(12) PATENT
(19) AUSTRALIAN PATENT OFFICE

(11) Application No. AU 199731520 B2
(10) Patent No. 739665

(54)
(51)

(21)
(87)

(30)
(31)

(43)
(43)
(44)

(71)
(72)

(74)

(56)

Title

Apparatus and method for reconstructing ligaments

International Patent Classification(s)
A61B 017/16

Application No: 199731520
WIPO No: WO097/46162

Priority Data

Number (32) Date
08/658003 1996.06.04
Publication Date : 1998.01.05

Publication Journal Date : 1998.02.26
Accepted Journal Date : 2001.10.18

Applicant(s)
Joseph H. Sklar

Inventor(s)
Joseph H. Sklar

Agent/Attorney

(22)  Application Date: 1997.06.03

(33) Country
uUs

PHILLIPS ORMONDE and FITZPATRICK,367 Collins Street, MELBOURNE VIC

3000

Related Art

US 5383884
US 2429356
US 4445509




Y

an

~f

CORRECTED
» VERSION*

(" ~ PCT

14

3152097

! pages 1-29, description, and pages 30-37, claims, replaced by new pages
- bearing the same number; pages 1/23-23/23, drawmgs, replaced by new
" pages 1/20-20/20; due to late transmmal by the receiving Office

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

k1) International Patent Classification 6.

A61B 17/16 Al

(11) International Publication Number:

(43) International Publication Date:

WO 97/46162

11 December 1997 (11.12.97)

(21) International Application Number: PCT/US97/09431

(22) International Filing Date: 3 June 1997 (03.06.97)

(30) Priority Data:

08/658,003 4 June 1996 (04.06.96) Us

(71)(72) Applicant and Inventor: SKLAR, Joseph, H. [US/US];
210 Park Drive, Longmeadow, MA 01106 (US).

(74) Agent: PANDISCIO, Mark, J.; Pandiscio & Pandiscio, 470
Totten Pond Road, Waltham, MA 02154 (US).

(81) Designated States: AU, CA, JP, European patent (AT, BE,
CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL,
PT, SE).

Published
With international search report.

AUSTRALIAN INDUSTRIAL

14 APR 1998

PROPERTY ORGANISATION

(54) Title: APPARATUS AND METHOD FOR RECONSTRUCTING LIGAMENTS

(57) Abstract

This invention is an apparatus for removing bone
from a femoral notch, which includes a guidewire (50)
and a router assembly (55). The router assembly
comprises a cutting head (67) fixed to a shaft (70)
rotatably disposed in a hole through a body portion
(80) of a shield assembly (75). A hood portion (85)
of the shield assembly extends from the body portion
of the shield assembly, and covers a first portion of the
cutting head while leaving exposed a second portion of
the cutting head. The guidewire extends through a hole
(95) in the shaft, cutting head, and shield assembly hood
portion such that the router assembly (55) is movable
along the guidewire. The shaft (70) is rotatable in
the shield assembly body portion, such that the second
portion of the cutting head is engageable with the bone
and operative to remove portions of the bone.

*(Referred to in PCT Gazette No. 13/1998, Section II)
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APPARNTUS AND METHOD FOR RIECONSTRUCTING LIGAMEMTS

Field Of The Invention

This invention relates to medical apparatus and methods in
general, and more parlicularly Lo apparatus and methods for

reconstructing ligaments.

Background Of The Invenlion

Ligamenls are lough bands of tissue which serve Lo connect
the articular extremilties of bones, or Lo support or retain
organs in place within the body. lLigaments are typically
composed of coarse bundles of dense while fibrous Lissue which
are disposed in a parallel or closely interlaced manner, with the
fibrous Cissue being pliant and [lexible, but nol extensible.

In many cases, ligaments are Llorn or ruptured as a result of
accidents. Ns a resullt, various procedures have been developed
to repair or replace such damaged ligaments.

For example, in the human knee, the anterior and posterior
cruciate ligaments (i.e., the NCL and PCL) extend between the Lop
end of the'tibia and the bottom end of the femur. The ACL and
PCL cooperate, together with other ligaments and soft tissue, o
provide both static and dynamic stability to the knee. Often,
the anterior cruciate ligament (i.e., the ACL) is ruptured or
torn as a result of, for example, a sports-related injury.

Consequently, various surgical procedurcs have been developed for
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reconstructing the ACL so a5 Lo restore normal function to the
knee.

In many instances, the NCL may be rcconstructed by replacing
the ruptured NCL wilth s synthetic or harvested graft ligament.
More particularly, wilth such procedures, bone tunnels are
typically formed in the top end of the tibia and the bottom end
of Lhe femur, wilh one cnd of the graft ligamenlt being posilioned
in the femoral tunnel and the other end of Lhe graft ligament
being positioned in the tibial tunnel. The Lwo ends of the graft
ligament are anchored in place jin one of a3 variety of ways
so that the graft ligament extends between rhe temur and the

tibia in substantially the same way, and wilth substantially the

same function, as the original ACL. This graft ligament then
cooperates with the surrounding anstomical structures so as to
restore normal function Lo the knee.

It will, of course, be appreciated that a complex
interdependency exists belween the ACL and the other elements of
the knee. e.g.,:the bones, the other knee ligaments, and other
sofl tissue. Consequently, il is critical that the grafl MACL be
disposed iﬁ exacltly the right position relat;ve to the cther
anatomical structures of the knee if normal knee function jis Lo
be restored. Correspondingly, it hés been found that the
aforementioned bone Ltunnels must be preccisely positioned in the

tibia and femur if successfﬁl reconstruction of the ACL is to be

achieved. Unfortunalely, proper positioning of these bone
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tunnels Lo satisfy isomeltric considerations can sometimes lead to
anatomical confliclts within the knee when the graft NCL is
installed within the knee.

