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[57] ABSTRACT

A femoral guide for precisely positioning a guide wire on a
bone surface of the femur includes a body having a lumen
for receiving a guide wire and a tongue protruding from the
body for engaging an edge or reference point on the bone
surface with the tongue being spaced a predetermined dis-
tance from a longitudinal axis of the lumen. The lumen
includes an opening allowing a guide wire extending
through the lumen to contact the bone surface at a location
spaced from the edge substantially the predetermined dis-
tance with the tongue engaging the edge. A stylus on the
body can be driven into the bone to secure and stabilize the
femoral guide prior to driving the guide wire into the bone
through the lumen. With the guide wire driven into the bone,
a bone tunnel can be formed substantially concentrically or
coaxially along the guide wire such that a longitudinal axis
of the bone tunnel will be disposed from the edge substan-
tially the predetermined distance. Methods of precisely
forming bone tunnels include the steps of engaging an edge
of a bone surface with a tongue of the femoral guide,
inserting a guide wire through a lumen of the femoral guide,
driving the guide wire into the bone through the lumen and
forming a bone tunnel in the bone along the guide wire such
that a longitudinal axis of the bone tunnel will be disposed
from the edge engaged by the tongue a distance substantially
equal to the distance that the tongue is disposed from a
longitudinal axis of the lumen.

12 Claims, 3 Drawing Sheets
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FEMORAL GUIDE AND METHODS OF
PRECISELY FORMING BONE TUNNELS IN
CRUCIATE LIGAMENT RECONSTRUCTION

OF THE KNEE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention pertains to surgical instruments for
precisely positioning guide wires in bone allowing tunnels to
be formed in the bone along the guide wires and, more
particularly, to femoral guides for precisely positioning
guide wires in the femur in cruciate ligament reconstruction
of the knee allowing bone tunnels to be formed in the femur
along the guide wires at sites anatomically equivalent to the
cruciate ligament and to methods of precisely forming bone
tunnels.

2. Description of the Prior Art

Various surgical procedures utilize graft or prosthetic
ligaments to reconstruct natural ligaments that have been
damaged by injury or disease. Where the ligaments to be
reconstructed are found in joints or articulations of the body,
i.e., the connections of the various surfaces of the bones in
the body, graft or prosthetic ligaments are typically
implanted and fixated in bones of the joint at sites anatomi-
cally equivalent to the natural ligament. In cruciate ligament
reconstruction, such as anterior cruciate ligament recon-
struction of the knee, tandem, isometrically positioned bone
tunnels are formed, respectively, in the tibia and femur at
sites anatomically equivalent to attachment of the anterior
cruciate ligament, and a graft or prosthetic ligament having
bone blocks at its ends is inserted in the bone tunnels to
extend across the knee joint with the bone blocks disposed,
respectively, in the bone tunnels. Interference bone fixation
screws are inserted in the tibial and femoral bone tunnels to
be positioned laterally between the bone blocks and walls of
the bone tunnels. to fixate the ligament and provide a
bone-tendon-bone graft. In anterior cruciate ligament recon-
struction of the knee, it is very important that the bone
tunnels be located at the anatomic sites of attachment of the
anterior cruciate ligament; and, where anterior cruciate
ligament reconstruction is performed as an open surgical
procedure utilizing relatively long incisions on the order of
ten inches in length to access the knee joint, the increased
room for maneuverability afforded by the Jong incisions can
enhance proper placement of the tibial and femoral bone
tunnels. However, open surgery possesses numerous disad-
vantages over closed, or least invasive surgery, including
increased invasiveness and trauma, prolonged hospitaliza-
tion and rehabilitation times, increased patient discomfort,
possible violation of capsular mechanoreceptors, dessication
of articular cartilage and delayed post-surgical mobility.
Accordingly, it is preferred to perform anterior cruciate
ligament reconstruction as a least invasive, closed, or endo-
scopic, procedure wherein portals of minimal size, such as
are formed with a puncture or stab wound, in tissue adjacent
the knee are utilized to access the knee joint with the knee
being visualized with an arthroscope, the portals being just
large enough to accommodate surgical instruments inserted
at the knee joint. Arthroscopic anterior cruciate ligament
reconstruction provides numerous benefits over open sur-
gery including minimal invasiveness and trauma, perfor-
mance on an out-patient basis, reduced rehabilitation time,
decreased patient discomfort, early, aggressive range of
motion, cosmetically pleasing incisions, completion with
tourniquet times under one hour, the opportunity to perform
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a diagnostic arthroscopy without having to commit to ante-
rior cruciate ligament reconstruction unless confirmed by the
diagnostic findings and early weight bearing without loss of
fixation.

