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QUICK-RELESASE DRILL GUIDE ASSEMBLY FOR BONES PLATE

FIELD OF THE INVENTION

[0001] The presert invention relates to a surgical drill-guide asssembly that can be
releasably attached to a peart of a bone-fixation system, for example, a koone plate. The
*. surgical drill-guide assem bly of the present invention is used for exampmle, to guide a drill-bit,

screw, bone fastener, or other instrument or fastener into bone or othemr lissue.

BACKGROUND OF THE INVEENTION

[0002] The use o-f surgical fixation plates for a variety of orthopmedic applications is
widely accepted. The plaates are used by surgeons or uéers to stabilizee, mend, or align a
patient's bone as well as alter compression of patient’s bones. Plates are typically fastened -
1o the bones with a pluraality of fasteners such as screws that are instaled through holes in
the plate. Proper orientaxtion and alignment of fasteners and secure saurgical fixation of the
plates can mitigate some of the potential future compllcations after imgplantation.

[6003] Bone plates used, for example, in spinal applications n—ust be installed with
special care, as the platess may be used for long-term, intervertebral fi xation, bone-fragment

' fixation, and/or anterior edecompression in the cervical region of the spoine. The margin for
error in spinal surgery iss quite small, particularly because of the sensi-tivity of the spinal cord
and the risk inherent with invasive procedures around the spinal cord . In particular, the
dimensions of vertebral bone available for setting tasteners are fairly limiting.

[0004] Each fixzation screw should properly align with its asso=ciated plate hole so that
each screw is seated comectly with the plate and enters the bone at @xan appropriate angle.
Any misalignment of thea screw within the plate hole risks tissue damaage and spinal cord
injury. In addition, impr-operly seated screws may result in an unstabmwle or insecure
connection of the plate to the bony material, thus potentially defeatineg the usefulness of the

) plate. Locking plates, imn particular, demand precise fastener alignmeant.
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SULAMARY OF THE INVENTION

[00#05] The present invention relates to a drill-guide> assembly, which in one
embodiment comprises an alignment drill-barrel, a bushingy, a dual-arm support, a ratchet-
gezar mechanism, a handle member, and a release knob.

[00 ©6) The alignment drill-barre! has a proximal ermd and a forward-end also called
the distal end. The proximal end of the alignment drill-barmrel preferably has two ridges, and
the distal end is generally tapered. The alignment drill-barrel is configured to receive and
gui=de a drill-bit, bone tap, screw, bone fastener or other in:strument into bone or other tissue.
The alignment drill-barrel preferably allows for the passagee of fixation pins or bone Screws,
dril 1s, taps, or awls through it in a predetermined trajectorys.

[00e07] The bushing preferably has a radially expamndable forward-end and a proximal
endd, wherein the forward-end Is configured to engage a faastener hole in a bone-plate. The
radRially expandable forward end of the bushing preferably has a plurality of finger portions.
The= radially expandable forward end also preferably has & shoulder, neck, and an outwardly
promjecting rim disposed forward of the neck. The bushing is configured to slidably receive
thes alignment drill-barrel. Sliding the alignment drill-barrele toward the forward end of the
busshing preferably expands the forward end of the bushin g to secure the drill-guide
asssembly in a bone-plate.

. [00m08] The dual-arm support in cne embodiment iss generally “L-shaped” with the two
ends of the “L” forming an obtuse angle. The dual-arm suspport preferably has a space
prowvided in its center region. In one embodiment, the endl portion, which is generally
hor-izontally disposed, comprises a pivot-hole for inserting a pivot screw. Atone end, the
duzal-arm support is immovably or fixedly connected to thes proximal end of the bushing, while
at its other end, the dual-arm support Is immovably connescted to the front end of the handle
me-mber.

[o0m09] The handle member in an exemplary embosdiment has a front end and a back

encd. Itis generally oval shaped with broad grooves on togo to provide better grip for the
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surgeon or user using the drill-guide- assembly. The handle may be hollow or solied
depending upon design choice.
[0010} The ratchet-gear mechanism in one embodiment is generally “Y-shmaped and
is housed within the space of the dusal-arm support. Atone end, the first leg of the ratchet-
gear mechanism is pivotably connecsted to the dual-arm support at a pivot-point. —That end of
the first leg further extends beyond &the pivot point forming a C-shaped vice-grip. ~The C-
shaped vice-grip attaches to the alignment drill-barrel. The C-shaped vice-grip gr-asps the
alignment drill-barrel in between thes two ridges at the proximal end. ina preferrecd
embodiment, the plane of the C-shaaped vice-grip is generally perpendicular o the axial
direction of the alignment drill-barrel, and the bushing. The second leg of the Y-shaped
ratchet-gear mechanism comprises pawls on the outer side which permit increme -ntal
swiveling of the ratchet-gear mecha.nismin a plane perpendicular to the piane of eC-shaped
vice-grip. The tail-end of the Y-shagoed ratchet-gear mechanism acts as a trigger and
generally moves in a rotational motion relative to the pivot point in a direction towaard or away
from the handle member. Movememt of the ratchet-gear mechanism, and particullary the C-
shaped vice grip, slides the alignmesnt drill-barrel relative to the bushing.
[0011] . The release knob in &n exemplary embodiment has a curved longistudinal
member with a base. The base hass serrations on one side of its circumferential besorder and
- a hole on the other side. The releasse knob is pivoted through the hole in the base about a
dowel pin that is attached to the duaal-arm support.
[0012]) When the tail of the W'-shaped ratchet-gear mechanism is pressed Bby a finger
of a user in a rotary motion in a direcction toward the handle member, the distal en-d of the
alignment drill-barrel is urged into thae bushing which in turn, expands the forward—end of the
. bushing, thus locking the bushing wiithin a hole or recess of the bone-plate. The toushing is
configured and dimensioned to expand within a bone-plate hole or recess such thzatit is

releasably locked to the bone-plate.
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. [0013] When the Y-shaped ratchet-gear mecahanism engages the release knob, the

" pawls on the outer surface of the second leg of the Y™ -shaped ratchet-gear mechanism

_sngage the serrations on the release knob to lock thes drill-guide to the bone-plate. The

i éllgnment drill-barret preferably self-aligns with the axxis of the fastener hole in the plate.
[0014] When the release knob is further presssed, the pawis are disengaged from the
serrations, and the Y-shaped ratchet-gear mechanisam returns to an unactuated position,
preferably by action of a biasing member such as a sspring. The Y-shaped ratchet-gear
mechanism, in turn, through its C-shaped vice-grip reioves the alignment drill-barrelina
longitudinal direction along its axis, away from the firmgers. As a result, the bushing assumes

" a retracted position thereby disengaging the hole or recess.
[0015] Another embodiment of a drill-guide amssembly is described, comprising an
alignment barrel having a proximal end and a distal eend; a bushing configured to slidably

,' receive the alignment barrel, the bushing having a radially expandable forward-end and a
‘proximal end, the forward-end configured to be inser-table within a hole or recess in a bone
plate; a release knob having serrations; and a movalble ratchet gear mechanism having a
first leg, a second leg and a tail, the first leg of the reatchet-gear mechanism connected to the

. alignment barrel, the second leg of the ratchet-gear smechanism having pawis configured and
adapted to engage the serrations to hold the alignmesnt barrel in position, the tail of the
ratchet gear mechanism operable by a user to selec-tively move the ratchet-gear mechanism,
wherein, movement of the ratchet-gear mechanism sslides the alignment barrel relative to the

.- bushing to radially expand the forward end to releasaably lock the bushing to the plate, anda

" first drill guide coupled to the bushing, wherein the fi rst drill guide is configured to receive
and guide a drill-bit.
[0016] The first driil guide may be coupled tos the bushing by a first connecting

_ element. The first connecting element may have at least two bores for respectively receiving
at least a portion a bushing therethrough and at leas-t a portion of a drill guide therethrough.

