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ADJUSTABLE DEPTH DRILL BIT

FIELD OF THE INVENTION
[0001] The present invention relates to a device for boring a hole into a bone. More -
particularly, the device is remoyably attachable to a bone ;crew hoié of a fixation plate and
provides a depth limiting function for precision boring of the bone in precise alignment with

the bone screw hole of the bone fixation plate.

BACKGROUND
[0002] The use of surgical fixation plates for a variety of orthopaedic applications is a
widely accepted. Fixation plates are used by surgeons to stabilize, mend‘,'or align fractured or
diseased bones as well as to apply compression or tension to bones and to fuse joints between
two ;r more bones. Typically, fixation plates are fastened to the bone with at least one, and
often a plurality, of fasteners such as bone screws_tﬁat are installed through bone screw holes
in the plate. Propéf orientati‘on‘énd alignment of the fésténérs with the boﬁe pléte and secure
fixation of the bone plate to the bone can mitigate potential complications after implantation.
[0003] Fixation plates used in spinal applications must be installed with special care.
The margin for error in spinal surgery is small, particularly because of the sensitivity of the
spinal cord and the risk inherent in performing invasive procedures near the spinal cord.
Furthermore, the dimensions of vertebral bone available for receiving fasteners are fairly
constrainec}.
[0004] | Screws used to secure the bone plate often must be precisélj aligned to
facilitate retention of the fasteners in the bone. In some instances the fasteners may bé
particularly aligned in order facilitate compression between opposing bone segments.
Misalignment of the screw within the screw hole of the plate may increase the risk of tissue -

damage, bone screw failure, fixation failure, and/or bone screw ‘back-out’ thus increasing the
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risk of further injury to the patient and defeating the usefulness of the plate. Locking plates

. in particular demand the aforementioned precise fastener alignment for proper function.
[0005] Drill guides are often used to facilitate the alignment of bone screw pilot holes
and the insertion of bone screws. A typical drill guide attaches or abuts against an associated-
ﬁxatioﬂ plate and includes a guide tube.for guiding sﬁrgical tools (e.g. awls, taps, drills,
screws and screwdrivers) toward and through the bone screw hole in the plate. .One
drawback of the typical drill guide is that it is yet another piece of surgical equipment that
must be separately manipulated and accounted for at the surgical suite. A surgeon must
manipulate both the- tool that is inserted through the drill guide and the drill guide itself, or
must have assistance in doing so. This often complicates the surgical procedure, increases
the chance for error, and increases the length of surgical procedure.
[0006] Traditional drill guides have included depth limiting arrangements of different .
sorts for limiting the penetration depth of drills, awls, taps, and other similar bone piercing

- and boring tools, Currently, there are ggne;ally twol" methods of Iimitin’é dﬁlliné dgpth.‘ One -
consists of an adjustable drill guide that is typically a tubular member with a handle, where
the tubular member receives drilling tools therethrough. The tube typically has a stop
mechanism that engages with the drilling tool, such as opposing surfaces on the drill guide
and on the drill bit that come in contact. Often, one of the components surfaces is adjustable
by a threaded mechanism or the like, such that the penetration depth of the component can be
adjusted. Another traditional mechanism is a tubular drill guide having a single stop that
interacts with different drill bits, where each drill bif has a stop at a different location
according to a preferred drilling depth.
[0007] Providing a surgeon with the ability to select a preferred drilling depth
increases the efficiency and accuracy of many surgical procedures. This is because many

different lengths of screw are used for different procedures and different patient anatomy’s.
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Furthermore, the depth of a bone screw hole, and the length of a bone screw also depends on
the bone quality into which the screw is to penetrate. Yet another consideration is the amount -
of injury that may resuit if the drilling procedure and or bone screw penetrate beyond a
particular depth. For example, the injury that may result from a misplaced, mis-angled, or
misjudged penetration depth of a boﬁe screw i?laced into a vertebra often can be drastic and
permanent.

[0008]} Accordingly, a device and method for combining the beneficial functions qf a

drill guide and a depth limiting guide into a single surgical fobl would be highly desirable‘..

' SUMMARY OF THE INVENTION
[0009] According to one embodiment, there is provided a tool comprising a drill bit
having a proximal end and a distal end, the distal end configured to cut bone. A housing may
also be provided having proximal and distal ends and a bore configured to slidébly receive
ﬂlé drill bit. The second end of the housing may be associated with a bone portion into which
the drill bit will be extended. An adjustable depth stop assembly may be provided having
proximal and distal ends and a bore configured to slidably receive the drill bit, the depth stop
further having a portion configured to selectively lock the drill bit to the bore. Thus, when -
the drill bit is locked to the adjustable depth stop the proximal end of the housing is located a ‘
first axial distance from the distal end of the adjustable depth stop so that the first axial
distance is proportional to a maximum drilling depth into the bone portion.
[0010] The distal end of the housing may be configured to engage the bone portion.
directly, or the distal end of the housing may configured to engage a bone fixation element
such as a bone plate or a pedicle screw clamping element. The pedicle screw clamping
element may be any such element known in the art used to connect a pedicle screw to a spine

fixation rod or plate to bridge adjacent vertebra so as to fix their relative positions during, for
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example, spinal fusion procedures.

[0011] Where the bone fixation element comprises a bone plate the distal end of the
housing may be configured to engage a fastener hole of the plate. The distal end of the
housing may further comprising tbreads.conﬁguired to éngage corresponding thn'eads of the
fast‘ener hole. The distal end of the housing may further be configured .to engage a screw hole
of a bone plate to fix the trajectory of the drill bit with respect to the bone plate and the bone
portion. The drill bit may be axially positionable with i:espect to the housing and the cirill{‘bit
may also having an extended position in which the distal end of the drill bit extends distall};
beyond tile housing distal end. The drill bit may also have a retracted position in which the

distal end of the drill bit does not extend distally beyond the housing distal end.

[0012] The tool housing may comprise a spring having a first surface associated with
the housing and a second surface associated with the drill bit, where the spring is operable to
bias the ﬂri]l in the retracted position. The drill bit may have én a)_(ial gngagément porﬁon
configured to engage a corresponding axial engagement portion of the housing to prevent the
distal end of the drill bit from moving axially past the proximal end of the housing. The axial
engagement portions of the drill bit and housing may comprise a pin and a shoulder,
respectively. The housing may further comprise proximal and distal housing portions. The
proximal housing portion may have a spring operable to bias the drill in the retracted
position, while the distal housing portion may have threads for engaging a bone screw hole of
© the i)one plate. The proximal end of the distal housing further may have protrusion and |
recess elements configured to engage a respective recess and protrusion elements on the
distal end of the proximal housing to rotationally fix the two housing portions. The hoﬁsing
further may have a retainer for removably coupling the proximal and distal housing portions

so that the housing portions may be disassembled to facilitate cleaning and/or sterilization of



WO 2005/096966 PCT/US2005/010546

the tool.

[0013] The proximal housing portion of the tool may further have a proximal end
having an increased diameter to allow gripping by a user. The proximal housing portion
further may have a proximal stop surface configured to engage the adjustable depth stop
assembly. h
[0014] The adjustable depth stop may have an adjustment sleeve configured to
slidably engage the drill bit, and a shuttle member adapted to be slidable with respect to thg
adjustment sleeve between a first position in which the adjustable depth stop is axially locked
to the drill bit and a second position in which the adjustable depth stop is axially movable
with respect to the drill bit. Moving the shuttle between first and second positions may
comprise moving the shuttle along an axis substantially perpendicular to the longitudinal axis
of the drill bit. Moving the shuttle between first and second positions may also comprise
moving the shuttle along an axis substantially non—parallel to the longltudmal axis of the drill
. bit. The shuttle may further comprise a dnll bit engagmg surface, the dnll b1t further
comprising a shuttle engaging surface, and one of the drill bit engaging surface and shuttle
engaging surface may‘comprise a projection and the other comprises a recess.
[0015] The adjustable depth stop may further comprise a locking sleeve associated
with the adjustment sleeve, where the locking sleeve is co-operable with the shuttle to move
the shuttle between the first and second positions. The locking sleeve and shuttle further may
have corresponding tapered sliding surfaces each of which forms an oblique angle with
respect to the longitudinal axis of the drill bit, wherein axial movement of the locking sleeve
moves the shuttle between the first and second positions. The shuttle may be axially fixed to
the adjustment sleeve, and the locking sleeve may be axially translatable along the adjustment
sleeve. Thus, moving the locking sleeve along the adjustment sleeve in a first direction may

cause the shuttle to move toward the first position. Moving the locking sleeve along the
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adjustment sleeve in a second direction may cause the shuttle to move toward the second
position.

