fixed thereto. Therefore, the secondary locking mechanism 270 may rigidly rotationally
fix the attachment 162" relative to the tracking device 26 that iIs mounted on the drill
motor housing 100.

[0072] Turning reference to Fig. 10B, the angled attachment 162", if not
rotationally fixed relative to the motor housing 100, may rotate from a selected position,
as discussed above. As lllustrated in Fig. 10A, the second axis 400 may be selectively
substantially coplanar with the first axis 226. If the attachment 162" rotates, such as In
the direction of arrow 411, around the axis 226, then the axis 400 of the second portion
394 may move to a rotated position 400 that Is not at the same position as the axis
400, which Is coplanar with the axis 226.

[0073] In Fig. 10B, the axis 400" Is understood to be extending out of the page
and 1s no longer coplanar with the axis 226. Therefore, rotation may impart a rotational
or angular error 420 between the predetermined and/or calibrated position of the
working end 174 to an angled or error position 174’ relative to the coplanar or calibrated
axis position 400. The secondary locking mechanism 2/0 may be used to ensure
rotationally rigid fixedness of the attachment 162" relative to the motor housing 100,
and, therefore, the tracking device 26. It Is understood that the secondary attachment
2/0 may be an appropriate secondary attachment, including both the secondary

attachment 270 and the secondary attachment 270"
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[0074] Example embodiments are provided so that this disclosure will be
thorough, and will fully convey the scope to those who are skilled In the art. Numerous
specific detalls are set forth such as examples of specific components, devices, and
methods, to provide a thorough understanding of embodiments of the present
disclosure. It will be apparent to those skilled In the art that specific details need not be
employed, that example embodiments may be embodied in many different forms and
that neither should be construed to limit the scope of the disclosure. In some example
embodiments, well-known processes, well-known device structures, and well-known
technologies are not described in detall.

[0075] The foregoing description of the embodiments has been provided for
purposes of lllustration and description. It is not intended to be exhaustive or to limit the
disclosure. Individual elements or features of a particular embodiment are generally not
limited to that particular embodiment, but, where applicable, are interchangeable and
can be used In a selected embodiment, even If not specifically shown or described. The
same may also be varied in many ways. Such variations are not to be regarded as a
departure from the disclosure, and all such modifications are intended to be Iincluded

within the scope of the disclosure.
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CLAIMS
What Is claimed is:
1. A trackable powered drill assembly, comprising:

a powered drill motor housing having an exterior surface extending from a
first end to a second end;

a collet assembly having a powered drill motor housing connection
configured to fixedly engage the second end of the powered drill motor housing,
wherein the powered drill motor housing connection allows a connection between the
powered drill motor housing and the collet assembly;

an attachment member extending from a first attachment end to a second
attachment end and having an internal surface forming a bore within the attachment
member, wherein the collet assembly 1s configured to be at least partially received
within the bore to at least in part form a first locking assembly:;

a second locking assembly configured to at least Iimit rotational
movement of the attachment member relative to the collet assembly; and

a tracking device fixed relative to the exterior surface of the powered drill
motor housing and configured to allow tracking of the trackable powered drill assembly;

wherein the second locking assembly Is configured to at least rotationally

fix the attachment member to the collet assembly.

2. The assembly of Claim 1, further comprising:
a tracking device mount connected to the tracking device,
wherein the tracking device mount includes a through bore that Is friction
fit to the exterior surface of the powered drill motor housing;
wherein the friction fit axially and rotationally fixes the tracking device

relative to the powered drill motor housing.

3. The assembly of Claims 1 or 2, further comprising:

a tool having a tool tip extending from the attachment.

4 The assembly of any one of Claims 1 to 3, wherein the second locking

assembly includes:
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a first groove formed In the Internal surface of the attachment member;

a second groove formed In an external surface of a collet housing of the
of the collet assembly; and

a wedge moveable within the second groove relative to the collet housing
Into the first groove;

wherein the wedge Is configured to wedge between the internal surface of

the attachment member and an external surface of the collet assembly.

. The assembly of Claim 4, wherein the second locking assembly further

Includes:

a collar having a collar internal surface with a helical groove formed in the
collar internal surface;

a wedge moving member;

wherein the wedge moving member 1s engaged In the wedge and the
collar internal surface to be moved by the collar;

wherein the collar Is configured to be rotated In a first direction relative to
the collet housing to move the wedge moving member In a first longitudinal direction
and rotated In a second direction relative to the collet housing to move the wedge

moving member In a second longitudinal direction.

o. The assembly of any one of Claims 1 to 3, wherein the second locking
assembly Includes:
a tab extending from the internal surface of the attachment member; and

an Indent formed In an external surface of a collet housing of the collet

assembly;
wherein at least a portion of the tab Is configured to be moved into the
iIndent.
/. The assembly of Claim 6, wherein the second locking assembly further
Includes:

a wave spring positioned on the collet housing;
a d-ring biased by the wave spring towards the indent;
a protrusion extending from the Internal surface of the attachment

member to engage an edge of the d-ring;
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wherein the wave spring I1s further configured to bias the attachment

member towards the indent by biasing the d-ring that engages the protrusion.