The first drill guide may also be further coupled to thee bushing by a second connecting

-4 -



WO 2005/016128 PCT/US2004/8026399

- element, and the second connecting element may have at least two bores for respectkively

;"receiving at least a portion of a bushirng therethrough and at least a portion of a drill gguide
therethrough.
[0017] At least two bores of thee first connecting element may be separated by a first
distance, and the at least two bores o the second connecting element may be separaated by
a second distance, wherein the first distance may be greater than the second distancze, and

. wherein the second connecting element may be closer to the distal end of the forwared end of
the bushing than the first connecting element. Alternatively, the first connecting elenent
may be closer to the distal end of the forward end of the bushing than the second comnnecting
element.
[o018] The first connecting el@ment may further comprise a fin bore configuread to
receive at least a portion of fin therethrough, wherein at least a portion of the fin in
configured to engage at least a portioon of a hole or recess when the bushing engage=s a

g bone-plate.

- [0019] The drifl-guide assembly may further comprise a second guide couplemd to the
bushing, wherein the second drill guicle is configured to receive and guide a drill-bit. The
‘second drill guide may be coupled to the first drill guide. The first and second drill gLaide may

i be coupled to the bushing by a first connecting element. The first connecting elemert may
have at least three bores for respectively receiving at least a portion of the first drill g1uide
therethrough, at least a portion of the second drill guide therethrough, and a least a yoortion

- of the bushing therethrough.

[0020] The first connecting element may further include a fin bore configureds to
recelve at least a portion of fin theretirough, wherein at least a portion of the fin in

. configured to engage at least a portion of a hole or recess when the bushing engage+sa
bone-plate.

[0021] The first drill guide and second drill guide may further be coupled to ti-ie

bushing by a second connecting element.
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[0022] The second connecting element may aiso have at least three bores for
respectively receiving at least a portion of the first drill guide therethrough, at least a port ion
of the second drill guide therethrough, and a least a portion of the bushing therethrough.
[0023] The bores of the first connecting elerinent receiving first and second drill
guides are separated by a first distance, and the bowres of the second connecting elemerit
receiving first and second drill guides are separated. by a second distance, wherein the f irst
distance is greater than the second distance, and w-herein the second connecting eleme=nt
-may be closer to the distal end of the forward end o=f the bushing than the first connectinsg
element. Alternatively, the first connecting element may be closer to the distal end of th e
forward end of the bushing than the second connecsting element.
[0024] The first drill guide may have a longi~tudinal axis, and when the bushing is
locked to a bone-plate, the longitudinal axis of the f irst drill guide may generally be aligrmed
with a first bone-fastener hole of the bone-plate. THne drill-guide assembly may further
comprise a second drill guide configured to receive and guide a drill-bit and coupled to &the
bushing, the second drill guide having a longitudinaal axis, and when the bushing Is lockeed to
" a bone-plate, the longitudinal axis of the second drill guide may be generally aligned witkha
»second bone-fastener hole of the bone-plate. The recess of the bone-plate includes at least
one shaped area and a slot.
[0025] An alternative method for drilling holles in bone is also described, compri sing
the steps of: (a) providing a drill-guide assembly, ceomprising an alignment barrel havingg a
proximal end and a distal end; a bushing configure-d to slidably receive the alignment baarrel,
the bushing having a radially expandable forward-end and a proximal end, the forward—end
configured to be insertable within a hole or recess in a bone plate; a release knob havirag
serrations; and a movable ratchet gear mechanisi having a first leg, a second leg and  aftail,
the first leg of the ratchet-gear mechanism connected to the alignment barrel, the secomnd leg
of the ratchet-gear mechanism having pawls configured and adapted to engage the

serrations to hold the alignment barrel in position, #he tail of the ratchet gear mechanisrm
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operable by a userr to selectively move the ratchet-gear meachanism, wherein, movement of
the ratchet-gear miechanism slides the alignment barre! reMative 1o the bushing to radially
expand the forwar—d end to releasably lock the bushing to the plate, and at least a first guide
coupled to the busshing, wherein the first drill guide is confiigured to receive and guide a drill-
bit; (b) inserting te bushing into a recess of a bone plate; - (c) aligning at least the first drill
guide with a first Eone fastener hole in the bone-plate; (d) expanding the bushing in the
recess; (e) lockinag the bushing to the plate; (f) inserting a drill-bit into the first drill guide; and
(g) drilling a first Fole.

[0026] At least a portion of the forward end of the bushing may be configured to fit in
at least a portion of the recess. The bushing may be locleed to the plate by locking the
alignment barrel and bushing in fixed relation to each oth er. The drill guide assembly may
further comprise a second drill guide coupled to the bushaing, wherein the second drill guide
is contigured to r-eceive and guide a drili-bit.

[0027] Tkne method may further comprise the stepos of inserting a drill-bit guide into
the second drill cguide, and drilling a second hole.

10028] A kit for use with drilling bones s also desscribed, comprising: (a) a drill-guide
assembly, comp rising an alignment barrel having a proxlimal end and a distal end; a bushing
configured to sliciably receive the alignment barrel, the baushing having a radially expandable
forward-end andll a proximal end, the forward-end configiLred to be insertable within a hole or
recess in a bone plate; a release knab having serrations ; and a movable ratchet gear
mechanism haviling a first leg, a second leg and a tail, thee first leg of the ratchet-gear
mechanism conmnected to the alignment barrel, the secornd leg of the ratchet-gear
mechanism haviing pawis configured and adapted to engyage the serrations to hold the

~ alignment barrel in position, the tail of the ratchet gear nechanism operable by a user to
selectively move2 the ratchet-gear mechanism, wherein, movement of the ratchet-gear
mechanism slidees the alignment barrel relative to the bumshing to radially expand the forward

end to releasabMy lock the bushing to the plate; (b) at lezast first and second drill guides able
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to be coupled to the bushing; and (c) at least first and second connexcting elements for
coupling at least one drilll guide to the bushing.

[0029] At least the first and second drill guides may have di—fferent lengths, and at
least the first and seconcd drill guides may have different diameters—. At least the first and
second connecting elemaents may each have a bore for receiving ak least one dril guide
therethrough and a bore= for receiving a bushing therethrough, whemrein the bores of the first
connecting element havee a first arrangement, and the bores ofthe second connecting
element have a second arrangement, and wherein the first arrangeament may be

substantially different th=an the second arrangement.

BRIEF DESCRIPTION OF THE DRAWINGS

{0030] Preferred features of the present invention are discl osed in the accompanying
drawings, wherein similaar reference characters denote similar elermnents throughout the
several views. While th e presentation is desired and its features p=resented according to
certain illustrated embosdiments it is to be understood that the invemntion is not so limited to
the particular embodiments shown and desctibed, wherein:

[0031] FIG.1is aperspective view of a first embodiment omf a drill-guide assembly;
[0032] FIG.2is across-sectional view of an embodiment of an alignment drill-barrel
that may be used with tlhe assembly of FIG. 1;

[0033] FIG. 3is apartial cross-sectional view of another emmbodiment of an
alignment drill-barrel thaat may be used with the assembly of FIG. W,

[0034] FIG. 4 is- a cross-sectional view of an embodiment eof the bushing;

[0035] FIG. § is= a side view of the dual-arm support attachmed to the bushing and
handle member;

- [0036]) FIG. 6 iss a perspective view of the Y-shaped ratcheat-gear mechanism;

[0037] FIG. 6A is a side view of the Y-shaped ratchet-geamr mechanism;
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[0038] FIG. 6B is a perspectivea view of the drill-guide assembly showing the ratchet-
. gear mechanism connected to the dua |-arm support;

[0039] FIG. 7 is a side view of “the release knob;
[0040] FIG. 7A is a perspective view of the ratchet-gear mechanism engaging the

release knob;

[0041] FIG. 8 is a side view of the handle member of the drill-guide assembly;
[0042] FIG. 9 is a side view of the bushing with fingers in retracted position;

[0043] FIG. 10 is a side view Of the bushing with fingers in expanded position; and
[0044] FIG. 11 is a perspectivee view of the drill-guide assembly of FIG. 1 engaged to
a bone-plate.

[0045] FIG. 12A is a perspective view of another embodiment of a drill-guide
assembly with drill guides; '

[06046] FIG. 12B is another pearspective view of the assembly of FIG. 12A;

[0047] FIG. 12C is a partial tosp view of an exemplary bone plate that can be used
with the assemblies of FIGS. 1 and 122A;

[0048] FIG. 13Ais a top view of a proximal connecting element for use with the
assembly of FIG. 12A; and

- [0049] FIG. 13Bis a top view of a distal connecting element for use with the
assembly of FIG. 12A.