) More particularly, the ACL normally extends between the
bottom end of the femur and the top end of the tibia, with the
body of the ACL passing through the femur’s intercondylar notch
and across the interior of the knee joint. See, for example,
Figs. 1 and 2, which show a natural ACL 5 extending between the
bottom end of a femur 10 and the Lop end of a tibia 15, with the
body of NACL 5 passing through the femur’s intercondylar notch 20.
Also shown is a natural PCL 25 extending between the bottom end
of femur 10 and the Lop end of libia 15.

It is to be appreciated that the position of the various
knee elements move relative Lo one another as the knee is flexed

through a range of natural molions. See, for example, Fig. 3,

which shows NACL 5 moving across a 40° arc as Lhe knee joint is

flexed through a 140° molion.

Due to the complex qeometfie§ of the knee, where a damaged
ACL is to be replaced by a graflt NCL, it is critical that the
grafl- ACL be connected al precisely the right locations on the
bottom end of the femur and Lop end of the Libia. Thus, and
looking now at Figs. 1 and 5, where a damaged ACL is to be
replaced by a graft NCL, the damaged NCL is first cleared away
and then bone tunnels 30 and 35 are formed in the tibia and

femur, reépectively. The precise locations of these bone tunnels

SUBSTITUTE SHEET (RULE 26)
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30 and 35 are dictated by thé isometric relationships of the
knee. In practice, bone tunnels 30 and 35 are formed using a
surgical drill guide which is keyed Lo certain parts of the
patient’s anatomy, €.g., Lo the patient’s tibial plateau. Once
bone tunnels 30 and 35 have been [ormed, the graft ACL may be
installed in ways well known in Lhe art. Seg, for example, Figs.
6 and 7, which show a graft NCL SA having one end mounted Lo
femur 10 and the other end mounted Lo tibia 15.

Unfortunately, in some situations, proper isometric
placement of bone Lunnels 30 and 35 may cause anatomical
conflicts wilthin the knee when Lthe graft ACL is installed in the
patient. By way of example, and of particular interest in
cbnnection with the present invention, proper isometric placement
of bone Lunnels 30 and 35 may resullt in portions of the femur
impinging upon the graft NACL as the knee is moved through its
full range of natural motions. See, for exawmple, Fig. 8, which
shows one of the femur’s condyles 410 impinging upon a grafg.ACL
SA extending through the femur’s intercondylar notch 20; and Fig.
9, which shows the roof the femur’s intercondylar notch impinging

.
- 3 - s mtemttear m ] memmm. AN
on the graft NACL SA in the vicinily of arrow 42.

W

Impingement can occur for a variety of reasons. For one
thing, the intercondylar notch of many patienls (particularly
those who are susceptible to rupture of the ACL) is frequently

small to begin with. For another thing, the graft ACL (i.e., the

SUBSTITUTE SHEET (RULE 26)
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synthetic or harvested gra€t ligament which is being installed in
place of the damaged nalural NCL) is generally fairly large.

Additionally, slight misposilioning of bone Lunnels 30 and
35 can also lead Lo impingement problems.

Unfortunately, impingemenl of the femur on the grafl
ligament can reduce the ecffectiveness of the ACL reconstruction
procedure or even cause il Lo fail altogether.

Thus, when performing an NCL reconstruction procedure, the
surgeon generally ltries to ensure Lhat there is sufficient room
within Lthe patienl’s intercondylar notch to receive the graft
ligament. This is generally done by performing notchplasty,

i.e., by surgically removing any iwmpinging bone from the sides
and/or roof of the intercondylar notch. Nt the same time, of
course, it is also importanl Lthalt the surgeon remove no more bone
than is absolutely necessary, so as Lo minimize trauma to the
patient.

Unfortunatély, it is difficull for the surgeon Lo accuratlely
gauge the preci;e amount of bone thalt must be removed from Lhe
notch in order Lo avoid impingement. For one thing, the ACL
reconstruction procedure is typically performed arthroscopically,
so that the surgeon’s view of the surgical site is frequently
fairly restricted. For another thing, Lhe surgeon typically will
not know-the precise space that the graft ACL will occupy until
the graft is actually in place:; but at that point in the

procedure, it is frequently difficullt to insert additional bone-
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cutling ipstruments into the joint so as to remove more bone, particularly without
cutling the graft ACL. Furthermore, expenience has shown that the most serious
problems with impingement occur superiorly; but even with the graft ligament in
place, the surgeon is generally unable to see impingement at this location duc to
limitations in arthroscopic visualisation. Also, the surgeon typically performs the
ACL. reconstruction procedure in a relatively static context, i.e., with the knee being
rclatively stationary at any given moment dunng the reconstruction procedure.
However, the knee must perform (and impingement must be avoided) in a relatively
dynamic context, i.e., as the knec is moved throughout a full range of natural

motions. This complicates the surgeon’s task of eliminating impingement.

Desirabilities of the Invention

Accordingly, it would be desirable to provide improved apparatus for

reconstructing a ligament.

It would also be desirable to provide improved apparatus for reconstructing

an anterior cruciate [igament (ACL).

It would also be desirable to provide improved apparatus for quickly, easily
and reliably climinating impingement problems when reconstructing an anterior

cruciate ligament,

It would be yet further desirable to provide improved apparatus for quickly,
easily and rcliably removing any anatomical structures (e.g. bone) which will
conflict with the location of a graft ACL at the completion of an ACL

reconstruction procedure.

Wl yO\DavinSprtASKLAR doc
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It would be yet further desirable to provide improved apparatus for quickly,
easily and reliably removing any anatomical structures (e.g., bone) which will
conflict with the location of a graft ACL as the knee is moved through a full range

of natural motions.

It would be yet further desirable to provide an improved method for

reconstructing a ligament.

It would be yet further desirable to provide an improved method for

reconstructing an anterior cruciate ligament (ACL).

It would be yet further desirablc to provide an improved method for quickly,
casily and reliably ehminating impingement problems when reconstrucling an

anterior cruciate ligament.

Still it would be yet further desirable to provide an improved method for

quickly. easily and reliably removing any anatomical structures (e.g., bone) which

reconstruction procedure.