[0016] The adjuAstable depth stop may further comprise a spring associated with the
adjustment sleeve to bias the shuttle in the first position. The adjustment sleeve may also
have a distal stop surface configured to engage the hdusing. |

[0017] In an alternative embodiment, a tool may be provided éomprising a drill bit
having proximal and distal ends and a longitudinal axis. The proximal end of the drill bit
may be configured to connect to a driving attachment and the distal end may have a cutting.
surface for cutting a hole in a bone. The drill bit may also having an extended position
corresponding to a first drilling depth into the bone. A housing may further be provided
having proximal and distal ends and a longitudinal bore. The drill bit may be axially
posittonable within the bore, and the proximal end of the housing may further having a stop
surface. The distal end of the housing may be associated with a bone portion. An adjustable

- dept_h' stop ésSemBl); méy be. pfovidéd having broximal and distal ehdé and a longimdiﬁgl o
bore. The drill bit may be selectively axially lockable within the bore, and the distal end may
comprise a stop surface configured to engage the housing stop surface. The assembly may
further having unlocked and locked configurations so that the drill bit is axially translatable
within the assembly when the assembly is in the unlocked position and the drill bit is axially
fixed with respect to the assembly when the assembly is in the locked configuration. Thus,
adjusting the distance between the respective stop surfaces of the housing and the depth stop
assembly fnay a&just the first drilling depth into the bone portion.

[0018] The distal end of the housing may further be configured to engage a fas;ener
hole of a bone plate, and the distal end may also have threads configured to engage
corresponding threads of the hole in the plate. The distal end of the housing also may be

configured to engage the fastener hole of the bone plate in order to fix the trajectory of the
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drill bit with respect to the bone plate.

[0019] The drill bit further may have a retracted p0siﬁon in which the distal end of
the drill bit does not extend distally beyond the housing distal end. The housing may further
have a spring having a first surface associated with the housing and a second surface
associated with the drill bit, the sj)ring operabie to biae 'the drill in tﬁé retracted nosiﬁon.
[0020] The drill bit further may have an axial engagement portion configured to.
engage a corresponding axial engagement portion of the housing to prevent the distal end of '
the drill bit from moving axially past the proximal end of the housing. The axial engagement
portions of the drill bit and housing may comprise a pin and a shoulder, respectively.

[0021] The housing further may comprise proximal and distal housing portions, and
the proximal housing may comprise a spring operable to bias the drill in the retracted
position. The distal housing may comprise threads for engaging a bone screw hole of the
bone plate The proximal end of the distal housing further may comprise protrusion and
‘recess elements configured to engage respectlve recess and protrusmn elements on'the dlstal
end of the proximal housing to rotationally fix the two housings. The housing further may
comprise a retainer for removably coupling the proximal and distal housings, such that the
proximal and distal housings can be decoupled to facilitate cleaning and/or sterilization of the
tool.

[0022] The proximal housing further comprising a proximal end having an increased
diameter to allow gripping by a user. The proximal housing portion may also have a
proximal stop surface configured to engage the adjustable depth stop assembly. The
adjustable depth stop further may comprise an adjustment sleeve configured to slidany
engage the drill bit, and may also have a shuttle member adapted to be slidable with respect
to the adjustment sleeve between a first position in which the adjustable depth stop is axially

locked to the drill bit and a second position in which the adjustable depth stop is axially
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movable with respect to the drill bit. Thus, moving the shuttle between first and second
positions comprises moving the shuttle along an axis substanﬁally perpendicular to the
longitudinal axis of the &rill bit. Furthermore, moving the shuttle between first and second
positions may comprise moving the shuttle al;)ng an axis substantially non-parallel to the
loﬁéitudinal axis of the drill bit. -
[0023] The shuttle further may comprise a drill bit engaging surface, and the drill bit
may further comprise a shuttle engaging surface. One of the drill bit engaging surface and.
shuttle engaging surface may be a projection and the other may be a recess.
[0024] The édjustable depth stop further may comprise a locking sleeve associated
“with the adjustment sleeve, and the locking sleeve may be co-operable with the shuttle to -
move the shuttle between the first and second positions. The locking sleeve and shuttle
further may comprise corresponding tapered sliding surfaces each of which forms an oblique
angle with respect to the longitudinal axis of the drill bit such that axial movement of the
locking sleeve may move the shuttle between tﬁe first and second ’pbsiﬁons. ',
[0025] The shuttle also may be axially fixed to the adjustment sleeve, and the locking
sleeve may be axially translatable along the adjustment sleeve, such that moving the locking
sleeve along the adjustment sleeve in a first direction may cause the shuttle to move toward
the first position. Furthermore, moving the locking sleeve along the adjustment sleeve in a
second direction may cause the shuttle to move toward the second position. The adjustable
depth stop further may comprise a spring associated with the adjustment sleeve to bias the
shuttle in the first position. - o
[0026] A method of drilling a hole to a desired depth is also disclosed. The me&od
may comprise the steps of (a) providing a drill bit having a housing and an adjustable depth
stop assembly, where the drill bit is slidably receivable within a bore in the housing, the drill

bit further being receivable in, and adjustably lockable with respect to, a bore in the depth
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stop assembly; (b) associating the housing with a bone segment; (c) adjusting the axial
position of the depth stop assembly along the drill bit to position the housing a first distance
from the depth stop assémbly; and (d) drilling a hole into the bone with the drill bit such that
the hole in the bone has a depth proporﬁonal to the first distancei
[0027] The step of associafing the housing with a bone segment may further comprise
engaging the housing with a fastener hole of a bene plate. The method may also comprise the
step of fixing the trajectory of the drill bit with respect to the bone plate. The step of drilling -
a hole with the drill bit may comprise moving the drill bit through the fastener hole.
[0028] The method may comprise using a drill bit having at least one depth marking,
: wherein step (c) further comprises selecting a drilling depth by sliding the adjustable depth
stop assembly to a position adjacent the depth marking. The method may also comprise
assooiating the housing with the bone segment prior to the step of adjusting the axial position
of the depth stop assembly along the drill bit to position the housing a first distance from the
depth stop assembly. | | H
BRIEF DESCRIPTION OF THE DRAWINGS

[0029]) For a better understanding of the nature and objects of the invention, reference
should be made to the following detailed description, taken in conjunction with the
accompanying drawings, in which:

[0030] FIG. 1 is a perspective view of an adjustable depth drill bit attached to a bone
plate according to one embodiment of the present invention;

[0031] FIG.2isa cross-sectional side view of the adjustable depth ,dﬁll bit of FIG. 1;

[0032] FIG. 3A is a side view of the adjustable depth drill bit of FIG. 1;

[0033] FIG. 3B is a expanded view of a portion of the adjustable depth drill bit of
FIG. 1;

[0034] FIG. 4 is a cross-sectional side view of the distal housing of the adjustable
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depth drill bit of FIG. 1;

[0035] FIG. 5 is a cross-sectional side view of the proximal housing of the adjustable

depth drill bit of FIG. 1;

[0036] FIG. 6 is a cross-sectional side view of the threaded retainer of the adjustable -

depth drill bit of FIG. 1;
[0037] FIG. 7 is a cross-sectional side view of the shuttle sleeve of the adjustable

depth drill bit of FIG. 1;
[0038] FIG. 8 is a perspective view of the removal sleeve of the adjustable depth drill

bit of FIG. 1;

- [0039] FIG. 9 is a cross-sectional side view of the removal sleeve of the adjustable

depth drill bit of FIG. 1;

[0040] FIG. 10 is a perspective view of the locking sleeve of the adjustable depth drill

bit of FIG. 1;

: [00;41_] - FIG.1lis a side view of the locking ‘sleeveﬁf thé adju;sta.ble‘depﬂ'l (irill bit of
FIG. 1;
[0042] FIG. 12 is a top plan view of the sliding shuttle of the adjustable depth drill bit
of FIG. 1;
[0043] FIG. 13 is a cross-sectional view of the sliding shuttle of the adjustable depth

drill bit of FIG. 1;

[0044] FIG. 14 is an expanded partial cross-sectional view of the sliding shuttle of the

adjustable depth drill bit of FIG. 1;

[0045] FIG. 15 shows the adjustable depth stop of the adjustable depth drill bit of
FIG. 1; and
[0046] FIG. 16 is a cross-sectional side view of the adjustable depth stop of the

adjustable depth drill bit of FIG. 1.
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[0047] Like reference numerals refer to corresponding parts throughout the several

views of the drawings.