Where cruciate ligament reconstruction is performed as a
closed, or endoscopic, surgical procedure, the small size of
the portals limits access to and maneuverability at the knee
joint making it relatively more difficult to precisely place the
tibial and femoral bone tunnels at sites anatomically equiva-
lent to the cruciate ligament. In most cases, guide wires or
pins are inserted through arthroscopic size portals from
externally of the body and are driven, from externally of the
body, in the tibia and femur at desired locations for longi-
tudinal axes, or centers, of the tibial and femoral bone
tunnels, allowing the bone tunnels to be formed along the
guide wires, such as by drilling or reaming, substantially
coaxially or concentrically with the guide wires. Although
the guide wires are effective in guiding instruments, such as
drills and reamers, utilized to form the bone tunnels, prob-
lems can arise in arthroscopic cruciate ligament reconstruc-
tion in precisely positioning or locating the guide wires. If
the guide wires are not located and inserfed at sites ana-
tomically equivalent to attachment of the cruciate ligament,
the tibial and femoral bone tunnels, as guided by the guide
wires, will not be properly located, and ligament reconstruc-
tion will be impaired. In arthroscopic anterior cruciate
ligament reconstruction, it is difficult to position a guide
wire on the femur at a position corresponding to the ana-
tomic center of attachment of the anterior cruciate ligament.
In order to position a tip of the guide wire on the femoral
condyle at the anatomic center for the anterior cruciate
ligament and drive the guide wire into the femur such that
a bone tunnel formed along the guide wire will have a
longitudinal axis substantially aligned with the anatomic
center of the anterior cruciate ligament, the guide wire must
be inserted through a tibial bone tunnel from a portal of
minimal size, and a tip of the guide wire must be located on
the femoral condyle with the guide wire held and driven into
the femur from externally of the knee. When positioning the
tip of the guide wire on the femoral condyle, it is desired that
the tip be positioned high in a notch on the femoral condyle,
the notch being formed in a notchplasty procedure prior to
formation of the bone tunnels, such that the longitudinal axis
of the femoral bone tunnel will be disposed sufficiently
anterior, i.e., approximately 6—7 millimeters, to the posterior
edge or “over-the-top ridge” of the notch and the femoral
bone tunnel will be as far posterior as possible while still
allowing a tunnel and not a trough with the cortical margin
of the femur being neither too wide nor too narrow. How-
ever, it is extremely difficult in arthroscopic anterior cruciate
ligament reconstruction to position and hold the guide wire
from externally of the knee such that the tip of the guide wire
is optimally, isometrically positioned on the femur; and,
even when properly positioned, the guide wire can slip or
shift prior to being driven into the femur resulting in an
improperly positioned femoral bone tunnel and impaired
placement of the graft or prosthetic ligament. Where instru-
ments are used to help guide or hold the guide wire, the
instruments themselves can slip or shift causing displace-
ment of the guide wire; and, frequently, the use of instru-
ments does not eliminate the need for a surgeon to estimate
where to place instruments such as drills or reamers when
forming the femoral bone tunnel along the guide wire.
Accordingly, arthroscopic anterior cruciate ligament recon-
struction as presently performed lacks instruments for pre-
cisely positioning a guide wire on the femur at a site
anatomically equivalent to the anterior cruciate ligament to
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allow a femoral bone tunnel formed substantially coaxially
or concentrically along the guide wire to be optimally,
isometrically positioned.