Stll it would be yet further desirable to provide an improved method for
quickly, easily and reliably removing any anatomical structures (e.g., bone) which
will conllict with the location of a graft ACL as the knee is moved through a full

range of natural motions.

WA O AN SPECHSKLAR i
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The above discussion of documents, acts, matenials, devices, articles and the
like js included in this specification solely for the purpose of providing a context for
the present invention. It is not suggested or represented that any of these matters
formed part of the prior art base or were common general knowledge in the field
rclevant Lo the present invention as it existed in Australia before the priority date of

cach claim of this application.

Summary of the Invention

According to onc aspect of the present invention, there is provided
apparatus for removing portions of a bone, said apparatus including:

a router assembly including:

a cutting head fixed to a shaft; and

a shield assembly having a body portion and a hood portion, said body
portion having a hole therethrough for receiving said shaft, said hood portion
extending from one end of said body portion and defining a concavity in which
is disposable in part said cutting head; and
a guidewire constructed from a highly elastic yet finn material, enabling the
router asscmbly to cul away bone even if the guidewire is flexed relative to the

bone.

According to another aspect of the present invention, there is provided
apparatus for removing portions of a bone, said apparatus including:

a guidewire; and

a router assembly;

said router assembly including a cutting head fixed to a shalt rotatably

@oo07
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of said shicld assembly extending from said body portion of said shield assembly
and covering a first portion of said cutting head while leaving exposed a sccond
portion of said cutting head,;

said guidewire extending through a bore in said shafi, a bore in said cutting

5 head, and a hole In said shield assembly hood portion, such that said router
assembly is movable along said guidewire and said shaft is rotatable in said shield
assembly body portion, such that said seccond portion of said cutting head is

oo engageable with the bone and is operative to remove portions of the bone, and
':E':; wherein said guidewire is constructed from a highly clastic yet fiom
§-5.:f 10  material, cnabling the router assembly to cut away bone even if the guidewire 1s
., flexed relative to the bone.

".:E According to another aspect of the present invention, there is provided
::;::: apparatus for removing portions of a bone, said apparatus comprising a cutting head
::: 15  fixed 10 a shafi, and a guidewire cxtendible through a bore extending through said

shaft and said cutting head, such that said cutting head is movable along said

euidewire, said cutting head being devoid of cutting means on a first portion of the

thereof, said second portion of said cutting head being engageable with the bone
20  portions to be removed, said shaft and cutting head being rotatably movable in an
oscillating fashion such that said cutting head second portion moves in alternating
opposite dircctions across the bone portions to remove porti;ms thereof, said f[irst
portion being smooth and non-destructive with respect to anatomical structures with

which said first portion comes into contact.

WM yODAVNSHCENSKLAR g
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According (o another aspect of thc present invention, there is provided
apparatus for removing portions of a bonc, said apparatus comprising a cutting head
fixed 10 a shaft, and a guidewire extendible through a bore cxtending through said
shaft and said cutling head, such that said cutting head is mavable along said

5  uuidewire, said cutting head being adapted to cut bonc coming into engagement
with said cutting head but to lcave unharmed soft tissue coming inlo contact with
said cutting head, whercin said guidewire is construcled from a highly elastic yet
firm matcrial, enabling the cutting head to cut away bone even if the guidewire is

PR Nexed relative to the bone.

. 000 10

According 1o another aspect of the present invention, there is provided apparatus

et for marking portions of bone subscquently to be removed, said apparatus comprising a
marker head fixed to a shafl, and a guidewire extendible through a bore extending

Leees through said shalt and said marker hcad, such that said marker head is movablc along

:‘.". 1S said guidewire, said marke.r head being adapted to hold a dye and release the dyc upon

St contacl with a bone, thereby to mark the portions of the bone proximate said guidewire

as said marker head moves along said guidewire.

According Lo another aspect of the present inventién, there is provided apparatus
20  for marking bone portions for subsequent removal, the apparatus comprising:
a marker assembly compnising:
a marker head fixed to a shaft and adapted to hold and release a dye;
said shafl and said marker head having bores therethrough;
and said apparatus further comprising:
25 a euidewire for passing through said shafi bore and said marker head

bore lo support said marker assembly which is movable on said

WAMAYO\DVINVSpe VS KLAR b
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guidewire to engage bone portions proximate said guidewire and mark

said bone portions [or said subsequent removal.

According to another aspect of the present invention, there is provided a method
for removing portions of a bone said method comprising the steps of:

providing (1) a gnidewire, and (ii) a router assembly comprising a cutting head
fixed to a shaft rotatably disposed in a hole through a body portion of a shield assembly,
and a hood portion of said shield assembly extending from said body portion of said
shicld assembly and covering a first portion of said cutting head while leaving exposed
a sccond portion of said cutting head, said shaft and said cutting head having bores
therethrough, and said shield assembly hood portion having a hole therein;

anchoring said guidewire in the bone;

mounting said router assembly on said guidewire such that said guidewire
extends through said shaft bore, said catting head bore, and said hood portion hole, and
moving said router assembly alo.rig said guidewire to proximate the bone;

positioning said router assembly such that said second portion of said cutting
head is directed toward the bone portion to be removed, and rotating said shaft, to rotate
said remove pertiens from the bone, while the shield assembly hood
portion separates said cutting head from other anatomical structures, and

wherein the guidewire is constructed from a highly elastic yet firm material

cnabling the router assembly to cut away bone even if the guidewire is flexed relative to

the body.