DETAILED DESCRIPTION OF THE INVEN"TION

[0050] Referring to FIG. 1, th<ere is shown an exemplary surgical drill-guide assembly
5, which is adapted for use with a cemvical spine-locking bone plate having a plurality of

) fastener holes. While the surgical drili-guide assembly is described in conjunction with a

_ cervical locking plate it will be appreciated that the reference to a cervical locking plate is

only exemplary, and that the surgicall drill-guide assembly can be used with a variety of bone
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plates, including a locking and a nonlocking bone-plate as well as for example, bone plates
for long bones, maxillofacial applications, stc.
[0051] This embodiment of & drill-guide assembly 5 can be secured or locked into a
- tastener hole in a bone plate. A related embodiment of a drill-guide assemkoly 500 that can
be secured or locked into a drill recess 354 is shown infrain FIGS. 12A-13E3. Locking or
. securing may facilitate precision in the surgical procedure, for example, dril ling or fastening
screws or other similar fasteners. Noreover, the drill-guide can be quickly edstached and
released from the bone-plate improwing the speed of surgical procedures irwolving drilling of
-- similar procedures.
;[0052] Drill-guide assembly” § may include an alignment assembly —15, a release knob
100, a handle member 250, a ratchxet-gear mechanism 50, and a dual-arm  support 10.
{0053] The alignment assermbly 15 may comprise an alignment drilll-barrel 150 and a
bushing 200. A surgeon or a user «<an releasably attach the alignment asssembly 15 in the
- fastener hole 352 of a bone-plate 350. Other attachment options are disctussed infra,
- particularly in relation to FIGS. 12A-13B. A drill-bit or other such instrumemnt can be inserted
" into and through the alignment asssembly 15.
[0054] Referring to FIG. 2, an embodiment of the alignment drill-baarrel 150 is shown.
The alignment drill-barrel 150 may have a through bore 185 from its proxirnal end 174 to its
distal end 172. A drill-bit or other 1 nstrument may be inserted through the bore 185. In the
“embodiment of FIG. 2, the drill-bar-rel comprises a first hollow cylindrical seection 156 with an
:annular diameter of xi», a second Ihollow cylindrical section 168 with an insside annular
diameter of x,s, and a third hollow cyiindrical section 160 with an inside arnular diameter of
Xo4, Wherein Xz is smaller than xg. and xss is smaller than xi». The outsid-e surface of the
alignment drill-barrel 150 comprisess a shoulder 162 and a shoulder 164 woherein the outside
diameter of the first section 166 is x4 which is greater than the outside disameter xx of the
second section 168. x4 has an exemplary diameter of 3 mm to 10 mm, p-referably about 8

mm. The third section 170 is a co nical section that tapers from an outsidea diameter xz; at

-10-
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shoulder 164 to a diamester xe at the distal end 172. The proximal end 174 of the alignment
drill-barrel 150 preferabmly has first circular ridge 152 and second cimrcular ridge 154. The first
and the second circular ridges 152 and 154 respectively, have an coutside diameter Xqs.
[0055] In this emmbodiment, the first circular ridge 152 is flussh with the proximal end
174 of the alignment dwril-barrel 150. The conical section 170 tape=rs from an outside
diameter x at the trarnisition 164 to an outside diameter Xze at endll 172. Preferably, inner
diameter x,4 is constaritalong the length of conical section 170 of alignment drili-barret 150
as defined along cente=r line 180.

[0056] Referrirg to FIG. 3, an alignment drill-barrel 150 according to another
‘embodiment is shown . In FIG. 3, alignment drill-barrel 150 is holl ow with a cylindrical
section 182 and a tapsered, conical section 184 to facilitate movernent of alignment drill-
barrel 150 within busting 200. Cylindrical section 182 has outsidlle diameter xs, while conical
section 184 tapers fromm an outside diameter xs at the transition 1 86 to an outside diameter Xs
at the distal end 188.  Preferably, inner diameter x; may be consiant along the length of
alignment drill-barrel —150 as defined along center line 190.

[0057] Referrling to FIG. 4, a bushing is shown. Bushing 200 may coaxially receive
alignment drill-barrel 150 about a central line 240. Bushing 200 mmay be substantially

‘ . symmetrical about linse 240. The forward end 222 of bushing 20€@0 may preferably be
comprised of longitucinally extending fingers 210. Individual fincgers 210 may be separated
by slits 204 extendingg longitudinally between adjacent fingers 2 0. Slits 204 as shown, for
example, in FIG. 4, nmay include a circular portion 206 that serve=s to minimize stress

' concentration when fingers 210 are flexed. Fingers 210 may be- resiliently biased inwardly
and naturally assume= an inward disposition when in a relaxed s#tate. At a front portion of the
expandable forward - end 202 of bushing 200, the fingers 210 maxay form a radially expandable
circumferential neck 208. At the back end of and adjacent to ne2ck 208 may preferably be a
shoulder 212.

-11-
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[0058] Neck 208 may span a length that is slighatly longer than the thickness of tie
fastener hole wall from the bone-side surface to the topw surface of a bone-plate. Thus, reck
208 can be inserted into the bone-plate fastener hole 3 52 and the fingers 210 expandedii to
secure the bushing =200 to the plate. More particularly, movement of alignment drill-barr=el
150 within bushing 2200 may expand fingers 210 to sec ure the bushing 200 to the bone golate.
In this manner, the crill-guide assembly can be securecd to the plate, restricting relative
movement. In a pre=ferred embodiment, fingers 210 fowrming a radially expandable rim 2-14
may be provided at the front end of and adjacent to ne=ck 208.
[0059] In armother embodiment, the distal end 2222 of the bushing 200 may not
contain the rim 214 the neck 208 or the shoulder 212, but instead has a tapered end w ith
the inner and the awater diameter of the tapered end de-creasing from point 220 shown irx FIG.
4. In such an smbcoadiment, the taper is such that it mamy fit freely through a fastener holeeina
bone plate.
[0060] In alt=emate embodiments, no rim may ke used. The several portions of
bushing 200, i.e., thme neck 208, the shoulder 212, and the rim 214, may preferably be aa
single piece of material of unitary construction.
[0061] In otlher alternate embodiments, fingerss 210 need not include a shoulder—,
neck, and/or a rim.  Instead, for example, a small pin nmnay be used to secure the bushirmg to
the plate. In an altearnatively preferred embodiment, trme inward bias of fingers 210 is
selected to produce= the desired friction with the bone-gplate 350 so that the fingers 210 it
snugly within the bone-plate fastener hole 352 (or drill recess 354, as discussed infra irm
relation to FIGS. 12=A-13B), preferably allowing operat®on of handle member 250 with omnly
"_pne hand. Alternatiive resiliency for fingers 210 may b-e varied to suit the purpose of thes
design.
[0062] In a goreferred embodiment bushing 200 has one or more longitudinal slasts on
. its side 224 in axial direction 240 just above the circulzar portion 206. These slots provicie

better cleaning duriang autoclave or other disinfection amnd/or cleaning procedures.