SUMMARY OF THE INVENTION

Accordingly, it is a primary object of the present invention
to overcome the above-mentioned disadvantages of femoral
guides and methods of forming bone tunnels.

Another object of the present invention is to provide a
guide for precisely positioning 'a guide wire on a bone
surface in relation to a reference edge on the bone surface
engaged by the guide.

A further object of the present invention is to provide a
femoral guide for precisely positioning a guide wire in the
femur such that a bone tunnel formed along the guide wire
has a longitudinal axis substantially aligned with the ana-
tomic center of attachment of the cruciate ligament,

It is also an object of the present invention to provide a
guide having a tongue for engaging an edge on a bone
surface to position a guide wire inserted through the guide
on the bone surface such that a longitudinal axis of a tunnel
formed substantially concentrically along the guide wire is
a predetermined distance from the edge.

Yet another object of the present invention is to provide a
femoral guide having a tongue and a lumen having a

20

25

longitudinal axis disposed a predetermined distance from the

tongue such that a guide wire inserted in the lumen has a
longitudinal axis disposed substantially the predetermined
distance from the tongue,

A still further object of the present invention is to provide
a femoral guide for precisely positioning a guide wire on the
femur such that a bone tunnel formed along the guide wire
has a longitudinal axis approximately 67 millimeters ante-
rior to a posterior edge or “over-the-top ridge” of a notch.on
the femoral condyle,

An additional object of the present invention is to provide
a guide having a stylus for being driven into the bone to
stabilize the guide during insertion of a guide wire into the
bone along the guide,

Furthermore, it is an object of the present invention to
provide a method of precisely forming bone tunnels in a
joint of the body endoscopically with a guide inserted at the
joint from a portal of minimal size to position a guide wire
on a surface of a bone of the joint such that the guide wire
is a predetermined distance from a reference edge on the
bone surface engaged by the guide allowing the guide wire
to be driven into the bone for forming a bone tunnel along
the guide wire.

Another object of the present invention is to provide a
method of forming bone tunnels in a bone of a joint of the
body endoscopically with a guide inserted at the joint from
a portal of minimal size and including positioning a tongue
of the guide against an edge of a bone surface of the bone
such that a guide wire inserted through a lumen of the guide
is positioned on.the bone surface a distance from the edge
that is substantially equal to the distance from the tongue to
a longitudinal axis of the lumen.

It is also an object of the present invention to provide a
method of forming a femoral bone tunnel in arthroscopic
cruciate ligament reconstruction of the knee including the
steps of inserting a femoral guide through a tibial bone
tunnel from an arthroscopic size portal, positioning a tongue
of the femoral guide against a posterior edge of a surface of
the femoral condyle, inserting a guide wire through a lumen
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4

of the femoral guide to contact the surface of the femoral
condyle and driving the guide wire into the femur such that
a bone tunnel formed substantially concentrically or coaxi-
ally along the guide wire has a longitudinal axis spaced from
the reference edge a distance substantially equal to the
distance from the tongue to a longitudinal axis of the lJumen.
Yet another object of the present invention is to provide a
method of arthroscopic anterior cruciate ligament recon-
struction of the knee including forming a closed or open end
femoral bone tunnel in the femur along a guide wire pre-
cisely positioned by a femoral guide inserted through a tibial
bone tunnel from an anterolateral or anteromedial portal
such that a longitudinal axis of the femoral bone tunnel is
disposed 6-7 millimeters anterior to a posterior edge or
“over-the-top ridge” of a notch on the femoral condyle.