According to-another aspect of the present invention, there is provided a method

TN .
Faid method comprising the steps of:

)

 AMArYO\DavimE ma S KLAR. gOC
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extending the patient’s knee at an angle of approximately 90°;

[orming a bone tunncl in the patients tibia;

passing a guidewire through said tibial bone tunnel and into the patient’s femur,
said guidewire being positioned so as to extend along the length where the graft ACL
will thereafter reside;

positioning a cannulatcd router device onto said guidewire;

performing notchplasty on said femur using said cannulated router device as said
cannulated router device is mounted on said guidewire and as said knee is moved
through a range of natural motions; and

dismounting said cannulated router device from said guidewire.
\

Wi yO\DIWMSpuchASKLAR doc
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Bnef Description of the Drawings

These and other features of the present invention will be more fully disclosed or
rendered obvious by the following detailed description of the preferred embodiments of
the invention, which are to be considered together with the accompanying drawings

5  wherein like numbers refer to like parts and further wherein:

Fig. 1 is a schematic front view of a normal knee, where the

leg is subslantially straight:

Fig. 2 is a schematic side view, partially in section, of

:x:€ the knee shown in Fig. 1;

;.;:3 Fig. 3 is a schemalic side view, showing how the ACL moves
:;;:S 10 aboul wilthin the knee joint as Lhe knee is f{exed through a range
§"':: of natural wmotions;

Fig. 4 is a schematic front view of a knee, where the knee

"..' is bent at approximately » 90° angle, and where a damaged ACL has
e been removed and bone Lunnels have been formed in the tibia and
T the femur:

...'.: 15

%% Fig. 5 is a schematic side view of the knee shown in Fig. 4;
:'.33 Fig. 6 is a schematic front view of a knee, where Lhe knee

is bent at approximately a 90° angle, showing a graflt ACL
installed in the knee:
Fig.. 7 is a schematic side view of Lhe knee shown is Fig. 6;
20 Fig. 8 is a schematic front view showing how portions of the
femur can impinge upon a graft NCL;

W, MaryO\DaviMSpechSKLAR Joe
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Fig. 9 is a schemalic side view showing how portions of the
femur can impinge upon a grafl ACL;

Fig. 10 is a schematic side view of the guidewire used in
connecltion wilth the present invention;

Fig. 11 is a schemalic perspeclive view showing one form of
router assembly formed in accordance wilth the present invention;
Fig. 12 is a schemalic perspective view of the router

assembly’s cannulaled router device;

Fig. 13 is a schematic side view, in section, of the
cannulated router device shown in Fig. 12

Fig. 14 is a schemalic side view, in section, of a porticn
of Lthe router assembly’s shicld assembly:

Fig. 15 is a schemalic perspective view of the shield
assembly’s collar;

Fig. 16 is a schematic side view, in section, of the router
assembly shown in Fig. 11;

Fig. 17 is a schemaltic side view of a knee, where the -knee
is bent at approximalely a 90° angle, and where a damaged ACL has
been removed and a bone tunnel has been formed in the tibia, and
showing a guidewire extending through the tibial bone tunnel and
into the femur;

Fig. 18 is a schematic side view of Lthe knee shown in
Fig. 17;

Fig. 19 is a schematic front view like that of Fig. 17,

excepl showing a rouler assembly removing lateral bone structures

SUBSTITUTE SHEET (RULE 26)
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from the femoral notch so as Lo prevent those latera) bone
structures from impinging on a graft ACL; -

Fig. 20 is a schemaltic side view showing a router assembly
réﬁoving lateral bone structures from the femoral notch so as to
prevent Lthose lateral bone structures from impinging on a graft
NCL;

Fig. 21 is a schemalic front view, showing the leg
substantially straight and Lhe rouler assembly removing roof bone
structures froﬁ the femoral notch so as Lo preyent those roof
bone stfuctures from impinging on a graft NCL;

Fig. 22 is a schematic side view of the knee and router
assembly shown in Fig. 21;

Fig. 23 is a schemaltic side view, showing the knee flexed at
approximately a 140° angle and the router assembly removing bone
structures from the femoral notch so as Lo prevent those bone
structures from impinging on a graft NCL:

Fig. 241 is ; schemaltic perspeclive view showing an
alternative forh of router assembly formed in accordance with the
presenlt invention;

Fig. 25 is a schemalic perspeclive view showing the collar
used in connection with the router assembly shown in Fig. 24;

Fig. 26 is a schematic side view, in section, of the router

assembly shown in Fig. 24;

SUBSTITUTE SHEET (RULE 26)
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Fig. 27 is a schemalic perspective view of another form of
router device which can be used in connection with the present
invention;

Fig. 28 is a schematic perspective view of yet another form
of router device which can used in conneclion with the present
invention;

Fig. 29 is a schematic side view of a cannulated marking
device formed in accordance wilth Lthe present invention; and

Fig. 30 is a schematic side view of a novel type of
guidewire assembly formed in accordance with the present

invention.

Detailed Descripltion Of The Preferred Embodiments

Looking first at Figs. 10-1G, the present invention provides
apparatus and a method for removing bone structures from the
femoral notch so as Lo prevenlt those bone structures from
impinging upon a graft ACL installed as part of an ACL
reconstruction procedure. The apparatus and method of the
present invention are intended to be utilized in an ACL
reconstruction procedure after the damaged ACL has been removed
from the knee and after bone tunnel 30 has been formed in Libia
15, but before bone tunnel 35 has been formed in femur 10 and the
graft ACL has been positioned in the joint.

Still looking now at Figs. 10-16, in one preferred

embodiment of the present invention, the apparatus of the present

SUBSTITUTE SHEET (RULE 26)
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invention comprises a guidewire 50 (Figs. 10 and 11) and a router assembly S5 (Figs.
11-16).

Guidewire 50 is generally of the sort for guiding cannulated clements to a target
structure. As such, guidewire 50 includes a sharp point 60 (Fig. 10) on its distal end,
whereby the guidewire can be drilled or tapped into a target structure (¢.g., femur 10, as
will hereinafter be described in further detail). In accordancc with onc preferred
cmbodiment of the present invention, guidewire 50 is preferably formed out of a highly
clastic yet firm material. Preferably, gnidewire 50 is formed out of a so-called
pseudoelastic material, i.c., a “shape memory alloy (SMA)/strcss induced martensite
(STM)* material such as Nitinol. By forming guidewire 50 out of such a highly elastic
yel firm material, the guidewire has the rigidity needed to penetrate into bone, yet has
the high elasticity needed to undergo substantial elastic deformation during joint
flexure, as will hereinafter be described in further detail.