-12-
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[0063] Referring to FIG. 4, bush ing 200 has a circumferential ridge 218 with an outer
. diameter xs, and a region 216 has an otter diameter Xs. Xs has an exemplary dimension of 4
mm to 20 mm, preferably about 8 mm.
[0064] As shown in FIG. 5, in ore embodiment, dual-arm support 10 connects the
handle member 250 to the'alignment assambly 15. More specifically, in the exemplary
embodiments of FIGS. 1 and 2, the duaml-arm support 10 is fixedly connected at its end to the
proximal end 174 of the alignment asse=mbly 15. Dual-arm support 10 preferably is generaily
“| -shaped” with first part 14 connected 1o bushing 200. More specifically, end 12 of dual-
arm support 10 is attached to ridge 2188 at the proximal end 242 of the bushing 200.
[0065] The dual-arm support 10 is preferably fixed with the bushing 200 by welding.
In an alternative embodiment, friction fiftting, press fitting, and such can be used. Outer
_ diameter x; of ridge 218 is about the samme size as inner diameter x; of the clamp 12 of the
. dual-arm support 10. Bushing 200 mayy also be fixed to dual-arm support 10 by releasable
fastener means. First part 14 is generally perpendicular to the axial direction of the
alignment assembly 15 or the bushing =00. The second part 16 of the dual-arm support 10
_ preferably forms an obtuse angle 84 with the first part 14 of the dual-arm support 10. 04
may range from about 90° to about 180°, and more preferably from about 105° to about
1352, Dual-arm support 10 and handle member 250 are fixedly connected by a dowel pin 20
at the front end of the handle member 2250, so that they are immovable with respect to each
other. In the preferred embodiment, hzandle member 250 is located remotely from the drilling
site, thereby increasing visibility near the locking bone plate 350.
[0066] As shown in FIG. 5, the second part 16 of the dual-arm support 10 may be
attached to the first part 14 by a dowel pin 18, or the dual-arm support 10 may be an
_ integral, monolithic construction. The ssecond part 16 of the dual-arm support 10 also forms
an obtuse angle 8y, with the handle mesmber 250. B+ may range from about 90° to about
1802, and more preferably from about ¥ 05% to about 1352. The handle member 250 and the

"dual-arm support 10 generally form an “S” shape or a zigzag shape, and ina preferred

-13 -
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embosdiment, the longitudinal axis 24 of the First part 14 and the longitudinal axis 26 of thes
secorad part 16 lie in the same plane. The longitudinal axis 280 of the handle member 250
also pPreferably lies in the same plane as the longitudinal axis 24 of the first part 14 and the
longit wdinal axis 26 of the second part 16 of the dual-arm support 10. Preferably the
longitudinal axis 24 of the first-part 14 of the dual-arm support 10 is generally parallel witth

_ the loengitudinal axis 280 of the handle merraber 250.

'. [0067] Referring to FIG. 6, there is sshown an exemplary embodiment of the ratcinet-
gear wnechanism 50. The ratchet-gear mechanism 50 allows the user to manipulate the
lockirg and release of the drill-guide assenbly 5 with the bone-plate 350 by engagemert
and clisengagement, respectively, of the pawis 58 with the serrations 102. The ratchet-gyear
mechanism 50, in a preferred embodiment is generally y-shaped” with a first leg 52, a
secomd leg 54, and a tail 56.

[00638] The first leg 52 of the ratchest-gear mechanism comprises a generally C-
shap~ed vice-grip 60 at its end, and a pivot hole 62 for insertion of a pivot screw 64. The C-
shapeed vice-grip 60 grips the afignment dri 1I-barrel 150 in between the first ridge 152 arad
seco-nd ridge 154 (see also FIG. 2) locateds at the end 174 of the drill-barrel 150. As shown

" inFI&G. 6A,ina preferred embodiment, the plane of the C-shaped vice-grip 60 that form s an
| antesrior portion of the first leg 52 of the Y-sshaped ratchet-gear mechanism 50 makes am

© - acute= angle 64 with the longitudinal axis 64 of the first leg 52 of the Y-shaped ratchet-ge=ar
mechhanism 50. At the point of inflexion bestween the longitudinal first leg 52 and the C-
shaped vice grip 60, pivot screw 64 and hole 62 are located. This pivot mechanism 62 helps
the rmovement of the alignment drill-barrel 150. Ina preferred embodiment, the acute angle
is freom about 25° to about 45°. In a furthewr preferred embodiment the acute angle 84is such
that =when the ratchet-gear mechanism 50 is completely disengaged from the serrationss 102
of thee release knob 100, the alignment drill-barrel 150 can be removed from the bushingg 200
in a Mongitudinal direction away from the firigers 210 by moving the ratchet-gear mechamism
50 irm a direction away from the handie meanber 250, about the pivot screw 64. 64 may e 0°
" to 909, with an exemplary dimension of 60<.
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[0069] The second leg 54 of the Y~ shaped ratchet-gear mechanism 50 comprises

_ horizontal pawlis 58 which engage serratiomns 102 at the end of the release knob 100. The

.-tail 56 of the Y-shaped ratchet-gear mechaanism 50 acts as a trigger for a user to apply a

force to actuate movement of the alignmert drill-barrel 150.
[0070] Referring to FIG. 7, the rele=ase knob 100 is pivoted abouta dowel pin 106

which is inserted through the dowel pin hosle 104 in the release knob 100, and the release

~ + knob hole 142 in the second part 16 of thes dual-am support 10. With pivotal support from

the dowel pin 106, the serrations 102 on tihe surface of the release knob 100 can engage
with the pawls 58 on the second leg 54 of the Y-shaped ratchet-gear mechanism, when the
tail 56 (trigger) of the Y-shaped ratchet-meechanism is pressed or moved in a direction
toward the handle member 250. In a pref-erred embodiment, the release knob 100 has a
rubber sleeve 106 or a sleeve made from a material which provides a firm traction when the
stirgeon or the user presses the release kxnob 100. Alternatively, or additionally the surface
of the release knob may have surface tex-turing to increase the traction when a surgeon or a
user manipulates the release knob 100. |
[0071] Referring to FIG. 8, handles member 250 is shown. Handle member 250 is
generally oval shaped with broad groovess 252 on top to provide better grip to the surgeon or
user when using the drill-guide assembly 5. At the front end 254 of the handle member 250,

there are two cavities, the first cavity 256 and the second cavity 258. The first cavity 256

has an axis along line 260 and the seconed cavity 258 has an axis along line 270. The first

cavity 256 houses compression spring 2772 and the second cavity 258 houses the dual-arm
support 10, or more specifically the secord part 16 of the dual-arm support 10. The second
part 16 of the dual-arm support 10 is fixecd to the handle member 250 by a dowel pin 20.
The dowel pin 20, in a preferred embodinment, is generally perpendicular to the axis 280 of
the handle member 250. Exemplary dimeensions of the handle are 100 to 150 mm long with
a width at the widest point of 15 mm to 40 mm.
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[0072] When a surgeon or a user presses the trigger 56, toward handie memb»er

250, the ratchet-gear mechanism 50 swivels. Due to the movement of the Y-shaped mratchet-
gear mechanism 50 in the direction ©f the handle member 250, the alignment drill-bar-rel 150
maves the bushing 200 in the downward direction toward the bone-plate 350. Due tos the
conical shape 170 of the alignment «rill-barrel 150 (FIG. 2), the fingers 210 on the bu shing
200 expand in an outward direction as the front end 172 of alignment drill-barrel 1 50
approaches the front edge 214 of baushing 200. When the outward diameter of the firgers
210 matches that of the fastener hole 352, the drill-guide assembly 5 locks to the bore-plate
350. A surgical drill-bit 400 or any ©ther appropriate bit, screw, tap, awl, or such dev-ice, can
be inserted through the alignment cirill-barrel 150.

[0073] Alignment drill-barres] 150 may be configured and dimensioned to be slidably
received within bushing 200. The a&lignment drill-barrel 150 and bushing 200 may cooperate
to permit drill-guide assembly 5 to lock to a bone plate 350. The conical section 184 of the
alignment drill-barrel 150 may coopoerate with fingers 210 of bushing 200 to expand fingers
210 when the alignment drill-barre 1 150 is moved into a locked position. The conicaLl section
184 of alignment drill-barrel 150 muay push outwardly against the inner surface of the bushing
200 as alignment drill-barrel 160 is moved forward to expand the forward end 214 of the
bushing 200. in this embodiment, the conical section mates with and pushes again st the
inner surface of the bushing 200 forward of circular portion 206 of slits 204 in fingers 210, to
push the fingers 210 radially outwzard (see FIG. 4).