Some of the advantages of the present invention are that
accurate, isometric positioning of tibial and femoral bone
tunnels in arthroscopic cruciate ligament reconstruction is
enhanced, the time required to perform arthroscopic anterior
cruciate ligament reconstruction is reduced, error in forming
bone tunnels in arthroscopic cruciate ligament reconstruc-
tion is minimized, femoral bone tunnels can readily be
located high in a notch formed in the femur, the use of blind,
or closed-end, femoral bone tunnels as well as open-end -
femoral bone tunnels in arthroscopic anterior cruciate liga-
ment reconstruction is permitted, the creation of a trough:
and not a tunnel when forming femoral bone tunnels is
avoided, a cortical margin that is neither too wide nor too
narrow is insured, tunnel placement can be verified prior to
tunnel formation, the femoral isometric point can be accu-
rately identified,- the need for surgeons to estimate the
position of drills and reamers when forming femoral bone
tunnels along guide wires is eliminated, anteromedial and
anterolateral portals can be used for inserting guide wires in
arthroscopic anterior cruciate ligament reconstruction, the
size of portals used in arthroscopic cruciate ligament recon-
struction can be minimized, the femoral guide according to
the present invention is streamlined in structure, right and
left knee compatible and can be sterilized for repeated use,
the tip of a guide wire positioned by the femoral guide on a
bone surface can be viewed endoscopically, a footprint can
be created on a bone surface as guided by a guide wire
positioned by the femoral guide and examined prior to
forming a bone tunnel allowing adjustments to be made if
necessary, the femoral guide is designed to be accommo-
dated in portals of very small size and the configuration of
the femoral guide facilitates manipulation and maneuver-
ability at the knee joint as well as arthroscopic visualization
of the knee.

Accordingly, these and other objects and advantages are
obtained with the present invention as characterized in a
femoral guide including an elongate body having a distal
end, a proximal end and a longitudinal lumen for receiving
a guide wire and a handle mounting the proximal end of the
body. The body includes a cylindrical member and a tip
extending angularly, distally from the cylindrical member.
The lumen extends through the cylindrical member from the
proximal end toward the distal end, the lumen terminating
distally at an opening on an arcuate surface of the tip, the
opening being disposed proximally of the distal end. The
lumen has a diameter sized to closely receive the outer
diameter of a guide wire inserted through the femoral guide
such that a longitudinal axis of the guide wire is substantially
aligned . with a longitudinal axis- of the lumen, and the
opening of the lumen allows the guide wire to protrude
distally from the body to contact a bone surface. The arcuate
surface of the tip terminates distally at an end wall at the
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distal end, and a tongue protrudes distally from the end wall
and, therefore, the distal end, of the body. The tongue has a
surface for engaging a reference edge on a surface of the
bone, and the surface of the tongue is disposed a predeter-
mined distance from the longitudinal axis of the lumen such
that a guide wire inserted through the lumen will be posi-
tioned in contact with the bone surface a distance from the
edge that is substantially equal to the predetermined dis-
tance. A stylus protrudes from the end wall in the same
direction as the tongue allowing the stylus to be driven
through the bone surface and into the bone with the bone
surface abutting the end wall and the tongue engaging the
reference edge. The guide wire can be driven into the bone
along the lumen, and the femoral guide can be removed from
the guide wire allowing an instrument, such as a cannulated
drill or reamer, to be mounted on the guide wire with the
guide wire extending through the cannulation to drill a
tunnel in the bone substantially concentrically or coaxially
along the guide wire such that a longitudinal axis of the
tunnel is disposed from the reference edge substantially the
predetermined distance. A method of forming bone tunnels
endoscopically, or arthroscopically, in joints of the body
such as the knee includes the steps of inserting the femoral
guide at the joint through a portal of minimal size, position-
ing a tongue of the femoral guide in engagement with a
reference edge on a surface of a bone of the joint, inserting
a guide wire through a lumen of the femoral guide and
contacting the bone surface with the guide wire at a location
spaced from the edge a distance substantially equal to the
distance from the tongue to a longitudinal axis of the lumen,
driving the guide wire into the bone through the lumen and
forming a bone tunnel in the bone substantially concentri-
cally or coaxially along the guide wire.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view of a femoral guide according to the
present invention.