Still looking now at Figs. 11-16, router assembly 55 compnses a cannulated
router device 65 (Figs. 11-13 and 16) which comprises a cannulated cutting hcad 67
attached Lo a cannulated shaft 70. At least the distal portion 70’ (Figs. 12, 13 and 16) of
cannulated shaft 70 is flexible; the proximal portion 70 of cannulated shaft 70 may or

may not be flexible, as desired. On account of this construction, cannulated router

WM NSNS PO KL AR it
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device 65 can ride on guidewire 50 as rotary cutlting motion isg
imparted to culling head 67 by means of shafl 70. 1In particular,
by forming al least the distal portion 70’ of cannulated shaft 70
SO as Lo be flexible, router device 65 can ride on guidewire 50
and rotate even as guidewire 50 is subjected Lo substantial
bending during knee joint flexure, as will hereinafter be
discussed in further detail.

Router assembly 55 also comprises a shield assembly 75
(Figs. 11 and 14-16). Shield assembly 75 comprises a body
assembly 80 and a hood 85. A

Body assembly B0 comprises a hollow outer tube 82 (Figs. 14
and 16) and an inner collar 03 (lFigs. 15 and 16). At least the
distal portion 82’ (Figs. 141 and 16) of hollow outer Ltube 82 is
flexible; the proximal portion 82” of hollow outer tube 82 may or
may not be flexible, aé desired. Collar 83 is sized and
positioned so as to Lerminate at the juncture of the hollow
tube’s distal portion 82’ and ils proximal portion 82" (Fig. 16).
Collar 83 includes a hole 90 (Figs. 15 and 16) for receiving
shaft 70 of router device 65. llole 90 is preferably centered
wilthin bodg 80, whereby Lhe router device’s cutting head 67 will
be centered within shield assembly 75.

Hood 85 is attached Lo body 80 and includes a hole 95 (Figs.
14 and 1§) for receiving guidewire 50. Hood 85 surrounds a
portion of .the router device’s cutting hecad 67 but leaves another

portion of the cutting head (i.e., the portion extending oulboard

SUBSTITUTE SHEET (RULE 26)
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of hood 85) exposed for rouking operations. By Qay of example
but not limitation, hood 05 might cover opproximately 2/3 of Che
circumferential region surrounding culting head €7 and leave

5 approximately 1/3 of the circumferential region surrounding
cutling head 67 exposed for cutting purposes. Shield B85 may be
formed flexible or rigid, as desired.

NAs a result of this conslruction, router assembly 55 can

3::? ride on guidewire 50 as a unilt, with shaft 70 rotating cutting
E.:::f head 67 so aé to cul away any mal;e;'ial {(e.g., impinging bone)
::;5 10 exposcd Lo the eutling head, cven as hqu 05 shields a
$te%%e substantial portion of Lhe cutling head from inadvertently

) cutting other material (e.g., the patient’s PCL). Significantly,
’:“'5 due to the flexible nature of shaft Aportion 70’ and tube portion
‘::?' 82’, rouvter assembly 55 is able Lo ride on guidewire 50 even as
::f::: guidewire 50 is subjected to substantial deformation during knee
::1:: 15 Jjoint flexure.
:;f"f Looking next at Figs. 17-23, guidewire 50 and router
o assembly 55 are’inteﬂded to be used as follows.

First, femur 10 and tibia 15 are set at approximately a 90° angle and tibial bone
tunnel 30 is formed in tibia 15. Then guidewire 50 is passed through tibial bone tunnel
20 30 and into femur 10 until the sharp distal end 60 of the guidewire is embedded in the

femur, c.g., by drilling or tapping (Sec Figs. 17 and 18). If desired, a cannulated guide

(not shown) may be
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disposed about guidewire 50 Lo help stabilize it as it is
embedded into femur 10. Guidewire 50 is positioned in the
patient so that il will extend along Lhe lenglh where the graft
ACL will reside.

Next, router assembly 55 is loaded onto the proximal end of
guidewire 50 and moved down into the interior of the knee joint
so that Lhe router assembly’s culbting head 67 is in the vicinity
of femoral notch 20 (see Figs. 19 and 20). Then body 80 of
router assembly 55 is tprned so Lhat the router assembly’s
cutting head 67 is direclted Loward Llhe iwmpinging portions of the

femur which are Lo be removed, and so Lhat the router assembly’s

protective hood 85 is placed between Lthe cutting head and the PCL

so as to protect the PCL from the cutling head. Then shaft 70 is rotated, e.g. with a

power driver (not shown), so as to rotate cutting head §7 and thereby cut away any

anatomical structures it cornes into contact with.

By turning body 00 circumferentially as required, cutting

head 67 can be used to enlarge femoral notch 20 while keeping the

cutting head from engaging (and Lhereby cutting) the PCL and/or

other sensitive anatomical structures. In particular, by turning

router assembly 55 so Lhat it faces in the manner shown in Figs.
19 and 20, lateral notch structures can be removed. Similarly,
by turning router assembly 55 so that it faces in the manner

shown in Figs. 21 and 22, roof nolch structures can be removed.
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Significantly, the impinging bone can be removed quickly,
easily and safely, without direct visualization of the anatomical
Structures being lLrimmed away, due Lo Lthe use of guidewire 50 and
the guidewire-following router assembly 55.

In particular, it is lto be appreciated thal, by pPosilioning
guidewire 50 so Lthal it will extend along Lhe length where Lhe
graft NCL will reside, and by properly sizing the radial
dimensions of router assembly 55 relative to the graft NACL which
will thereafter be installed, the router assembly will clear away
only as much bone as is required Lo properly size the femoral
not;h and eliminate impingemenlt problems. Furthermore, by
p;operly sizing the longitudinal dimensions of router assembly S5
reiative to the nolch region where impihgement occurs,
impingement can be eliminalted by just circumferential movement of
router assembly 55 on quidewire S0, i.e., without requiring
longitudinal movement of router a;sembly 55 on guidewire 50
during bone-trimming operalions.