DETAILED DESCRIPTION OF THE INVENTION
[0048] Referri'ng‘tb FIG 1, there is shown an exemplary drill assembly 10, which -
may be adapted for use with a fixation device, such as for example, a spinal fixation plate 30.
. While the drill assembly is disclosed in conjuﬁction with a spinal fixation plate it is . .
contemplated that the drill assembly may be used in conjunction with bone fixation plates
used on or in any portion of the body. The drill assembly may be used with metal fixation
plates as well as with bio-resorbable, polymer based, or any other bone fixation plates known
in the art. Drill assembly 10 may include a drill bit 100 having a proximal end 40, a distal
end 50 and a longitudinal axis 20. Drill assembly 10 also may include a housing assembly
200, and an adjustable depth stop assembly 300 each disposed along the length of the drill bit
100. The housing-assembly 200 mgy{be‘,c.:onﬁ.gured to 611'ént and fix 'the‘drill;bit with respéct
to the bone plate and bone (i.e. it may fix the drill trajectory), while the adjustable depth stop
assembly 300 may comprise the depth adjustment mechanism of the device which may
permit the user to pre-select the ultimate drilling depth into bone. The housing assembly 200
and the adjustable depth assembly 300 may comprise corresponding stop surfaces 258, 322
that may cooperate to limit axial travel of the drill bit 100, thereby limiting the drilling depth.
[0049] In general, to operate the adjustable depth drill bit 10, a surgeon or ‘user’

_ determines the drilling depth desired fora pafticulaf procedure, which typically depends upon
the length of screw selected for implantation. The user then may adjust the position of the
adjustable depth stop 300 along the length of the drill bit 10 (described in more detail below)
to provide the desired movement allowance of the drill bit 100, as indicated by measured

markings 110 on the drill bit 100. Next, the distal end 220 of the housing 200 may be
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positioned within a selected screw hole 32 of the bone plate 30. Engaging the screw hole
may serve to align the drill bit 100 along the appropriate drilling trajectory such that the bone '
screw hole (and thus the screw that will ultimately be driven into the hole), will assume the
desired angular positioning with respect to the plate apd the bone. Once drilling is begun and
the drill is moved diStally into the Bone, the deustable dépth stop 300 automaticaily limits the
total travel of the drill bit to the selected depth without further action from the user.

[0050] FIG. 2 shows a truncated cross-section of the adjustable drill assembly 10,9f f
FIG. 1. Drill bit 100 is shown as defining a longitudinal axis “DA.” Housing assembly 200
may generally comprise a distal housing portion 202, a proximal housing portion 204 having
an stop surface 258 for engaging the adjustable depth stop assembly 300, a compression
spring 206, a washer 208, a threaded retainer 210, and a bushing 212. Adjustable depth stop
assembly 300 may generally comprise a shuttle sleeve 302 having a stop surface 322 for
engaging stop surface 258 of the housing assembly 200, a locking sleeve 304, a removal
;leeile 306,.5 bi'a_sipg spring 308, and a sliding shuttle 310. | ‘

[0051] As previously noted, the housing assembly 200 may function to align the drill
bit within a targeted bone screw hole. The housing assembly may also serve as a protective
cover for the drilling flutes of the drill bit 100 when the assembly is not in use, and may
further serve as a gripping element to allow manipulation and installation of the device on the
bone i)late. The housing assembly 200 may comprise a bone plate engaging surface 222 at its
distal end 220 (see FIG. 4), which in the illustrated embodiment may comprise threads
configured to mate with a correspondingly threaded bone screw hole of a bone plate 30.
Housing assembly 200 may also be configured to axially retain the drill bit between a fully
recessed position and a fully extended position. In the fully recessed position, the distal end
104 of drill bit 100 may be contained within the housing 200 so that no portion of the drill bit

extends beyond the housing distal end. In the fully extended position, the drill bit distal end
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WO 2005/096966 PCT/US2005/010546

104 may extend beyond the distal end of the housing to engage a bone surface underlying a
bone plate.

[0052] The housing may have a reduced diameter shoulder region 241 configured to
axially engage a pin 212 positioned transversely through drill bt shaft 111, thus preventing .
the drill from moviﬁg distall}; out of engagement with the housing. A spring 206 may be
positioned within housing 200 and over a portion of the drill bit 100. The spring 206 may
have a proximal end 207 associated with a proximal shoulder 108 of the drill bit 100 and.g
distal end 209 positioned against a distal shoulder 253 of the housing 200. When assembled,
the spring 206 may axially bias the drill bit 100 in the proximal direction. A bushing 208
may be interposed between the proximal end of the spring 207 and the proximal shoulder 108
of the drill bit to protect the spring 206 from binding with the turning drill bit 100 during -
drilling. Thus, the bushing 208 may be press-fit into the housing 200 and may remain
stationary when the drill bit 100 turns. This bushing 208 may be made of metal, polymer
(e.g. Teﬂon, Polyéthef—éﬂlef-ketdne (PEEK), etc.), of any other material known in the art to
be suitable for such use.

[0053) Spring 206 and pin 212 thus may act to maintain the drill bit 100 in an initial
“neutral” position in which the drill bit 100 is recessed within the distal end of the housing
when not in use (the pin 212 acting to prevent the spring 206 from moving the drill bit too far
in the proximal direction). To extend the drill bit from the housing in use, the user may apply
a distal axial force to the drill bit sufficient to overcome the biasing force of the spring.

When the distal axial force is removed (e.g., when drilling is complete), the bias of the spring
206 once again may cause the drill bit 100 to recede fully within the distal end of the h_ousing.
[0054] In order to adjust the device to achieve the desired drilling depth, the user may
adjust the allowable length of travel of the drill bit 100 through the housing 200 by using the

adjustable depth stop assembly 300, which may be selectively positionable along the length
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of the drill bit 100. This selective positioning may be accomplished by sliding shuttle 310,
which may be axially retained within the depth stop assembly 300, and which may have a
surface that is selectively engageable and disengageable with a series of measured recesses
112 in the body of the drill bit 100. The sliding shuttle 310 may slidingly engage a pair of
tapered surfaces 334, 344 on the locking and removal sleeves 304, 306 such that moving the
sleeves axially with respect to the shuttle may cause the shuttle to translate laterally with