FIG. 2 is a front view of the femoral guide of FIG. 1.

FIG. 3 is an enlarged, broken side view, partly in section,
of the femoral guide of FIG. 1.

FIG. 4 is a broken top view of the femoral guide of FIG.
1.

FIG. 5 is a perspective view of a knee showing the
femoral guide of FIG. 1 inserting a guide wire in the femur
from an anteromedial portal.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A femoral guide according to the present invention is
shown at 10 in FIG. 1 and includes a body or probe 12
having a distal end 14, a proximal end 16 and a longitudinal
axis and a handle 18 mounting the proximal end 16 of the
body 12. The body 12 is preferably made of stainless steel
and includes an elongate, cylindrical member or tube 20
terminating proximally at proximal end 16 and a tip 22
distally joined to the cylindrical member 20, the cylindrical
member 20 having a longitudinal axis coaxially aligned with
the longitudinal axis of the body 12. The tip 22 extends
angularly, distally from the cylindrical member 20 and
includes an arcuate surface 24 extending distally from a wall
of the cylindrical member 20 with an inward curvature and
an opposed arcuate surface 26 extending distally with an
inward curvature from a wall of the cylindrical member 20.
The arcuate surface 24 terminates distally at an end wall 28
at the distal end 14, the end wall 28 having a planar surface
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disposed in a plane transverse and perpendicular to the
longitudinal axis of the body 12 as shown in FIG. 3. A
tongue 30 protrudes or extends distally from the end wall 28
and, therefore, the distal end 14, in a direction parallel with
the longitudinal axis of the body 12, the tongue 30 termi-
nating distally at an arcuate segment 32 as shown in FIG. 4.
The tongue 30 is of generally uniform width and thickness
and has a planar surface 34 extending perpendicularly from
the end wall 28 to the arcuate segment 32 parallel with and
offset from the longitudinal axis of the body and an opposed
planar surface 36 joined to arcuate surface 26 and extending
from the arcuate surface 26 to the arcuate segment 32
parallel with the upper surface 34. A pair of opposing,
parallel side walls 38 having planar surfaces laterally, equi-
distantly disposed with the longitudinal axis of the body 12
join the arcuate surfaces 24 and 26, the end wall 28 and the
tongue 30 with the side walls 38 merging with the cylindri-
cal wall of the body 12 as shown in FIGS. 3 and 4. A
longitudinal passage or lumen 40 extends through the body
12, the lumen 40 having a diameter sized to closely receive
the outer diameter of a guide wire or pin 41 as shown in FIG.
3 and as will be explained in greater detail below, and a
longitudinal axis coaxially aligned with the longitudinal axis
of the body 12 such that the longitudinal axis of the lumen
is spaced from the upper surface 34 of the tongue 30 by a
predetermined distance. The lumen 40 includes a first diam-
eter section 42 in cylindrical member 20 extending from the
proximal end 16 in a distal direction and a second, relatively
larger diameter section 44 coaxially aligned with the first
diameter section 42 and distally joined to the first diameter
section 42 within the cylindrical member 20 at an internal,
annular shoulder 46, the second diameter section 44 extend-
ing distally from the shoulder 46 through the tip 22 to an
opening 48 on the arcuate surface 24 that is generally oval
or elliptical in configuration when viewed from above as
shown in FIG. 4 with the opening 48 being disposed
proximally of the end wall 28 and, therefore, the distal end
14. A stylus 50 having a sharp point or tip 52 protrudes
distally from the end wall 28 in the same direction as the
tongue 30, the stylus 50 having a generally conical configu-
ration with the point 52 at the apex of the conical stylus and
an axis of the stylus through the apex being parallel with the
upper surface 34 of the tongue 30 such that the stylus can be
driven into bone with the end wall 28 abutting a surface of
the bone and an edge of the bone surface engaged by the
upper surface 34 of the tongue 30 as will be explained
further below.