[0074] Alignment drill-barr-el 150 may be aligned within bushing 200, such that center
line 240 or 190 may be collinear vwith line 180. When bushing 200 is placed in a fasstener
hole of a bone plate, and ratchet-gear mechanism 50 is actuated such that the alm-ost fully
actuated position is reached (i.e. “when trigger 56 is substantially paraliel to handle member
250), end 172 of alignment drill-barrel 150 may be substantially coplanar with rim 214 of

bushing 200. It should be noted &that alignment drill-barrel 150 may be coaxially re<ceived in
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bushing 200 which may also be the path of surgical drill-bit 400 inserted in cannula 182 of

' the alignment drill-barrel 150.
[0075] Generally, a surgeon or user should continue to depress the trigger 56 and
handle member 250 toward each otheer to maintain an actuated position of Y-shaped ratchet-
gear mechanism. Depending on the size of the fastener hole 352 (or drill recess 354, se&
FIGS. 12A-13B) and the firmness of &he locking desired, the pawis 58 located on the second
leg 54 of the Y-shaped ratchet-gear rnechanism 50 may engage with the serrations 102 ©on
the release knob 100 holding the ratchet-gear mechanism 50 in place. The release knobs
100 preferably may be held fimn in itss position by the compression force of the spring
mechanism 272, which may be located at the front end 254 inside the cavity 256 of the
handle member 250. With the ratchest-gear mechanism 50 provided in this drill-guide
assembly 5, the serrations 102 on thwe release knob 100 can be used to releasably lock -
shaped ratchet-gear mechanism 50 at the desired level of actuation. This may obviate tlhe
need for a surgeon or user to continaue to depress the trigger 56 relative to handle membmer
250 after desired actuation has occuirred. The pawls 58 on the second leg 54 of the Y-
shaped ratchet-gear mechanism 50 may engage the serrations 102 on the release knob- 100
when the trigger 56 is pressed sufficiently. The release knob 100 may be held in a fixedd
position as a result of the compress ion force exerted by the compressed spring 272.
[0076] When the release kn ob 100 is pressed in the direction of the front end 254 of
the handle member 250, the spring member 272 may be compressed, the pawls 58 mawy be
disengaged from the semations 1022, and the Y-shaped ratchet-gear mechanism 50 mayw
become unactuated. When the Y-s-haped ratchet-gear mechanism 50 is unactuated, thee
force that is keeping the alignment «drill-barrel 150 in a position toward fingers 210 may e
released. As a result, the alignmermt drill-barrel 100 may no longer be pushing the fingerrs
210 on the bushing 200 in an outwaard direction toward the bone-plate 350. The alignmeent
drillbarrel 150 can be then moved 3n a longitudinal direction away from the fingers 210 on
the bushing 200. As a result, the bwshing 200 may assume a retracted position as

demonstrated in FIG. 9. Once the Fingers 210 retract, the drill-assembly 5 may unlock ~rom

-17 -



WO 200-5/016128 PCT/US2004/02639%9

the fastenear hole 352 or drill recess 354 of the bone-plamte 350 and the user or surgeon can
withdraw it.

[0077] When the release knob 100 is pressed teo further compress the spring, the
pawls 58 ranay disengage from serrations 102, thereby ede-actuating the Y-shaped ratchet—
gear mechaanism 50, which in turn, through the pivot action at the pivot screw 64 may ressuft
in the mov=ement of the alignment drill-barrel 150 in a dllirection away from the bone-plate

350.

{0078] Advantageously, a surgeon or user can operate drill-guide 5 with only onea
hand, due= to the ergonomic positioning of irigger 56 ard handle member 250. With the
embodimeant illustrated in FIG. 1, a user can attach thes drill-guide by using a finger, such: as
an index f inger, to engage and manipulate the tail 56 ot the ratchet-gear mechanism 50, and
while a seecond different finger, such as a thumb, to enegage and manipulate the release Eknob
100.

[0079] When the alignment drill-barrel 150 is ir the unlocked position as shown in
FIG. 9, thee conical section 184 allows fingers 210 to reaturn to a relaxed, contracted positTion.
This allowws bushing 200 to be inserted and retracted frrom plate fastener hole. The innew
surface off the bushing 200 forward of steps 220 in busshing 200 is preferably tapered at an
angle 6 to line 240 that is about 1 degree more than ®&aper angle 6 of conical sections —184,
and prefe rably angle 8g is about 4 degrees. A desiralole amount of movement of alignme«ent
drill-barre-1 150 within bushing 200 is thus provided to Bbias fingers 210 of bushing 200 from a
contractesd position to an expanded position. Alternatiive taper angles of conical section 184
and inner- surface of bushing 200 may be chosen according to varying design criteria. 1M
addition, aa preferred, short movement of trigger 56 (ramtchet-gear mechanism 50) is requ ired
to expancd and contract fingers 210 of bushing 200.

[0080] Before and during bone plate implantaion, the surgeon or user may insewrtthe
expandabole distal end 222 of bushing 200 in particula r neck 208 and rim 214, into fasterer

hole 352 «or drill recess 354 in a bone plate 350. By p-ressing trigger 56 of the Y-shaped.
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ratchet-gear meechanism 50 relative to the handle member 250, the surge-on or user may
grasp and mamaipulate the plate 350 without an additional plate holder if seo desired. Friction
between the fo rward conical section 184 of the alignment drill-barrel 150 aand the inner
surface of fingears 210 especially at neck 208 and rim 214 may retain the -expandable distal
end 222 of busshing 200 in an expanded, locked position. Thus, when busshing 200 is in the
expanded, loct<ed position in a fastener hole of a plate placed in position —for implantation,
movement of thhe plate during the drilling operation can be minimized.

[0081] Drill-barrel 150 may preferably be sized so that once the beone plate 350is
properly positiconed over the implantation site and bushing 206 is locked o the plate, the
insertion point of a surgical drill-bit 400 at the proximal end of drill-barrel —150, is located ata
distance beyord the patient's body such that a spinning surgical drill-bit <300 will not laterally
reach or harm surrounding tissues that the surgeon or user does not inte- nd to drill.

[0082] Preferably, the surgical drill-bits used with surgical drill-gu-ide assembly 5 are
configured anc dimensioned to drill holes of about 12, 14, or 16 mm in deapth. Suitable drill-
bits typically haave integral stops so that when the drill-bits are used with aalignment drill-barrel
of an establistmed length, the holes produced by the drill-bit will not be deeeper than the
intended depti using a given bit. The stops may be positioned to abut trme upper surfaces at
the proximal emnd of drill-barrel 150, when a drill-bit has been inserted in the barrelto a
particular dept h.

[0083] Another embodiment of a drill-guide assembiy 500 is showswn in FIGS. 12A-
13B. As with Crill-guide assembly 5 (see FIG. 1, supra), assembly 500 may include an
alignment asseembly 515, release knob 600, handle member 650, ratchet=-gear mechanism
550, bushing 450 with fingers 570 and slits 572, and a dual-arm support 610, the
components off which may exhibit some or all of the characteristics of thee corresponding
components deescribed above in relation to assembly 5.

[0084] Drill-guide assembly 500 may also include first and secon=d drill guides 502,

504 for use wit:h surgical drill (e.g., 400). Drill guides 502, 504 may be connected to bushing
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450 by proximal ancd distal connecting elements 510, 512, which are discussed in more
detail below in relation to FIGS. 13A-13B. Drill guides 502, 504 may also have proximal
ends 506, 508 and distal ends 516, 518, with a bores 507, 509 extending therebetween.
The bores 507, 509 should be sized to receive at least a portion of a surggical drill, and
should preferably align with a bone fastener hole 352 during use. Drill guiides 502, 504 may
have a length L, L= (see Figs. 12A-B) from about 150 mm to about 350 snm, and more
preferably, a length of about 260 mm. Generally, drill guides 502, 504 haave a greater length
than bushing 450. Drill guide lengths L4, Lo may or may not be approxim ately equal.

[0085] Bores 507, 509 may have a variable diameter By, B, along the length L4, Lo of
.drill guides 502, 504. Bore diameter B,, B, may have a diameter of aboust 5 mm to about 15
mm at proximal ertds 506, 508 and/or distal ends 516, 518.

{0086] Drill-guide assembly 500 may be used with the plate showwn in FIG. 12C.
Plate 350 may hawe a plurality of fastener holes 352 and at least one drilll recess 354 in body
351. Recess 354 may have shaped areas 356a, 356b with midpoint 35833, 358b, with a
distance MPD betwveen midpoints. Recess 354 may also have a slot area 360 extending
between shaped aareas 356a, 356b.