. respect to the drill bit, thus moving the shuttle into, or out of, engagement with one of the ‘
drill bit recesses 112 (as will be described in more detail later). When the sliding shuttle.310
is disengaged from the drill bit recesses 112, the adjustable depth stop may be moved axially
along the drill bit 100. Likewise, the adjustable depth stop may be fixed in a desired axial . .
position by re-engaging the sliding shuttle 310 with the appropriate drill bit recesses 112. In
this manner, the distance between the stop surfaces 258, 322 of the proximal housing 204 and
the shuttle sleeve 302, respectively, may be adjusted. ‘Since the housing 200 is fixed to the

| bone plate and the depth stop aésembly 300 is ﬁxed: axfaily to .the drill bit 100, the aisténce
between the housing and the depth stop assembly is equal to the total amount of distal travel
afforded the drill bit 100. Thus, the drilling depth is controlled by controlling the distance
between the housing 200 and the depth stop assembly 300.
[0055] In use, the surgeon may select the desired drilling depth by adjusting the
distance between the two assemblies as described above, as measured by the markings 110 on
the exterior of the drill bit 100 (Fig. 3A). This adjustment may be made either before or after
the device is engaged with the bone plate. When drilling is commenced, _tfxe surge;)n may
apply an axial force to the drill bit to drive it distally into contact with the bone, thereby
moving the drill bit out and away from the distal end of the housing. As previously noted,
since the depth stop assembly moves axially with the drill bit and the housing assembly

remains fixed to the plate, the total travel of the drill bit - and thus the drilling depth - is
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limited (i.e. stopped) when the distal end stop surface 322 of the adjustable drill stop
assembly 300 contacts the stop surface 258 of the proximal housing 204.
[0056] Referriﬁg now to FIG. 3A, the drill bit 100 will be discussed in detail. Drill
bit 100 may have proximgl and distal ends 102, 104, and a longitudinal axis 20. The distal
end of drill bit 100 may include drill flutes 106, which can be standard drill ﬂﬁteé coﬁlmonly
used for drilling. -Drill bit 100 can also be any other appropriate type of boring arrangement,
such as for example, a needle, an awl, a punch, a burr, a reamer, or the like, provided the - .
arrangement is configured to produce a desired opening or pilot hole of desired depth in the
underlying bone for insertion of bone screws or other fastening elements. Drill bit 100 may

- also include a stop 108, which may be formed by an increased-diameter portion 109 of drill
bit 100. Stop 108 may act as a retainer for washer 208, described in more detail below, and
may also provide a bearing surface for compression spring 206 which biases the drill bit 100
in the proximal direction to maintain the distal portion of the drill bit within the distal
housing 202 When not in use. Driil bit 100 also niay‘ include one A'or more depfh markings 110
arranged along at least a portion of its length, and these depth markings may correspond to a
maximum distance which distal end 104 of drill bit 100 may protrude from housing 200
during drilling, as will be described in more detail below. Positioned along at least a portion
of the drill bit length at a corresponding distance from depth markings 110, and in increments
equidistant to the depth markings 110, are circumferential lock grooves 112. Lock grooves
112, shown in more detail in FIG. 3B, may be configured to receive a locking tab, such as a
lock ridge 368 (Fig. 14) of sliding shuttle 310 of the adjustable depth stop 360 (further
described below). In one embodiment there may be one or more lock grooves 112 spaced
apart from each other by a distance “d.” In the illustrated embodiment, there are fourteen
lock grooves 112, each spaced apart from each other by a distance “d” of about 1 millimeter

(mm), such that the drilling depth of drill bit 100 can be adjusted in increments of about 1
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mm. It is noted that the lock grooves 112 may be spaced apart by any appropriate distance
“d,” to provide a desired incremental adjustment in maximum drilling depth. In one
embodiment the lock grooves 112 themselves may each have a width “w* of about 0.55 mm
and a height “h* of about 0.5 mm. The lock grooves 112 may taper outward, widening the
lock groove 112 thickness toward tﬁe outer edge of the lock groove 112 for easier reception

+ of the lock ridge 368 of the sliding shuttle 310 (further described below).
[0057] Returning to FIG. 3A, the proximal end 102 of drill bit 100 may have a_ - E
coupling surface 115 configured for quick release attachment to a suitable drill handpiece .
(not shown) which may be either a manual or externally powered device. The coupling
surface 115 can include, as shown in FIG. 3A a flat surface 114 on one side of drill bit 100
and a coupling groove 116 for releasably retaining drill bit 100 within the handpiece,
although any suitable coupling arrangement may be used.
[0058] In one embodiment, drill bit 100 may be about 240 mm in length from
proximal end 102 to distél end 104. The drill flutes 106 may extend 5bout 34 mm f;ém the -
distal end 104 toward the proximal end 102. The diameter of drill bit 100 at the drill flutes
106 may be about 3.0 mm and may increase to about 3.5 mm over a longitudinal span of
about 0.5 mm at about 35 mm from the distal end 104. The diameter of drill bit 100 may
increase further to about 5.2 mm over a longitudinal span of about 0.5 mm, forming stop 108,
at a distance of about 120 mm from the distal end 104.
[0059] FIG. 4 shows distal housing 202 configured to encompass at least a portion of
distal end 104 of drill bit 100 to gﬁidc the drill bit 100 along the desired trajectory relative to
the bone plate 30 and bone screw hole 32. Distal housing 202 may be a generally cyliqdrical
housing defining a open or hollow central bore having a variable inner diameter configured to
mate with corresponding variable outer diameters of the drill bit 100 and dimensioned to be

slightly larger than the outer diameters of the mating portions of the drill bit 100 so that the
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drill bit may slide and rotate freely therein. The distal-most end 220 of distal housing 202 is
configured to engage a bone screw hole 32 of bone plate 30. In one embodiment, the distal-
most end 220 may comprise tapered threads 222 configured to correspond and engage
matching inner threads of at least one bone screw hole of bone plate 30. In an alternative
embodiment, the distal most end 220 may cbmprise a smooth taper configured to métch a
smooth or threaded taper of at least one bone screw hole of the bone plate 30. In a further
embodiment, the taper angle of the distal most end 220 may be greater than, or less than, tbat '
of the bone screw hole. Any appropriate taper angle may be provided for the distal most end
220 as long as it allows the distal housing 202 to be aligned within the bone screw hole.
Such alignment ensures the hole drilled into the bone may have the same trajectory as that of -
the bone screw hole, thus ensuring the associated bone screw will properly engage the bone
screw hole when installed.
[0060] - Distal housing 202 may further comprise a visualization slot 224 extending

 longitudinally along at leals‘t‘ a po.rtion}of ’its 1ength. Visualjzgtion slot 224 may function to
provide a user with a window to see at least a portion of drill bit 100 within the distal
housing during operation. This slot also may provide for easier cleaning and sterilization of
the device after use, and may further provide an exit path for material removed by the drilling -
flutes during operation. The visualization slot 224 may be about 2 mm in width and about 45
mm in length. In an alternative embodiment, two or more visualization slots 224 may be
provided on distal housing 202. Distal threads 226 may be provided near the proximal end

" 228 of th;: distal housing 202 to facilitate engagement of the distal housing with the proximal
housing 204 and the threaded retention sleeve 210, as will be described below.
[0061] As shown in FIGS. 4 and 5, the proximal most end 228 of distal housing 202
may include a set of alternating recesses 242 and protrusions 243. When assembled with

proximal housing 204, the recesses 242 and protrusions 243 of the distal housing 202 may
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interlock with corresponding protrusions 240 and recesses 245 of the proximal housing 204,
The interlocking of the corresponding recesses 242, 245 and protrusions 240, 243 of the two
housing segments may. allow the two housings to transmit torque between them following
assembly. ‘

[0062] FIG. 5 shows the proximal housing 264 in greater detail. Distal end 250 of
proximal housing 204 may be configured to mate with the proximal end 228 of distal housing
202 through interaction of the recesses/protrusions 242, 243 of the distal housing 202.with
the locking protrusions/recesses 240, 245 of the proximal housing 204, respectively.
Furthermore, distal khousing 202 includes distal sleeve element 227 at its proximal end 228
‘which is configured to receive proximal sleeve element 251 of the distal end 250 of proximal
housing 204. The outer diameter of proximal sleeve element 251 may be slightly smaller
than the inner diameter of distal sleeve element 227 such that when distal and proximal
housing 202, 204, respectively are mated, proximal sleeve element 251 may fit within distal
Slee;vc eiemeﬁt 227. ' |

[0063] Proximate to the distal end 250 of the proximal housing is a reduced-diameter
throat portion 252 having an inner diameter 253 which may act as a guide for drill bit 100,
maintaining drill bit 100 in alignment with longitudinal axis 20 of the proximal and distal
housings. In one embodiment, the inner diameter 253 of the throat portion 252 may be
slightly larger than the outer diameter of the drill bit 100 such that the drill bit 100 can freely
axially rotate and longitudinally translate within throat portion 252 while maintaining
alignment with the longitudinal axis 20 of the housings. Proximal housing 204 may further
comprise an externally threaded section 254 disposed adjacent the housing distal end 250,
and these threads may further be configured to mate with inner threads 270 of threaded

retainer 210 (FIG. 6).