Significantly, since guidewire 50 is preferably formed out
of a h;ghly elastic material, and since the router assembly’s

shafl porticon 70’ and body portion 82’ are formed so as to be

VA wawes

=
-

flexible, it is possible Lo use router assembly 55 to remove
impinging bone in a dynamic sense, i.e., to use the router
assembly to cult away impinging bone even as the knee is flexed
through a full range of natural motions. See, for example, Figs.

19 and 20, where router assembly 55 is shown enlarging the
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femoral notch while the patienl’'s leg is bent at approximately »
90° angle: Figs. 21 and 22, where router asscmbly 55 is shown
enlarging the femoral notch while Lhe patient’s knee is
substantially straight; and Fig. 23, where router assembly 55 js
shown enlarging the femoral nolch while the patient’s knee is
bent at approximately a 140° angle. It should be noted in Figs.
21 and 22, and again in Fig. 23, how guidewire 50 and router
assembly 55 are capable of undergoing substantial elastic
deformation during such knee flexing even as bone-trimming
operations are under way.

Looking next alt Figs. 24-26, in another preferred embodiment
of the present invention, the apparatus of Lhe present invention
comprises guidewire 50 and a router assembly S5A.

Router assembly 55N is substantially the same as router
assembly 55 described above, excepl as is shown in the drawings
and/or hereinaflter described. In particular, router assembly 55A
utilizes a collar 83N (Figs. 25 and 26) rather than the collar 83
.described above. Collar 83A has its hole 90 disposed off-center
within the collar, whereby the roﬁter device’s cutting head 67
will be clocked Lo one side relalive to the body's hollow outer
tube 82 (see Fig. 26). In particular, wilth router assembly S5A,
collar 83A is arranged so Lhat the router device’s cutting head
67 is clocked outboard relative Lo the central axis of hollow
outer tube 82. This permils the router device Lo engage

impinging bone more readily. 1In order to accommodate such
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lateral dispiacement of rouler device 65, the router assembly’s
shield B85A has ilts hole 95A shifted laterally as well, in the
manner shown in Fig. 26.

In operation, router asscmbly 55A is intended Lo be used in
Ssubstantially the same way as rouler assembly 55.

Looking next alt Fig. 277 in another preferred embodiment of
the present invention, the apparatus of Lthe present invention
comprises guideQire 50 and a cannulated router device 6SA.

Router device 65A is generally similar Lo the router device 65
discussed above, excepl that with router cdevice 65A, its cutting
teeth 89 are disposed aboult only a portion of the periphery of
its cutting head 670N, with the remainder of the cutting head
being smooth and non-abrasive. Accordingly, by moving cannulated
router device 65N on guidewire 50 so as Lo oscillate the router
device through only a f[raction of a complele revolution; bone can
be removed adjacent Lo Lhe cutting Leeth 89 while the remainder
(i.e., the non-cutting portion) of the cutting head 67A sagely
opposes any delicale strucltures which are Lo be safeguarded
(e.g., the PCL). Thus, with the apparatus of Fig. 27, impinging
bone may be safely removed without providiﬁg a shield assembly
(e.g., such as the shield assembly 75 described above) for Lhe
router device.

In apother form of the invention, the cannulated router
device 65A of Fig. 27 could be replaced wilth a cannulated router

device of the sort adapted Lo remove hard bone while leaving soft
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tissue unharmed. By way of cxample, the cannulated router device 65A of Fig. 27 might

be replaced by the cannulated router device 65B shown in Fig. 28. More particularly,
router device 6SB includes a cutting head 67B. Altematively, cutting head 67B could
have some other configuration which permits cutting of hard bone without harming soft
tissue. As a result of such a construction, a cannulated router device 65B having such a
configuration could then be safely rotated completely about guidewire 50 so as to
remove impinging bone without risking damage to delicate soft tissue. Thus, with the
apparatus of Fig. 28 or with equivalent cutting apparatus, imp;nging bone can be safely
removed without providing a shield asscmbly (such as the shield assembly 75 described
above) for the router device.

The foregoing apparatus may be used in an ACL reconstruction procedure as
follows. First, the patient’s knee 1s cxtended at an angle of approximately 90°. Then a
bone tunnel 30 is formed in the tibia. Next, guidewire 50 1s passed through bone tunnel
30 and up into the femur. Then a cannulated router device (in the form of either router
assembly 55, or router assembly S5A, or router device G65A, or router device 65B) is
loaded onto guidewire 50 and used to perform the desired notchplasty in the manner
previously described. Next the cannulated router device is dismounted from guidewire
50. Then bone tunnel 35 is formed in femur 10. Then guidewire 50 is removed from
femur 10. Finally, a graft ACL 5A 1s installed in femoral bone tunnel 35 and tibiai bone

tunnel 30.
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Looking nexlt at Fig. 29, in another preferred embodiment of
the present invention, Lhe apparatus of Lhe present invention
comprises guidewire 50 and a marking device 100. Marking device

5 100 preferably comprises a resilienl canmnulated head 105 and a
flexible cannulated shaft 110 connected to head 105. Cannulated
head 105 is formed so that it can hold and release a dye without

cutting bone. Marking device 100 is used by moving the device up

'"1: and down guidewire 50, with or without rotatiop, whereby the

;i:g marking head 105 will contact any bone in its way. By sizing
::"; 10 marking device iOO properly relative to the size of the graft ACL
epeeed which is to be ’installed, movemenl: of ma;:king device 100 along
.:.: guidewire 50 while the knee is moved through a range of natural

motions will cause the marking element to leave its dye on any
portions of the femur which might impinge upon the graft ACL

seee which will thereafter be installed in the knee. Thereafter,

.:.::. 15 marking device 100 and guidewire 50 are removed from the surgical
.‘?:. site and the surgeon may utilize a conventional cutting element
o ‘e

20
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to remove the marked bone. Then Lthe graft ACL may be installed
in the knee withoul fcar of impingement .