[0087] Altematively, recess 354 may at least partially comprise & polygonal shape,
such as a hexagor, rectangle, or square. The recess 354 may also take the shape of a
plurality of polygoral shapes, for example, two overlapping hexagons maay comprise the
shape of the recesss 354 to form a combination-polygonal recess. These embodiments may
be particularly usexful in bone-plates with a reduced area in which to place a recess 354 for
purposes of alignimg assembly 500.

[0088] In use, the fingers 570 of bushing 450 of assembly 500 may be inserted into
drill recess 354, irestead of fastener hole 352. The engagement and/or | ocking of the
bushing 450 withir a drill recess 354 may take some or all of the characteristics of the
engagement and/©r locking of bushing 200 with a fastener hole 352, as described above.

Generally, it may be prefarable for the bushing 450 to engage the drill recess 354 at shaped
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are=a 356a, 356b. The placement and locking of bushirng 450 at shaped area 356a may align
drill guides 502, 504 with fastener holes 352a, 352b, re=spectively. Similarty, the placem ent
ancA locking of bushing 450 at shaped area 356b may &xlign drill guides 502, 504 with
fastener holes 352¢, 352d, respectively.

[00»89] Assembly 500 may also have a fin 514 —to assist the insertion, locking, armdfor
alicgnment of the assembly in a drill recess 354. Fin 511 4 may generally be an elongatedi
cormponent, with at least a portion of the fin 514 secureed in the distal connecting elemert
5122 at fin bore 536 (see FIG 13B). In use, when the bsushing engages a shaped area 3.56a,
35e8b, the fin concurrently engages slot 360. The fin 5«14 may or may not touch the sides of
the slot 360 when the bushing 450 is fully inserted intO a shaped area 356a, 356b.

(00901 FIG. 13A is a top view of a proximal comnnecting element 510, and FIG. 1 3B is
a t-op view of a distal connecting element 512. Proxinmal connecting element 510 may have a
bu shing bore 530a, and first and second drill guide boores 532a, 534a. First and secon«d drill
guide bores 532a, 534a may have respective midpoinats 537a, 539a, wherein a distancee D,
Ve)ctends between midpoints 537a, 539a. Distal conne=cting element 512 similarly may Fave a
bumshing bore 530b, and first and second drill guide boores 5320, 534b with respective
mi=dpoints 537b, 539b. Midpoints 537b, 539b may havve a distance D, between them. Distal
comnnecting element 512 may also have a fin bore 5365 located near the bushing bore 530b.
Fim bore 536 may receive at least a portion of a fin 51 4, as discussed above.

[0e091] Bushing bores 530a, 530b may receive= at least a portion of a bushing 4- 50.
Lik<ewise, first and second drill guide bores 532a, 534-a, 532b, 534b may receive at leassta
portion of a first and second drill guide 502, 504, respeectively. Generally, the proximal
connecting element 510 may be situated near the prcoximal ends 506, 508 of first and ssecond
dr-#ll guide 502, 504, and the distal connecting slemermt 512 may be situated near the distal
erds 516, 518 of the first and second drill guides 502, 504. While the embodiment in FFIGS.

122A-12B show two connecting elements, 502, 504, it contemplated that only one conn €cting
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element could be used, or that more th an two connecting elements could be utilized with a
single assembly 500.
[0092] The placement of the bores in the connecting elements 510, 612 may
determine the angles and arrangemen-ts of which the bushing 450 and first and second drill
Quides 502, 504 are situated in relatior to one another. For instance, the embodiment
shown in FIGS 12A-13B utilizes proxirmnal connecting element 510 with distance D, largew
than the distance D; of the distal conneecting element 512. The result of this arrangemertis,
as bushing 450 and first and second diril guides 502, 504 are generally linear, that the
bushing and drill guides are generally convergent from the proximal end of the assembly~ to
the distal end of the assembly 500. H«owever, itis contemplated that D, and D2 could be
substantially equal, thereby creating a.n arrangement where the bushing and drill guides
would be substantially parallel. Moreover, D, may be greater than D,, thereby creating aa
divergent relationship between the busshing and/or drill guides from the proximal to the d istal
end of the assembly 500. Generally, Booth Dy and D, may be from about 5 mm to about <35
mm. The sizes of the bores of each ¢ onnecting element 510, 512 may generally fit a de sirad
- engagement portion of a bushing ands/or drill guide.
[0093] Those skilled in the art will recognize that bushing 200, 450 may be
configured and dimensioned to fit bory € plate fastener holes and/or drill recesses with stwmapes
* other than circular. For example, busthing 200, 450 may be adapted to fit elliptical,
hexagonal, star-shaped, or square tasstener holes and/or drill recesses.
[0094] Preferably, the comporents of surgical drill-guide assembly 5 are metallic,
passivated, and electropolished. Mosst preferably, the components are formed of stainlexss
steel, except for the springs which are2 formed of spring steel, although other materials nnay
be used. Preferably, at least the hanclle member is forged, while the other components may
be machined, and the surgical drill-gu ide assembly preferably has a matte finish so that the
surfaces of the components do not re¥lect operating room light in such a manner as to

distract the surgeon or user. Some components may be subjected to heat treatments s©
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that the surfaces are work hardened. The surfaces amre preferably burr-free. Preferably, tthe
surface finish allows individual components to move wvith respect to each other in a smoo=th
and non-binding fashion through each component's esntire range of motion. Additionally, all
pins and fasteners are preferably fiush with the surfaeces into which they are fixed.
[0095] The present invention also involves several methods of drilling holes. In ©ne
embodiment, a surgeon or user may insert the bushimng of a surgical drill-guide assembly~ into
a fastener hole of a bone-plate and may depress the- ratchet-gear mechanism to slide thee
-alignment drill-barrel forward, expanding the bushingg preferably by the conical portions of the
alignment drill-barrel radially spreading the fingers irm the bushing. The surgeon or user may
then lock the bushing to the plate by locking the aligmment drill-barrel and the bushing irm
fixed relation to each other, which thereby may relie=ve the surgeon or user of the need tto
squeeze the ratchet-gear mechanism toward the ha ndle (see FIG. 11). The surgeon or user
may align the surgical drill-bit along the drilling axis defined through the center of the bomre in
the alignment drill-barrel and inserts the drill-bit in tHe barrel. The surgeon or user then may
drill a first hole coaxial with the central axis of a first fastener hole in the plate. The drill—bit
may be stopped at a predetermined distance to pro-vide a hole of predetermined depth. The
drill-bit may be removed from the alignment drill-baarrel. The bushing may thereafter be=

unlocked from the plate by pressing the release knob, which may release the bushing f rom

the fastener hole so that the user can then freely ard unfetteredly remove the drill-guid-e
assembly from the piate.

[0096] In another embodiment of use, a suargeon or user may insert the bushing ofa
surgical drill-guide assembly into a shaped area drillll recess of a bone-plate and may

depress the ratchet-gear mechanism to slide the allignment drill-barrel forward, expandlling
the bushing preferably by the conical portions of th.e alignment drill-barrel radially spreaading
the fingers in the bushing. The fin of the assembly~ may concurrently engage the slot of the
recess. The surgeon or user may then lock the busshing to the plate by locking the aliggnment
drill-barrel and the bushing in fixed relation to eachn other, which thereby may relieve the

= surgeon or user of the need to squeeze the ratchet-gear mechanism toward the handiee (see
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FIG. 11). The surgeon or user may align the surgical drill-bit along the drilling axis de=fined
through the centers of the bores of the ¥irst and/or second drill guides and may inserit the
drill-bit into the bores as desired.