[0064]) Proximal housing 204 may further include a longitudinal visualization slot
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256. As previously described with respect to visualization slot 224 on the distal housing 202,
longitudinal slot 256 of the proximal housing 204 may be configured to allow the user to
view the proximal porﬁon of the drill bit 100 during use. Likewise, the slot 256 may also
provide for easier cleaning and sterilization of the device after use, and may also provide an
exit path for material rexﬁoved by thé drilling flutes during operation. The proximél most end
of the proximal housing 204 may comprise a flared portion 255 suitable for gripping by the

. user. The flared portion 255 may have a stop surface 258 on the proximal end thereof, thg
stop surface 258 configured to engage stop surface 322 of shuttle sleeve 302 when the dn'il
bit 100 reaches a maximum set drill depth.. The perimeter of flared portion 255 may further
include a knurling or other surface texturing or roughening to facilitate user application of a
rotational force to the proximal housing 204 to couple the distal portion of the housing 200
with.bone plate 30 once the proximal housing 204 and the distal housing 202 have been
assembled as described.

= :[0065'] .+ Referring now to FIG. 6, threaded retainer 210 is shown in more détail., In
use, threaded retainer 210 may be used to fix the distal and proximal housings 202, 204
together. An internally threaded section 270 may be provided at the proximal end 276 of the
retainer 210, and this threaded section 270 may be configured to threadably accept the
externally threaded sections 226, 254, on the distal and proximal housings 202, 204,
respectively. These threaded connections may be provided to facilitate fit-up of the housing
sections to enable the entire assembly to be disassembled after use for easy cleaning and
sterilization. Thus, although the retainer and proximal and distal housings are disclosed as
comprising threaded connections, these pieces may be connected using any suitable
removable couplings or connections in the art.

[0066] To assemble the proximal and distal housings 202, 204, threaded retainer 210

may be positioned so that its proximal threaded end 276 is placed over the distal end 220 of
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distal housing 204 and slid toward the housing proximal end 228. Once the retainer has been
slid sufficiently far that threads 270 of the threaded retainer 210 engage the distal threads 226 .
of the distal housing, the retainer 210 may then be rotated until the internal threads 270 of the
retainer pass through and out of engagement with the external thrgads 226. The retainer 210.
is thus loosely and slidably retained on the distal housing 202. The proximal housing 206,
with drill bit 100 and spring 206 pre-installed therein, may then be engaged with the distal
housing 202. The sleeve elements 251, 227 and respective protrusions and recesses 242, 243,'
240, 245 of the distal and proximal housings 202, 204, may then be engaged to align the .
housings along the longitudinal axis 20. The two housings 202, 204 then may be axially
- fixed together by engaging the proximal threads 270 of the retainer 210 with external

threaded section 254 located adjacent the distal end 250 of the proximal sleeve 204, As the
retainer 210 translates along the proximal threads 270, the reduced diameter lip 272 formed at
the distal end 278 of the threaded retainer 210 engages the threaded proximal portion 226 of
.fhe distal housing 202, pulling the distal housing 202 téward thé proximal housing 204 and
pressing the housings together.

[0067] In order to adjust the device to achieve the desired drilling depth, the user may
adjust the allowable length of travel of the drill bit 100 through the housing 200 by using the
adjustable depth stop assembly 300, which may be selectively positionable along the length
of the drill bit 100. This selective positioning may be accomplished using a sliding shuttle
310, which may be axially retained by the depth stop assembly 300, and also may be
selectively engageable anci disengageable with a series of measured recesses 112 in the body
of the drill bit 100. Thus, the sliding shuttle 310 may act to selectively axially lock and
unlock the depth stop assembly 300 and the drill bit 100. The sliding shuttle 310 may be
laterally movable with respect to the longitudinal axis “DA” of the depth stop assembly 300

and the drill bit 100 when the latter is inserted into the former. The lateral position of the
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sliding shuttle 310 may be controlled using the removal and locking sleeves 306, 304 which
are slidably mounted on shuttle sleeve 302, and which may comprise opposing parallel planar .
surfaces 334, 344 against which the sliding shuttle 310 may slide during operation. These
parallel planar surfaces 334, 344 may foqn an oblique angle & (FIGS. 9 & 11) with respect to
the longituciinal axis “DA” of the depth stop assembly 300, and the sliding shut'tlé 310 may -
have first and second tapered end surfaces 374, 376 which are angled to mate with respective
Jparallel planar surfaces 334, 344. When the removal and locking sleeves 306, 304 are sliq
axially along the shuttle sleeve 302, the interaction between the angled surfaces 334, 344 of .
the sleeves and the correspondingly angled ends 374, 376 of the sliding shuttle 310 may
cause the shuttle 310 to move laterally within the slot 342. This lateral movement may cause
lock ridge 368 of sliding shuttle 310 (FIGS. 13 & 14) to engage or disengage one of the
corresponding recesses 112 in the drill bit 100, depending upon whether the locking/removal
sleeves 304, 306 are moved in the proximal or distal direction with respect to the shuttle
sleeve 302; 'Ihps, sliding the Iocking/remoVal sleeves 304, 306 proximally along the shuttle - ‘
sleeve 302 may cause the sliding shuttle 310 to engage one of the drill bit grooves 112, while
sliding the locking/removal sleeves distally along the shuttle sleeve may cause the sliding
shuttle to disengage the drill bit groove.

[0068] ‘When the sliding shuttle 310 is disengaged from the drill bit recesses 112, the
adjustable depth stop may be free to move along the length of the drill bit 100. Likewise, the
adjustable depth stop may be fixed in a desired axial position by re-engaging the sliding
shAuttlve‘ 310 with the appropriate drill bit recess 112. In this manner, the distance between the -
engaging surfaces 258, 322 of the proximal housing 204 and the shuttle sleeve 302,
respectively, may be adjusted, and it is this distance which may ultimately control the amount
of distal travel afforded the drill bit 100. The drill bit 100 is axially movable with respect to

the housing 200 and may be axially fixed to the depth stop assembly 300 as previously
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described. In operation, as the user applies a distal axial force to the drill bit 100 to move it
into contact with the bone, the depth stop assembly 300 travels along with the drill bit. When
the distal end of the depth stop assembly 300 engages the proximal end of the housing 200,
further distal movement of the depth stop assembly 300 and drill bit 100 is prevented, and the.
drilling depth is thusly imited.

[0069] FIG. 7 shows a longitudinal cross-section of shuttle sleeve 302 which may
have proximal and distal ends 312, 314, respectively, and a longitudinal axis “DA.” The ‘
shuttle sleeve 302 may have a central bore 326 oriented coaxial with the longitudinal axis .
“DA?” of the shuttle sleeve 302. The central bore 326 may be sized to slidingly receive drill

-, bit 100, thus allowing the shuttle sleeve 326 to move axially along the drill bit 100. Shuttle
sleeve 302 may include a shuttle slot 324, which may be configured to slidably receive
sliding shuttle 310 (FIG. 13). Shuttle slot 342 may have an axis substantially perpendicular
to the longitudinal axis “DA” of shuttle sleeve 302, so that the sliding shuttle 310 may slide

. within the slot 342 m 5 direction transverse to the shﬁtfle éleeve bore 326 (and thus the drill
bit 100). In the illustrated embodiment, shuttle slot 324 may have a substantially rectangular
or elongated central cross section with rounded ends 321, 323. This elongated cross section
may be provided to prevent the sliding shuttle 310 from rotating within the slot 324 during
use. It is noted that the shuttle slot 324 may be provided with any appropriate geometric
cross section (e.g. rectangular, square, triangular, round, elliptical, etc.) provided it may
configured to mate with the cross section of the sliding shuttle to prevent the shuttle from
rotating within the siot. Shuttle‘slot 324 may extend completely through two opposing lateral
sides of shuttle sleeve 302 such that sliding shuttle 310 - when positioned within the slqt 324
- may laterally protrude from either side of the sleeve 302.

[0070] Shuttle sleeve 302 may further comprise a stop surface 322 at its distal end

configured to engage a corresponding stop surface 258 of the distal housing 200 during

-22.