In the foregoing description of the preferred embodiments of
the invention, it was noted thal guidewire 50 is preferably
formed out of a pseudoelastic material so as Lo provide Lhe
desired characteristics of firmness and [lexibility. lowever, it
should also be appreciated Lhat a guidewire made out of a non-
pseudoelastic material can also be ultilized in connection with
the present invention. Of course, inasmuch as the preferred use
of the presenlt invention involves [lexing the knee over a wide
range of motions wilth Lhe guidewire in place, limitations in wire
flexibility can inhibil the range of knee movemenls performed
with the guidewire in place. Thus, in the situation where a non-
pseudoelastic guidewire is Lo be used, il can be helpful to mount
the distal end of the guidewire in a [ixture by‘means of a
universél joint. This fixture can then be attached to the bottom
surface of the femur or, more advantageously, it can be digposed
in a bore formed in the bottom of .the femur. Preferably this
bore is the femoral bone tunnel 35 used for the ACL
reconstrucﬁion procedure.

More particularly, and looking now at Fig. 30, the distal
end of a non-pseudoelastic guidewire 50A can be mounted in a
fixture 115 by a universal joint 120 whereby the proximal end of
the guidewire can move aboult relative Lo fixture 115. As a

result of this construction, when fixture 115 is poéitioned in
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the femoral bone tunnel, universal joint 120 will help guidewire
S0A to accommodate the degrec of deformaltion required as the knee
is moved through a full range of natural motions. Of course,
with this emquiment of the invention, Lhe femoral bone tunnel 35
must be formed before the notchplasty procedure is performed,

since fixture 115 is intended Lo be received in bone tunnel 35.

Modifications Of the Preferred Embodiments

It is to be appreciated that modifications may be made to
the preferred embodiments described and illustrated above without
departing from Lhe scope of Lhe presenl invenlion

‘Thus, for example, while in the foregoing description the
present invention has been described in the context of
reconsltructing an ACL, it should also be appreciated that the
present invention has application Lo Lhe reconstruction of other
ligaments as well, where similar impingement problems can occur.
Thus, fof exampie, the present invention might be used in.
connection with reconstructing the posterijior cruciate ligament
(PCL) .

The present invention can also be used to clear away
impinging structures in other anatomical) and non-anatomical

settings.
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Ndvantages OF The Invention

Numerous advantdqes are achieved Cthrough the use of the
present invention.

For one thing, the presenl invention provides improved
apparatus for reconstructing a ligament.

And the present invention provides improved apparatus for
reconstructing an anterior cruciate ligament (MACL).

Also, the presenlt invenlion provides improved apparatus for
quickly, easily and reliably eliminating impingement problems
when reconstructing an anterior crucialte ligament.

And Lhe present invention provides improved apparatus for
‘quickly, easily and reliably removing any anatomical structures
fe.g., bone) which will conflict with the location of a graft ACL
at the completion of an ACL reconstruction procedure.

The present invention also provides improve@ apparatus for
quickly, easily and reliably removing any anatomical structures
(e.q., bone) which will conflict with the location of a graft ACL
as the knee is ﬁoved through a full range of natufal motions.

The prgsent invention also provides an improved method for
reconstructing a ligament.

And Lhe pfesent invention providgs an improved méthod for
reconstruclting an anterior cruciate ligament (ACL).

And- the present invention provides an improved method for
quickly, easil? and reliably eliminating impingement problems

when reconstructing an anterior cruciate ligament.
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Also. the present invention provides an improved method for quickly, casily and
reliably removing any anatomical structures (e.g., bone) which will conflict with the
location of a graft ACL at the completion of an ACL reconstruction procedure.

And the present invention provides an improved method for quickly, easily and
reliably removing any anatomical structures (e.g. bonc) which will conflict with the
location of a graft ACL as the knee is moved through a full range of natural motions.

Throughout the description and claims of the specification the word “comprise”
and variations of the word, such as “comprising” and “compriscs”, is not intcnded to

exclude other additives, components, integers or steps.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Apparatus for removing portions of a bone, said apparatus including:
a router assembly including:
5 a cutting head fixed to a shaft; and
a shicld assembly having a body portion and a hood portion, said
body portion having a hole therethrough for receiving said shaft,

said hood portion cxtending from onc end of said body portion and

R defining a concavity in which is disposablec in part said cutting head;
R 10 and
o oo a guidewire constructed from a highly elastic yet firm material, enabling the

,router assembly to cut away bone even if the guidewire is flexed relative to the bone.

":. 2. Apparatus according to claim 1, wherein said cutting head and said shaft are
Teleet 15  provided with bores in alignment with each other and adapted to receive a
oo, guidewire therethrough.

3. Apparatus according to claim 2, wherein said hood portion is provided with

a hole therein alignable with said cutting head bore and adapted to receive said

20  guidewire.

4, Apparatus‘ according to any one of the preceding claims wherein said body
portion is cylindrically shaped and said body portion hole cxtemls lengthwise of
said cylindrically shaped body portion and removed from a central axis of said

body portion.’
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5. Apparatus according to any one of the preceding claims, wherein said shield

portion encloses a first portion of said cutting head, and a second portion of said

cutting head extends outwardly from said shield portion.

5 0. Apparatus according (o claim S, wherein a portion of the penmeter of said
sccond portion of said cutting head is substantially aligned with a portion of the

perimeter of said body portion.

.:.g 7. Apparatus according to claim 5 or 6, wherein said first portion of said
. 10 cutting head includes a majority of the circumference of said.cutting head.

: S. Apparatus according to claim 3, or any one of claims 4 to 7 when directly or
e indirectly dependent on claim 3, wherein said apparatus further includes:

::f the guidewire, said guidewire extending though said shaft, said cutting head
::: 15 and said shield hood portion hole, said shaft, said cutting head, and said shield

asscmbly being movable along said guidewire to advance said router assembly

along said guidcwire.
9. Apparatus according to any one of the preceding claims, wherein said shield
20  assembly body portion includes a collar within a sleeve, said body portion hole

extending through said collar.

10.  Apparatus according to any one of the preceding claims, wherein at least a

portion of said shaft is flexible.
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11.  Apparatus according to any one of the preceding claims, wherein at Jeast a

portion of said shield assembly is flexible.