8. The assembly of any one of Claims 1 to 3, wherein the second locking
assembly includes a rotational locking seat configured to receive a rotational locking

member.

9. A method of connecting a powered drill assembly to track a tool tip

powered by the powered drill, comprising:

connecting a collet assembly having a powered drill motor housing
connection configured to fixedly engage a second end of a powered drill motor housing,
wherein the powered drill motor housing connection rigidly fixes the collet assembly
with the powered drill motor housing;

positioning at least a portion of the collet assembly within a bore formed
by an internal surface of an attachment member to at least in part form a first locking
feature: and

engaging a second locking feature configured to at least Iimit rotational
movement of the attachment member relative to the collet assembly;

wherein a tracking device Is fixed relative to an exterior surface of the
powered drill motor housing, wherein the tracking device Is configured to allow tracking

of the trackable powered drill assembly.

10. The method of Claim 9, further comprising tracking the tool tip with the

tracking device.

11.  The method of Claim 9 or 10, further comprising:
eliminating substantial rotation of the tracking device relative to the

attachment member at least with the second locking mechanism.

12.  The method of any one of Claims 9 to 11, further comprising:
fixing the tracking device to the exterior surface of the powered drill motor

housing.
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13.  The method of Claim 10, further comprising:

operating a tracking system to track the tool tip.

14. The method of any one of Claims 9 to 13, wherein engaging the second
locking feature Includes:
rotating a collar around a collet housing of the collet assembly to move a
wedge engaging member;
moving a wedge by the rotating the collar in a first groove formed In the
collet housing and Into a second groove formed In the Internal surface of the
attachment member. wherein upon moving the wedge, the wedge Is configured to
wedge between the internal surface of the attachment member and an external surface

of the collet assembly.

1. The method of any one of Claims 9 tp 13, wherein engaging the second
locking feature includes:
moving a protrusion extending from the internal surface of the attachment
member passed a wave spring positioned on a collet housing; and
releasing the attachment member to allow the wave spring to bias a tab

formed on the Internal surface of the attachment member into an indent formed In the

collet housing.

16.  The method of any one of Claims 9 to 13, wherein engaging the second

locking feature includes  moving a rotational locking member Iinto a rotational locking

seat.

17. A trackable powered drill assembly, comprising:

a collet assembly having a collet housing having a powered drill motor
housing connection configured to fixedly engage a first end of a powered drill motor
housing, wherein the powered drill motor housing connection forms a selectively rigid
connection feature with the powered drill motor housing;

an elongated member extending from a first member end to a second
member end, the elongated member having an internal surface forming a bore within

the elongated member, wherein the collet assembly 1s configured to be at least partially
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received within the bore to at least In part form a first elongated member locking
feature: and

a second elongated member locking feature having a first portion
provided with the collet housing and a second portion formed on the elongated
member:

wherein the second elongated member locking feature Is configured to at
least substantially limit rotational movement of the elongated member relative to the

collet assembly and a tracking device.

18. The assembly of Claim 17, further comprising:
the powered drill motor housing having an exterior surface extending from

the first end to a second end.

19. The assembly of 18, wherein the tracking device Is fixed relative to the
exterior surface of the powered drill motor housing and configured to allow tracking of

the trackable powered drill assembly.

20. The assembly of any one of Clams 17 to 19, wherein the second

elongated member locking feature further includes a wedge;

wherein the first portion Includes a first groove formed In an external
surface of a collet housing of the collet assembly;

wherein the second portion Includes a first groove formed In the internal
surface of the attachment member:;

wherein the wedge Is selectively moveable within the second groove
relative to collet housing and the first groove;

wherein the wedge Is configured to wedge between the internal surface of

the attachment member and an external surface of the collet assembly.

21. The assembly of Claim 20, wherein the second elongated member locking
feature further includes:
a collar having a helical groove;
a wedge moving member;
wherein the wedge moving member 1s engaged In the helical groove of

the collar to be moved by the collar;
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wherein the collar 1s configured to be rotated in a first direction relative to
the collet housing to move the wedge moving member In a first longitudinal direction
and rotated In a second direction relative to the collet housing to move the wedge

moving member In a second longitudinal direction.

22. The assembly of any one of Clams 17 to 19, wherein the second
elongated member locking feature includes:
a tab extending from the internal surface of the elongated member; and
an Indent formed In an external surface of a collet housing of the collet
assembly;
wherein at least a portion of the tab Is configured to be moved into the

Indent.

23. The assembly of any one of Claims 17 to 19, wherein the first portion of
the second locking feature Is formed on the collet housing as a rotational locking seat
and the second portion of the second locking feature formed on the elongated member

IS a rotational locking member.

24. The assembly of any one of Claims 17 to 19, wherein the first portion of
the second locking feature provided with the collet housing I1s a rotational locking
member and the second portion of the second locking feature formed on the elongated

member Is a rotational locking seat.

25. The assembly of any one of Claims 17 to 19, wherein the elongated
member Includes a first portion extending from the first member end towards the
second member end and a second portion extending from the second member end
towards the first member end;

wherein the first portion extends along a first axis and the second portion
extends along a second axis;
wherein the first axis Is formed at an angle of about 1 degree to about 179

degrees relative to the second axis.
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