WO 2005/096966 PCT/US2005/010546
operation. The shuttle sleeve may also have an increased diameter flange portion 328 located
adjacent the sleeve distal end 314, the flange portion 328 being configured to allow grasping
of the shuttle sleeve 30i by a user during operation.

[0071] FIGS. 8 and 9 show the removal sleeve 306, which, in operation, may
cooperate with the locking sleeve 304 (Figs 10 & 11) to control the lateral positic‘m of sliding
shuttle 310 within the shuttle slot 324 of the shuttle sleeve 302, thus controlling the locking
and unlocking of the depth stop assembly 300 with the drill bit 100.

[0072] When assembled on shuttle sleeve 302, removal sleeve 306 may share a
common longitudinal axis “DA?” with drill bit 100, shuttle sleeve 302, and locking sleeve
304. Removal sleeve 306 may comprise a reduced diameter proximal portion 339, an
intermediate portion 338 and a distal portion 337. The reduced diameter proximal end 339
may have a lip 336 sized to slidingly accept the drill bit 100, and the intermediate portion 338
may be sided to slidingly accept the proximal end 312 of shuttle sleeve 302.

[0073] ‘ 4Th'ej distél portion 337 Aof r'emoval"sleéy:e‘306 may be cbnﬁguréd to engage the
proximal portion 340 of locking sleeve 304 (see FIGS. 8 and 9), to axially and rotationally-
lock the two sleeves together during use. Thus, the distal portion of removal sleeve 306 may
comprise at least one axially extending engagement tab 332, configured to engage a
corresponding proximal recessed portion 343 of the locking sleeve 304. Likewise, the
removal sleeve 306 may comprise at least one distal recessed portion 333 configured to
engage an axially extending engagement tab 342 of the locking sleeve 304.

‘ [0074] FIGS. 10 and 11 show the locking sleeve 304 having proximal and distal
portions 345, 347. The proximal portion 345 may be configured to engage the distal po;'tion
337 of removal sleeve 306 as previously described, and the distal portion 347 of locking
sleeve 304 may be sized to slidingly receive the proximal end 312 of shuttle sleeve 302.

When assembled on shuttle sleeve 302, removal sleeve 306 may share a common longitudinal
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axis “DA” with drill bit 100, shuttle sleeve 302, and removal sleeve 304.
[0075] As previously mentioned, the engagement tabs 332, 342 of the removal and
locking sleeves 302, 304 may cooperate with locking sleeve 304 to control the lateral position
of the sliding shuttle 310 within the shuttle slot 324, thus controlling the locking and
unlocking of the depth stop assembly 300 w1th the drill bit 100. As such, the engagement '
.tabs 332, 342 each have a tapered shuttle engaging surface 334, 344 (FIGS. 9 &11) which
may be configured to slidingly engage corresponding tapered end surfaces 374, 376 of the
sliding shuttle 310. The tabs 332, 342 may be configured and oriented on the removal and .
locking sleeves 302, 304 so that when the sleeves are fit together, the tabs are diametrically

- opposed, which may result in the respective tapered shuttle engaging surfaces 334, 344 being
parallel (see FIG. 15).
[0076] The tapered shuttle engaging surfaces 334, 344 may each be configured to
form an acute angle « that is oblique to the longitudinal axis “DA” of the locking and
fefnoval» sleeves 304, 306. The angle oz may be selected from the »rangeyof from about 1
degree to about 45 degrees. In the illustrated embodiment, e is about 10 deérees.
[0077] In the illustrated embodiment, engagement tab 332 tapers from a thick portion
near the locking sleeve intermediate portion 338 to a narrower portion nearer the sleeve distal
end 337. Likewise, engagement tab 342 tapers from a narrow portion near the removal
sleeve proximal end 345 to a thicker portion near the sleeve distal end 347.
[0078] Referring now to FIGS. 12-14, the sliding shuttle 310 will now be described.

. As illustrated in FIG. 12, the sliding shuttle 310 ;ﬁay be a generally washer-shaped element
having two generally flat parallel side portions 362 and 364. Sides 362, 364 may be
configured to be slidably receivable within corresponding surfaces 321, 323 of shuttle slot
324 (FIG. 7). Offset from the center of the sliding shuttle 310 may be a bore 367 having a

bore axis “BA” and an inner surface portion 366. The bore 367 may be configured to have a
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diameter larger than the outer diameter of the drill bit 100. Disposed within at least a portion
of the circumference of the inner surface portion 366 is a lock ridge 368. Lock ridge 368
may protrude radially iﬁward from the inner surface portion 366 toward the center of the bore
367. Lock ridge 368 further may be configured to mate with locl_c grooves 112 of drill bit 100.

" when the drill bit is 'inserted into ﬂ1e bore 367 and the sliding shuttle 310 is pressed laterally
against one of the lock grooves 112. The inner surface portion 366, including lock ridge 368
may have an inner diameter “ID” that is greater than the outer diameter of the drill bit 100.
Thus, when the drill bit 100 is substantially centered within the inner surface portion 366 of:
the sliding shuttle 310, the drill bit 100 and sliding shuttle 310 may be free to slide axially
with respect to each other. Likewise, when the sliding shuttle 310 is moved laterally with -
respect to this center position, lock ridge 368 may engage one of the grooves 112 in the drill
bit 100 to axially fix the sliding shuttle 310 and drill bit 100 together.

[0079] Referring to FIGS. 12, 13 and 14, tapered end surfaces 374, 376 each may
form an angie o with respect tb fhﬁ bore axis “BA,” and with axis “DA” when. thé dévicé is
fully assembled. As previously indicated, these tapered end surfaces 374, 376 are configured
to correspond to tapered surfaces 334, 344 of the removal and locking sleeves, respectively.
[0080] Because the bore axis “BA” is offset from the central axis “SA” of the sliding
shuttle 310, the distance from the bore axis “BA” to the outer periphery of tapered surfaces
,374’ 376 differs. For ease of reference, the side of the shuttle comprising tapered engaging
surface 374 will be referred to as “short side 370” and the side of the shuttle comprising
tapered engaging surface 376 will be referred to as “long side 372.” In the illustrated
embodiment, the portion of lock ridge 368 adjacent the long side 372 of the sliding shuttle
engages a respective drill bit groove 112 when the sliding shuttle 310 is located adjacent the
distal-most portion of locking sleeve tapered surface 344, as shown in FIG. 2

[0081] When the locking/removal sleeves 304/306 are moved distally along the
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shuttle sleeve 302 so as to position the sliding shuttle adjacent the proximal-most portion of
the removal sleeve tapered surface 334, the sliding shuttle 310 is laterally translated so that
the long side 372 is moved laterally away from the drill bit 100 (disengaging the shuttle from
the grooves) and the short side 370 is moved latemlly'toward the drill bit. When the short
side 370 of the sliding shuttle 310 is fully translated towérd the drill bit 100, its extensién '
may not be sufficient to allow the portion of lock ridge 368 located adjacent the short side
370 to engage one of the drill bit grooves 112
[0082] To assemble the adjustable depth stop assembly, locking sleeve 304 may be -
slid over the proximal end of sliding shuttle 310 and moved to a position distal of the shuttle

. slot 324. The sliding shuttle 304 may then be inserted within shuttle slot 324 of shuttle
sleeve 302 such that short side 370 and long side 372 of the sliding shuttle 310 both extend
slightly beyond the outer circumference of shuttle sleeve 302, as shown in FIGS. 2 and 16.
Next, biasing spring 308 may be placed within the bore of the removal sleeve 306, and the
two pieces may be slid ‘over:‘ the proximal eﬁd of shﬁtt}e sleeve 302. The léckihg sleeve 304
and rerﬁoval sleeve 306 may then be rotatably adjusted so that their complementary tabs 342,
332 may engage with respective recesses 333, 343 on the other sleeve, and so that the shuttle
sleeve 302 may be properly engaged with the tapered inner surfaces 344, 334 of sleeves 304,
306 respectively. In particular, the inner surface 334 taper of sliding shuttle engagement tab
332 may engage the short side taper 374 and the tapered inner surface 344 of the sliding
shuttle engagement tab 342 may engage the long side taper 376, see FIG. 16. The locking
and removal sléeveé 304, 306 may theﬁ be fixed to one another using aﬁy appropriate ﬁaﬁon
arrangement (e.g. laser welding, brazing, adhesive, etc.). FIG. 2 shows the assembled
adjustable drill stop 300, including the removal sleeve 306, locking sleeve 304, sliding shuttle
310, and shuttle sleeve 302 engaged with drill bit 100.