12.

Apparatus according lo any one of the preceding claims, wherein at least a

5  portion of said body portion is flexible.

3.  Apparatus according to any one of the preceding claims, wherein said
apparatus further includes:
.the guidewire, said guidewire being formed out of a pseudoelastic material.
10
14.  Apparatus for removing portions of a bone, said apparatus including:
a guidewire; and
a router assembly;
said router assembly including a cutting head fixed to a shaft rotatably
15 disposed in a hole through a body portion of a shield assembly, and a hood portion
of said shield assembly extending from said body portion of said shield assembly
and covering a first portion of said cutting head while leaving exposed a second
portion of said cutting head;
sajd guidewire extending through a bore in said shaft, a bore in said cutting
20  head, and a hole in said shield assembly bood portion, such that said router
assembly is movable along said guidewirc and said shaft is rotatable in said shield
assembly body portion, such that said second portion of said cutting head is
engagcable with the bone and is operative to remove portions of the bone,
whercin said guidewire is constructed from a highly elastic yet firm

material, enabling the router assembly to cut away bone even if the guidewire is

flexed relative to the bone.
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15. Apparatus for removing portions of a bonc, said apparatus comprising a
cutting head fixcd to a shaft, and a guidewire cxtendible through a bore extending
through said shaft and said cutting head, such that said cutting head is movable
along said guidewire, said cutting head being devoid of culling means on a first
partion of the periphery thercof and having cutting means on a sccond portion of

the periphery thereof, said second portion of said culling head being engageablce

with the bonc portions to be rcmoved, said shaft and cutting head being rotatably ‘

movable in an oscillating fashion such that said cutting head second portion moves
in allernating opposite dircctions across the bone portions Lo remove portions
thereof, said first portion being smooth and non-destructive with respect to

anatomical structures with which said first portion comes into contact.

6. Apparatus for removing portions of a bone, said apparatus comprising a
cutting head fixed to a shaft, and a guidewire extendible through a bore cxtending
through said shalt and said cutting head, such that said cutting head is movable
along sad guidewire, said cutting head being adapled to cut bone coming into
engagement with said cutting head but to leave unharmed soft tissue coming into
contact with said cutting head, wherein said guidewire is constructed from a highly
clastic yet firm material, enabling the cutting head to cut away bonc even if the

suidewire 1s flexed relative to the bone

17. Apparatus for marking portions of bone subsequently to be removed, said
apparatus comprising a marker hcad fixed to a shalt, and a gunidewire exlendible
through a borc extending through said shaft and said marker head, such that said

murker head is movable along said guidewire, said marker head being adapted to
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hold a dye and releasc the dye upon contact with a bone, thereby to mark the
portions of the bone proximate said guidewire as said marker head moves along

said guidewire.

5 18.  Apparatus according to claim 17 further compnising a fixture for disposal in
a bone tunncl, with a distal end of said guidewire pivotally attached to said fixture
and movablc about the pivotal connection such that said guidewire can extend from

said fixture at an anglc to a lengthwisc central axis ol said fixture.

10 19.  Apparatus for marking bone portions for subsequent removal, the apparatus
comprising:
a marker assembly compnsing:
a markcer head fixed to a shaft and adapted to hold and rclease a dye;
said shaft and said marker head having bores therethrough;
15 and said apparatus further comprising:
a guidewire for passing through said shaft borc and said marker head
bore to support said marker assembly which is movable on said
guidewirc to engage bone porliens proximate said guidewire and
mark said bone portions for said subsequent removal.
20
20. A method for removing portions of a bone said method comprising the steps
of:
providing (i) a guidewire, and (ii) a router assembly comprising a culting
head fixed to a shaft rotatably disposed in a hole through a body portion of a shield
25 assembly, and a hood portion of said shicld assembly extending from said body

ortion of said shield assembly and covering a first portion of said cutting head
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whilc leaving cxposed a second portion of said cutting head, said shaft and said
cutting head having bores therethrough, and said shield assembly hood portion
having a hole therein;

anchoring said guidewire in the bone;

mounting said router assembly on said guidewire such that said guidewire
extends through said shaft bore, said cutting head bore, and said hood portion hole,
and moving said router asscmbly along said guidewire to proximate the bone;

positioning said router assembly such that said second portion of said
cutting head is directcd toward the bone portion to be removed, and rotating said
shaft, to rotate said cutting head, to remove portions from the bone, while the shield
assembly hood portion separates said cutting head from other anatomical structures,
whcr.ein said guidewire is constructed from a highbly elastic yet firm matenal,

enabling the router assembly to cut away bone even if the guidewire is flexed

“relative to the bone.

21. A method according to claim 20 wherein a distal end of said guidewire is
pivotally connected to a fixture and said fixture 1s anchored in a tunnel in the bone

to thereby aiicho

22, A mecthod for reconstructing an anterior cruciate ligament (ACL) of a
patient using a graft ACL, said mcthod comprising the steps of:

cxtending the patient’s knee at an angle of approximately 90°;

forming a bone tunnel in the patients tibia;

passing a guidewire through said tibial bone tunnel and into the patient’s
femur, said guidewire being positioned so as to extend along the length where the

graft ACL will thereafter reside;
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positioning a cannulated router device onto said guidewire;
performing notchplasty on said femur using said cannulated router device as

said cannulated router device is mounted on said guidewire and as said knce is

moved through a range of natural motions; and

dismounting said cannulated router device from said guidewire.

23. A method according to claim 22, wherein sald method comprises the further

steps of?
forming a bone tunnel jn said femur;
removing said guidewire from said femur; and

installing the graft ACL in said femoral bone tunncl and said tibial bone

tnnel.

24.  Apparatus for removing portions of a bonc substantially as herein described

and illustratcd with reference to the accompanying drawings.

25.  Apparatus for marking portions of a bone subsequently to be removed
...d - ..’t}.

substantially as herein described and illustrated wi

drawings.

26. A method for removing portions of a bone substantially as herein described

and illustrated with reference to the accompanying drawings.
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