[0097] While the invention has Ybeen shown and described herein with refere=nce to
particular embodiments, it is to be understood that the various additions, substitutior™s, or
modifications of form, structure, arrang ement, proportions, materials, and componeris and
otherwise, used in the practice of the irwvention and which are particularly adapted t© specific
environments and operative requiremesnts, may be made to the described embodimuents
without departing from the spirit and scope of the present invention. For example, t=he
surgical drill-guide assembly may have alignment drill-barrel that can be angulated inthe
cephalad/caudal or sagittal planes, thereby permitting a range of angles to be choseen for the
holes to be drilied and further permittimg a range of spagings of plate holes to be
accommodated. Moreover, alignment drill-barrel that is removeably attachable to tfhe base
may be provided so that a surgeon or user may select alignment drill-barrel with hasles that
precisely accommodate a desired drill-bit size. In addition, the drill-guide assemblyy handie
may include a grip that generally follows the contours of fingers that hold the grip. The
presently disclosed embodiments are therefore to be considered in all respects as illustrative
and not restrictive, the scope of the irsvention being indicated by the appended clai”ms, and

not limited to the foregoing descriptiom.
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THE CLAIMS

What is claimesd is:

9. A drill-guide assembly, comprising:

an alignment barrel having a proximal end and a distaal end;

a bushing configured to slidably receive the alignmerat barrel, the bushing
having a radia lly expandable forward-end and a proximal end, the forward-end configured to
be Insertable wnithin a hole or recess in a bone plate;

a release knob having serrations; and

a movable ratchet gear mechanism having a firstleg , a second leg and a tail,

the first leg of the ratchet-gear mechanism connectesd to the alignment barrel,

the second leg of the ratchet-gear mechanism havineg pawls configured and
adapted to ergage the serrations to hold the alignment barrel in possition,

the tail of the ratchet gear mechanism operable by a_ user to selectively move
the ratchet-ge2ar mechanism,

wherein, movement of the ratchet-gear mechanism =slides the alignment
barrel relativea to the bushing to radially expand the forward end to weleasably lock the

bushing to th € plate.

2. The drill-guide assembly, as recited in claim 1, wherein the ratchet-

gear mecharism is pivotably mounted.

3. The drill-guide assembly, as recited in claimu 1, wherein the release

knob is pivot-ably mounted.

4, The drill-guide assembly, as recited in claima 1, wherein the ratchet-

gear mechamnism swivels incrementally.
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5. The drill-guide assembly, as recit-ed in claim 1, wherein the alignment

. barre comprises a through bore from the distal end to t he proximal end.

6. The drill-guide assembly, as recifed in claim 1, wherein the alignment
drill Darre! further comprises a first hollow cylindrical sesction, a second hollow cylindrical
secti on and a third hollow cylindrical section wherein th e annular diameter of the third
cylindrical section is at least equal to the annular diameter of the second cylindrical section,
and “wherein the annular diameter of the second cylindrical section is at least equal to the

annular diameter of the first cylindrical section.
7. The drill-guide assembly, as reci-ted in claim 1, wherein the annular
diameter of the third cylindrical section is constant alon g the center line of the cylindrical

section.

8. The drill-guide assembly as recit-ed in claim 1, wherein the alignment

barre! further comprises two ridges at the proximal end .

9. The drill-guide assembly, as reci—ted in claim 8, wherein the outside

surface of the alignment drill barrel has a shoulder at tie distal end.

10.  The drill-guide assembly, as reci—ted in claim 8, wherein the outside

diamaeter of the third cylindrical section tapers to form a_ conical shape.

11.  The drill-guide assembly, as recifted in claim 1, wherein the bushing

further comprises radially expandable fingers.
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12. The drill-guide assembly, as recited ir claim 11, wherein the fingers
form aradially expandable circumferential neck and assu me an inward unexpanded

dispoOsition in relaxed state.

13. The drill-guide assembly, as recited ir claim 12, wherein the bushing

furtheer comprises a shoulder adjacent to the radially expandable circumferential neck.

14. The drill-guide assembly, as recited imn claim 11, wherein the distal end
of thee bushing comprises a tapered end with the inner armd the outer diameter of the

tape red end decreasing in direction of the tip.

15. The drill-guide assembly, as recited i n claim 11, wherein the bushing

is maade from a single piece of material of unitary constru ction.

16. The drill-guide assembly, as recited i n claim 11, wherein the bushing

furthmer comprises a pin for securing the drill-guide assembly to a bone-plate.

17. The drill-guide assembly, as recited &n claim 11, wherein the bushing

com prises of at least one vertical slot above a circular portion on the bushing.

18. The drill-guide assembly of claim 1, wwvherein the alignment barrel is

confFigured to receive and guide a drill bit.

19. The drill-guide assembly of claim 1, “further comprising at least a first
drill guide coupled to the bushing, wherein at least the fiwst drill guide is configured to

recezive and guide a drill bit.
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220. A drill-guide assembly comprising:

&xn alignment barrel having a proximal end =and a distal end;

2= bushing configured to slidably receive thes alignment barrel, the bushing
having a radiallly expandable forward-end and a proximal end, the forward-end configured to
be insertable waithin a hole or recess in a bone plate;

-a handle member for grasping by a user;

a dual-arm support having first and second parts, the first part of the dual-arm
support fixedly connected to the proximal end of the busing and the second part of the
dual-arm supp=ort fixedly connected to the handle membe=r;

a release knob moveably connected to thee handle member, the release knob
having serrations; and

a ratchet gear mechanism having a first lesg, a second leg and a tail,

the first leg of the ratchet-gear mechanism pivotably connected to the dual-
arm support amnd further connected to the alignment barres|,

the second leg of the ratchet-gear mechamnism having pawis that engage the
serrations whean the ratchet gear mechanism selectively 'moves,

the tail of the ratchet gear mechanism operable by a user to selectively move
the ratchet-ge-ar mechanism,

wherein, movement of the ratchet-gear m-echanism slides the alignment

 barrel refative to the bushing to radially expand the forwaard end to releasably lock the

bushing to the= plate.

21. The drill-guide assembly, as recitexd in claim 20, wherein the dual-am

support is L-sEhaped.

22.  The drill-guide assembly, as recitead in claim 20, wherein the dual-amm
support is fixe=d to the bushing by a method of fixing selected from the group consisting of

welding, fricticon fitting, and press fitting.
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23. T he drill-guide assembly, as recited in claaim 20, wherein the first part
of the dual-arm suppor& and the axial direction of the alignment assembly form an angle in

the range of from abourt 75 degree to about 120 degree.

24. ~The drill-guide assembly, as recited in cl.aim 20, wherein the second
part of the dual-arm sumpport and the first part of the dual-arm ssupport form an angle in the
range of from about 90 degree to about 150 degree.

25, The drill-guide assembly, as recited in c=laim 20, wherein the handle
member has a front erd and a back end, and wherein the duazl-arm support and the handie

member are fixedly connected at the front end of the handle nmmember.

26. The drill-guide assembly, as recited in Claim 20, wherein the dual-arm

support is an integral,. monolithic construction.

27. The drill-guide assembly, as recited in aclaim 20, wherein the second
part of the dual-arm ssupport and the handle member form an angle in the range from about

90 degree to about 1=50 degree.

28. The drill-guide assembly, as recited in  claim 20, wherein the
longitudinal axis of tHie handle member lies in the same plane as the longitudinal axis of the
first part of the dual-=am support, and the longitudinal axis of the second part of the dual-arm

support.

29. The drill-guide assembly, as recited in claim 20, wherein the

longitudinal axis of tke handle member is parallel to the long _itudinal axis of the first part of

_ the dual-arm suppor—t.
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30. The drill-guide assembly as recited in claim 20, wherein the dual-
arm support is immovably comnnected to the bushing at the proximal end of the bushing

and the dual-arm support is irnmovably connected to the handle member.

31. The drill-guide assembly, as recited in claim 20, wherein the dual
support has an open space a nd the ratchet gear mechanism is disposed in the open

space and pivotally mounted therein.

32. The drill-guide assembly, as recited in claim 20, wherein the ratchet

gear mechanism is Y-shaped .

33. The drill-guide assembly, as recited in claim 32, wherein, the first leg
of the ratchet-gear mechanisrm further extends beyond the pivot point forming a C-
shaped vice-grip; wherein the C-shaped vice-grip grasps the alignment barrel between

two ridges on the alignment barrel.

34. The drill-g uide assembly, as recited in claim 33, wherein the plane of
the C-shaped vice-grip makes an acute angle with the longitudinal axis of the first leg of

the Y-shaped ratchet-gear me chanism.

35. The drill-guide assembly, as recited claim 33, wherein the acute

angle is in a range of from about 25 degree to about 45 degree.