[0083] Referring to FIGS. 15 and 16, the operation of the adjustable depth stop 300
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will now be described. In its initial state, the biasing spring 308 of the adjustable depth stop
assembly 300 biases the shuttle sleeve 302 away from the locking/removal sleeves. Owing to |
the interaction of the cérresponding tapered surfaces 344, 334, 374, 376 of the
locking/removal sleeves and the sliding shuttle 310, this biasing causes the shuttle sleeve 302
(and so the sliding shuttle 310) to residé adjacent the distal end of the locking sleeve 304,
thus causing the sliding shuttle 310 to laterally translate within the shuttle slot 324 such that
lock ridge 368 of the sliding shuttle 310 engages one of the. grooves 112 in the drill bit. The 4
adjustable depth stop assembly 300 is thus locked to the drill bit 112.

[0084] To release the adjustable depth stop 300 from drill bit 100 the user may apply

a force in the distal direction to the removal sleeve 306 while simultaneously applying a
proximal force to the shuttle sleeve 302. When the user-applied force overcomes spring force
the locking and removal sleeves 304 may move distally along the shuttle sleeve 302, which in
turn translates sliding shuttle 310 laterally within shuttle slot 324, this time in the direction
tending to separaté the lopk ridgé‘368 from the drill bit locking groove 112. The dﬁll bit 100 4
may now slide freely within shuttle sleeve 302.

[0085] To select a desired drilling depth, the user may simply press the
locking/removal sleeves while pulling back on the sliding shuttle, thus releasing stop
assembly 300 from the drill bit 100 in the manner described above. The adjustable stop
assembly 300 may then be moved along the drill bit 100 until the contact surface 3220f
shuttle sleeve 302 lies adjacent the measured depth marking 110 corresponding to the desired
drilling depth. The removal/locking sleeves may then be feleased, whereupon the épring may
cause the sliding shuttle to engage the groove 112 in the drill bit 100 associated with the
selected drilling depth.

[0086] Once the desired drilling depth has been selected, the distal end 220 of the

distal housing 202 may be engaged with a targeted bone screw hole 32 of a bone plate 30,
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thus setting the appropriate drilling trajectory. Thereafter, a drilling device (either manual or
powered) may be attached to the drill bit 100 proximal end 102 coupling. When drilling is
begun, the user may simply apply a downward (distal) force to the drill bit 100 to overcome
the force of spring 206, thus causing the drill distal end 104 to emerge from the distal housing
202 to engage the l;one. While drilling is being performed, the adjustable dqpth stop |
assembly 300 may remain axially fixed with respect to the drill bit 100, and thus it may
distally with the drill bit 100 as the drill tunnels into the bone. Since the housing 200 is
axially fixed to the bone plate 30, maximum selected drilling depth is achieved when ;:ontact
is made between the respective stop surfaces 258, 322 of the proximate housing 204 and the .
adjustable depth stop assembly 300. In relation to the above method of use, it is noted that
the drilling depth may be adjusted after the housing 200 has been engaged with the bone plate
30.

[0087] It will be appreciated by one of ordinary skill in the art that the components of
&e invention may be consi;ruct_c;;i froma mediéa] -gradé sfainleés steel that is tolerant of
sterilization procedures and safe for use within the body. However, the device of the present
invention may also be constructed from any suitable material that provides appropriate
support for drilling bone holes. In one embodiment, the device may be constructed from a
polymer based material such that the device is disposable following use. By way of example,
but not limitation, suitable polymers may include ultra-high molecular weight polyethylene or

the like.

Accordingly, it should be understood that the embodiments disclosed herein are .
merely illustrative of the principles of the invention. Various other modifications may be
made by those skilled in the art which will embody the principles of the invention and fall

within the spirit and the scope thereof.
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CLAIMS
WHAT IS CLAIMED IS:
1. A tool comprisiﬁg:
a drill bit having a proximal end and a distal end, the distal end configured to cut
bone; | |
a housing having proximal and distal ends and a bore configured to slidably receive
the drill bit, the second end associated with a bone portion,
an adjustable depth stop assembly having proximal and distal ends and a bore
configured to slidably recei\;e the drill bit, the depth stop further having a
portion configured to selectively lock the drill bit to the bore;
wherein when the drill bit is locked to the adjustable depth stop the proximal end of the
housing is located a first axial distance from the distal end of the adjustable depth stop, the
first axial distance proportional to a maximum drilling depth into the bone portion.
2. The tool of i:iaim 1, the distal endl‘of thé'hqusing further conﬁguréd to ‘engage the
bone portion.

3. The tool of claim 1, the distal end of the housing further configured to engage a bone

fixation element.

4. The tool of claim 3, wherein the bone fixation element comprises a bone plate or a

pedicle screw clamping element.

5. The tool of claim 3, wherein the bone fixation element comprises a bone plate and the
distal end of the housihg is configured to engage a fastener hole of the plate.
6. The tool of claim 5, the distal end of the housing further comprising threads

configured to engage corresponding threads of the fastener hole.
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7. The tool of claim 1, the distal end of the housing further configured to engage a screw
hole of a bone plate to fix the trajectory of the drill bit with respect to the bone plate and the
bone portion. |
8. The tool of claim 1, wherein the drill bit is axially positionable with respect to the
housing, the drill bit further haﬁpg an exteﬂded position in which the distal end of the dﬁll
bit extends distally beyond the housing distal end.
9. The tool of claim 8, the drill bit further having a retracted position in which the distal '
end of the drill bit does not extend distally beyond the housing distal end.
10.  The tool of claim 9, the housing further comprising a spring having a first surface
associated with the housing and a second surface associated with the drill bit, the spring
operable to bias the drill in the retracted position.
11. . The tool of claim 8, the drill bit further comprising an axial engagement portion
configured to engage a corresponding axial engagement portion of the housing to prevent the
A’distall: gnd of the drill bit ffom niovhig éxially past the proximal end Qf the hopsing.
12.  The tool of claim 11, wherein the axial engagement portions of the drill bit and
housing comprise a pin and a shoulder, respectively.
13.  The tool of claim 1, the housing further comprising a proximal housing and a distal
housing, the proximal housing portion comprising a spring operable to bias the drill in the
retracted position, the distal housing portion comprising threads for engaging a bone screw
hole of the a bone plate.

" 14.  The tool of claim 13, the proximal end of the distal housing further comprising
protrusion and recess elements configured to engage a respective recess and protrusion

clements on the distal end of the proximal housing to rotationally fix the two housing

portions.
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15.  The tool of claim 13, the housing further comprising a retainer for removably
coupling the proximal and distal housing portions, wherein the housing portions may be
disassembled to facilitate cleaning and/or sterilization of the tool.

16.  The tool of claim 13, the proximal housing portion further comprising a proximal end -
having an increased diametér to allow gripping by a user. - '

17.  The tool of claim 13, the proximal housing portion further having a proximal stop
surface configured to engage the adjustable depth stop assembly.

18.  The tool of claim 1, the adjustable depth stop further comprises an adjustment sleeve
configured to slidably engage the drill bit, and a shuttle member adapted to be slidable with
respect to the adjustment sleeve between a first position in which the adjustable depth stop is
axially locked to the drill bit and a second position in which the adjustable depth stop is
axially.movable with respect to the drill bit.

19.  The tool of claim 18, wherein moving the shuttle between first and second positions
comprises moving the shuttle alqhg an axis :sub'stanti‘ally 'perpe;ndicular té thé longitudinall ‘ ,'
axis of the drill bit.

20.  The tool of claim 18, wherein moving the shuttle between first and second positions
comprises moving the shuttle along an axis substantially non-parallel to the longitudinal axis
of the drill bit.

21.  The tool of claim 18, the shuttle further comprising a drill bit engaging surface, the
drill bit further comprising a shuttle engaging surface.

22.  The tool of claim 21, wherein one of the drill bit engaging suffacé and shuttle
engaging surface comprises a projection and the other comprises a recess.

23.  The tool of claim 18, the adjustable depth stop further comprising a locking sleeve
associated with the adjustment sleeve, the locking sleeve co-operable with the shuttle to move

the shuttle between the first and second positions.
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24.  The tool of claim 23, the locking sleeve and shuttle further comprising corresponding
tapered sliding surfaces each of which forms an oblique angle with respect to the longitudinal
axis of the drill bit, whefein axial movement of the locking sleeve moves the shuttle between
the first and second positions.

25.  The tool of claim 21, whe;ein the shuttlé is axially fixed to the adjustmeﬁt sleeve, the
locking sleeve is axially translatable along the adjustment sleeve, and wherein moving the
locking sleeve along the adjustment sleeve in a first direction causes the shuttle to move
toward the first position.

26.  The tool of claim 25, wherein moving the locking sleeve along the adjustment sleeve
in a second direction causes the shuttle to move toward the second position.

27.  The tool of claim 18, the adjustable depth stop further comprising a spring associated
with the adjustment sleeve to bias the shuttle in the first position.

28.  The tool of claim 18, the adjustment sleeve having a distal stop surface configured to
engage a proximal stop surfacé of the housing. o

29. A tool comprising:

a drill bit having proximal and distal ends and a longitudinal axis, the proximal end
configured to connect to a driving attachment and the distal end having a
cutting surface for cutting bone, the drill bit further having an extended
position corresponding to a first drilling depth into bone,

a housing comprising proximal and distal ends and a longitudinal bore, the drill bit
axially positionable wﬁhin the inore, the proximal end further having a stop
surface, the distal end associated with a bone portion,

an adjustable depth stop assembly having proximal and distal ends and a longitudinal
bore, the drill bit selectively axially lockable within the bore, the distal end

comprising a stop surface configured to engage the housing stop surface, the
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assembly further having unlocked and locked configurations, the drill bit
axially translatable within the assembly when the assembly is in the unlocked
position, fhe drill bit axially fixed with respect to the assembly when the
assembly is in the locked configuration;

wherein adjustiﬁg the distance betWeen the respective stop surfaces of the housing énd the
depth stop assembly adjusts the first drilling depth into the bone portion.
30. The tool of claim 29, the distal end of the housing further configured to engage the

bone portion.

31.  The tool of claim 29, the distal end of the housing further configured to engage a
bone engaging element.

32.  The tool of claim 31, wherein the bone engaging element comprises a bone plate or a
pedicle screw clamping element.

33.  The tool of claim 32, wherein the bone engaging element is a bone plate and the distal
end of the housiﬁg is conﬁguréd to éngage a. fasténer ‘hole of the plaite. . |

34. | The tool of claim 33, the distal end of the housing comprising threads configured to
engage corresponding threads of the fastener hole.

35.  The tool of claim 29, the distal end of the housing further configured to engage a
fastener hole of a bone plate, the distal end comprising threads configured to engage
corresponding threads of the hole in the plate.

36.  The tool of claim 29, the distal end of the housing further configured to engage a
fastener hole of a bone plate to ﬁx the trajectory of the drill bit with respect to the bone plate.
37.  The tool of claim 29, the drill bit further having a retracted position in which the

distal end of the drill bit does not extend distally beyond the housing distal end.
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38.  The tool of claim 29, the housing further comprising a spring having a first surface
associated with the housing and a second surface associated with the drill bit, the spring
operable to bias the drill in the retracted position.

39.  The tool of claim 29, the drill bit further comprising an axial engagement portion
configured to engagé a corresponding axiai engagement portion of the housing to preveiit the
distal end of the drill bit from moving axially past the proximal end of the housing.

40. The tool of claim 39, wherein the axial engagement portions of the drill bit and
housing comprise a pin and a shoulder, respectively. . |

41.  The tool of claim 29, the housing further comprising a proximal housing and a distal
housing, the proximal housing comprising a spring operable to bias the drill in the retracted
position, the distal housing comprising threads for engaging a bone screw hole of the bone
plate. .

42.  The tool of claim 41, the proximal end of the distal housing further comprising
ﬁrotrusion and recess elgzﬁénts configured to éngage a ;egpecﬁve réce;v,s and pro_t'rusi'o.n o
elements on the distal end of the proximal housing to rotationally fix the two housings.

43.  The tool of claim 41, the housing further comprising a retainer for removably
coupling the proximal and distal housings, wherein the proximal and distal housings can be
decoupled to facilitate cleaning and/or sterilization of the tool.

44,  The tool of claim 41, the proximal housing further comprising a proximal end having
an increased diameter to allow gripping by a user.

45.  The tool of claiﬁi 41, the proximal housing pbrtion further having a proximal stop
s.urface configured to engage the adjustable depth stop assembly.

46.  The tool of claim 29, the adjustable depth stop further comprising an adjustment
sleeve configured to slidably engage the drill bit, and a shuttle member adapted to be slidable

with respect to the adjustment sleeve between a first position in which the adjustable depth
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stop is axially locked to the drill bit and a second position in which the adjustable depth stop
is axially movable with respect to the drill bit.

47.  Thetool of claihl 46, wherein moving the shuttle between first and second positions
comprises moving the shuttle along an axis substantially perpendicular to the longitudinal
axis of the drill bit. | |
48.  The tool of claim 46, wherein moving the shuttle between first and second positions
comprises moving the shuttle along an axis substantially non-parallel to the longitudinal axis
of the drill bit.
49.  The tool of claim 46, the shuttle further comprising a drill bit engaging surface, the
drill bit further comprising a shuttle engaging surface.
50.  The tool of claim 49, wherein one of the drill bit engaging surface and shuttle
engaging surface comprises a projection and the other comprises a recess.
51. The tool of claim 46, the adjustable depth stop further comprising a locking sleeve

‘ associafgd with the adjustment slee;ve, ﬂiale‘locAking sleéve bo-oiaefabl'ej w1th thé shuttle to move
the shuttle between the first and second positions.

.52, The tool of claim 51, the locking sleeve and shuttle further comprising corresponding
tapered sliding surfaces each of which forms an oblique angle with respect to the longitudinal
axis of the drill bit, wherein axial movement of the locking sleeve moves the shuttle between
the first and second positions.

53.  The tool of claim 51, wherein the shuttle is axially fixed to the adjustment sleeve, the
~ locking sleeve is axiaily translatable’along the adjﬁstment sleeve, and wherein moving the

locking sleeve along the adjustment sleeve in a first direction causes the shuttle to move

toward the first position.

54.  The tool of claim 51 wherein moving the locking sleeve along the adjustment sleeve

in a second direction causes the shuttle to move toward the second position.

-35-



WO 2005/096966 PCT/US2005/010546

55.  The tool of claim 46, the adjustable depth stop further comprising a spring associated
with the adjustment sleeve to bias the shuttle in the first posiﬁon.
56. A method of driliing a hole to a desired depth, the method comprising:

(@  providing a drill bit having a housing and an adjustable depth stop assembly,
the drill bit slidably feceivablé within a bo;e in the housing, the drili
bit receivable in, and adjustably lockable with respect to, a bore in the
depth stop assembly;

(b)  associating the housing with a bone segment;

) adjusting the axial position of the depth stop assembly along the drill bit to
position the housing a first distance from the depth stop assembly; and

(d)  drilling a hole into the bone with the drill bit;

wherein the hole in the bone has a depth proportional to the first distance.
57.  The method of claim 56, wherein the step of associating the housmg w1th a bone

4 segment further compnses engagmg a distal end of the housmg with the bone segment.
58.  The method of claim 56, wherein the step of associating the housing with a bone
segment further comprises engaging the housing with a fastener hole of a bone plate.
59.  The method of claim 58, further comprising the step of fixing the trajectory of the
drill bit with respect to the bone plate.
60.  The method of claim 58, wherein the step of drilling a hole with the drill bit
comprises moving the drill bit through the fastener hole.
61. - The method of claim 56, the drill bit further comprising at least one depth marking,
wherein step (c) further comprises selecting a drilling depth by sliding the adjustable depth
stop assembly to a position adjacent the depth marking.

62.  The method of claim 56, wherein step (c) is performed before step (b).
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