36. The drill-guide assembly, as recited in claim 20, wherein the handle
member is fixed to the dual-arrn support with a pin that is perpendicular to the axis of the

handle member.
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37. The drill-guide assembly as recited in claim 20, wherein ssaid
expandable forward-end of said bushing is circular shaped, and freely insertaable and
removable from said hole or recess in a contracted position, and engaging th € bone-

plate when in an expanded position.

38. The drill-guide assembly as recited in claim 20, wherein said radially

expandable forward-end comprises a plurality of finger portions.

39. The drill-guide assembly as recited in claim 38, wherein:
said radially expandable forward-end of the bushing comprises a shoulder, aa neck, and
an outwardly projecting rimm disposed forward of said neck,
wherein said neck and rim together span a length that is slightly longer than the
thickness of the hole or recess wall, and the rim abuts the bone-side surface= of said

plate.

40. The drill-guide assembly, as recited in claim 39, whereira the handle
member comprises a first cavity and a second cavity at the front end, where in the first
cavity houses a compression spring, and the second cavity houses the second part of

the dual-arm support.

41, The drill-guide assembly of claim 20, wherein the alignnment barrel is

configured to receive and guide a drill bit.

42. The drill-guide assembly of claim 20, further comprising at least a
first drill guide coupled to the bushing, wherein at least the first drill guide is configured

to receive and guide a drill bit.
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43, A drill-guide assembly, comprising:

an alignment barrel having a proximal end and a distal end;

a bushing configured to slidably receive the alignment barrel, the bushing
having a radially expandable forward-end &and a proximal end, the forward-end
configured to be insertable within a hole or- recess in a bone plate;

a release knob having serrations=s; and

a movable ratchet gear mechan ism having a first leg, a second leg and a tail,

the first leg of the ratchet-gear rmechanism connected to the alignment barrel,

the second leg of the ratchet-ge=ar mechanism having pawls configured and
adapted to engage the serrations to hold tke alignment barrel in position,

the tail of the ratchet gear mechmanism operable by a user to selectively move
the ratchet-gear mechanism,

wherein, movement of the ratchmet-gear mechanism slides the alignment
barrel relative to the bushing to radially exgoand the forward end to releasably lock the
bushing to the plate, and

a first drill guide coupled to the bushing, wherein the first drill guide is

configured to receive and guide a drill-bit.

44, The drill-guide assemboly of claim 43, wherein the first drill guide is

coupled to the bushing by a first connectirg element.

45. The drill-guide assemibly of claim 44, wherein the first connecting
element has at least two bores for respectively receiving at least a portion of a bushing

therethrough and at least a portion of a dr-ill guide therethrough.

46. The drill-guide assem bly of claim 45, wherein the first drill guide is

further coupled to the bushing by a secon d connecting element.
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47 . The drill-guide assembly of claaim 46, wherein the second connecting
element has aat least two bores for respectively receiving at least a portion of a bushing

therethrough and at least a portion of a drill guide therethrough.

483, The drill-guide assembly of claaim 47, wherein the at least two bores
of the first co nnecting element are separated by a first distance, and the at least two
bores of the ssecond connecting element are sepa rated by a second distance, wherein
the first dista nce is greater than the second distarsce, and wherein the second
connecting e lement is closer to the distal end of tihe forward end of the bushing than the

first connecti ng element.

49. The drill-guide assembly of claaim 47, wherein the at least two bores
of the first connecting element are separated by ax first distance, and the at least two
bores of the second connecting element are sepaarated by a second distance, wherein
the first distaance is greater than the second distarce, and wherein the first connecting
element is cl. oser to the distal end of the forward end of the bushing than the second

connecting e2lement.

5. The drill-guide assembly of cBaim 45, wherein the first connecting
element furtBher comprises a fin bore configured teo receive at least a portion of fin
therethrougl, wherein at least a portion of the fin in configured to engage at least a

portion of a "hole or recess when the bushing eng ages a bone-plate.

5 1. The drill-guide assembly of c=laim 43, further comprising a second
guide couple=d to the bushing, wherein the secon d drill guide is configured to receive and

guide a drill—bit.
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52. The drill-guide a=ssembly of claim 51, wherein the second drill guide

is coupled to the first drill guide.

53. The drill-guide a ssembly of claim 52, wherein the first and second

drill guide are coupled to the bushing by a first connecting element.

54. The drill-guide amssembly of claim 53, wherein the first connecting
element has at least three bores for respectively receiving at least a portion of the first
drill guide therethrough, at least a portion of the second drill guide therethrough, and a

least a portion of the bushing theretkrough.

55. The drill-guide aassembly of ctaim 54, wherein the first connecting
element further comprises a fin bore configured to receive at least a portion of fin
therethrough, wherein at least a por—tion of the fin is configured to engage at least a

portion of a hole or recess when the bushing engages a bone-plate.

56. The drill-guide &assembly of claim 55, wherein the first drill guide and

second drill guide are further couplexd to the bushing by a second connecting element.

57. The drill-guide assembly of claim 56, wherein the second connecting
element has at least three bores for respectively receiving at least a portion of the first
drill guide therethrough, at least a portion of the second drili guide therethrough, and at

least a portion of the bushing theretthrough.

58. The drill-guide assembly of claim 57, wherein the bores of the first
connecting element receiving first @nd second drill guides are separated by a first
distance, and the bores of the secoond connecting element receiving first and second drill

guides are separated by a second «distance, wherein the first distance is greater than the
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second distance, and wherein thea second connecting element is closer to the distal eand

of the forward end of the bushing than the first connecting element.

59. The drill-guidee assembly of claim 57, wherein the bores of the fir-st
connecting element receiving firs® and second drill guides are separated by a first
distance, and the bores of the seacond connecting element receiving first and secondl drill
guides are separated by a seconad distance, wherein the first distance is greater thar the
second distance, and wherein thes first connecting element is closer to the distal end of

the forward end of the bushing th an the second connecting element.

60. The drill-guidlle assembly of claim 43, the first drill guide having &a
longitudinal axis, and wherein wihen the bushing is locked to a bone-plate, the
longitudinal axis of the first drill g uide is generally aligned with a first bone-fastener ole

of the bone-plate.

61. The drill-guicde assembly of claim 60, further comprising a secord
drill guide configured to receive &nd guide a drill-bit and coupled to the bushing, the
second drill guide having a longitudinal axis, and wherein when the bushing is locke=d to
a bone-plate, the longitudinal axi s of the second drill guide is generally aligned with a

second bone-fastener hole of thes bone-plate.

62. The drill-guicde assembly of claim 43, wherein the recess of the

bone-plate includes at least one shaped area and a slot.

63. A kit for use with drilling bones, comprising:
(a) a drill-guide assembly, coomprising an alignment barrel having a proximal ened and
a distal end; a bushing configurexd to slidably receive the alignment barrel, the bushwing

having a radially expandable forward-end and a proximal end, the forward-end
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configured to be insertable within a hole ©r recess in a bone plate; a release knob
having serrations; and a movable ratchet gear mechanism having a first leg, a second
leg and a tail, the first leg of the ratchet-ggear mechanism connected to the alignment
barrel, the second leg of the ratchet-gear- mechanism having pawls configured and
adapted to engage the serrations to hold the alignment barrel in position, the tail of the
ratchet gear mechanism operable by a u ser to selectively move the ratchet-gear
mechanism, wherein, movement of the ratchet-gear mechanism slides the alignment
barrel relative to the bushing to radially eaxpand the forward end to releasably lock the
bushing to the plate;

(b) at least first and secon d drill guides able to be coupled to the bushing 2
and

(c) at least first and secored connecting elements for coupling at least one

drill guide to the bushing.

64. The kit of claim 63, wvherein at least the first and second drill guidess

have different lengths.

65. The kit of claim 63, “wherein at least the first and second drill guides

have different diameters.

66. The kit of claim 63, wherein at least the first and second connecting
elements each have a bore for receivirag at least one drill guide therethrough and a bo re
for receiving a bushing therethrough, weherein the bores of the first connecting elemen-t
have a first arrangement, and the boress of the second connecting element have a
second arrangement, and wherein the first arrangement is substantially different than

the second arrangement.
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67. A drill-guide asse mbly substantially as herein described with

reference to any one of the illustratecd embodiments.

68. A kit for use with drilling bones substantially as herein described

with reference to any one of the illusttrated embodiments.
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