The body 12 can be of integral, unitary construction, or
the body 12 can be formed of multiple pieces joined at
junctions, such as shown by junction 54 in FIG. 4, by
techniques such as welding. Where the body is formed of
multiple parts or pieces, it is preferred that the junction 54
be disposed at least 0.250 inches proximally of the shoulder
46. The tip 22 can be formed as a single piece of unitary,
integral construction or the tip 22 can be formed of multiple
pieces joined by techniques such as welding allowing the
stylus 50 and the tongue 30 to be formed separately from the
body 12. The body 12 can have various configurations and
arrangements of parts providing a lumen sized to closely
receive the outer diameter of a guide wire or pin and a
tongue protruding distally from the body and having a
surface for engaging an edge of a bone surface to position a
longitudinal axis of a guide wire received in the lumen on
the bone surface a distance from the edge that is substan-
tially equal to the distance from the surface of the tongue to
the longitudinal axis of the lumen. Accordingly, it will be
appreciated that the lumen 40 need not be coaxially aligned
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with the body 12, and that the longitudinal axis of the lumen
40 can be offset from the longitudinal axis of the body 12.
Depending on the configuration of the bone surface and the
edge. of the bone surface to be engaged by the tongue, the
upper surface of the tongue need not be parallel to the
longitudinal axis of the lumen and the end wall need not be
perpendicular thereto. Accordingly, it will be appreciated
that the tongue and end wall can have various configurations
and that the tongue can be angled and non-parallel to the end
wall and the longitudinal axis of the lumen. The stylus 50
can have various configurations and can be assembled on the
body 12 at various locations to allow the stylus to be driven
into bone with an edge of a bone surface engaged by the
tongue 30 to secure and stabilize the femoral guide prior to
inserting a guide wire through the lumen and when driving
the guide wire into bone. According to a preferred embodi-
ment .of the femoral guide 10, the diameter of the first
diameter section 42 is substantially 0.099 inches to receive
a guide wire or pin having an outer diameter of 0.0985
inches, the distance from the upper surface 34 to the
longitudinal axis of the lumen 40 is substantially 0.276
inches such that a bone tunnel formed substantially concen-
trically or coaxially along a guide wire positioned through
the lumen of the femoral guide will have a longitudinal axis
disposed 6-7 millimeters. from the edge of the bone surface
engaged by the tongue 30. The length of tongue 30 from end
wall 28 to arcuate segment 32 is substantially 0.375 inches,
the length of stylus 50 from end wall 28 to point 52 is
substantially 0.155 inches, the radius of curvature for arcu-
ate surface 24 measured from a point 3.00 inches from the
lower surface 36 and 0.23 inches proximally from arcuate
segment 32 looking at FIG. 3 is substantially 2.78 inches, the
radius of curvature for arcuate segment 26 measured from a
point 2.40 inches from the lower surface 36 and 1.56 inches
proximally from the arcuate segment 32 looking at FIG. 3 is
substantially 2.65 inches, the outer diameter of cylindrical
member 20 is substantially 0.190 inches, the distance

between the side walls 38 is substantially 0.150 inches and .

the overall length of the body 12 from arcuate segment 32
to the proximal end 16 is substantially 6.00 inches. It will be
appreciated that the dimensions of the femoral guide can
depart from those described here as illustrative and that the
femoral guide 10 can have various dimensions and configu-
rations allowing the femoral guide to be inserted through
portals of minimal size and to be manipulated within close
confines of joints in the body.

The handle 18 is preferably made of stainless steel and
includes a mounting section 54 having a longitudinal, cylin-
drical: passage 55 therein with a diameter sized to closely
receive the outer diameter of the cylindrical member 20 of
body 12 and a gripping section 58 extending angularly
outwardly from the mounting section 54. The mounting
section 54 has a pair of opposing side walls 60 defining a
width that tapers in the direction of the cylindrical passage
55 as shown in FIG. 2 and a pair of curved forward and
rearward walls 62 and 64, respectively, joining the side walls
60 as shown in FIG. 1. As shown in FIG. 1, the forward and
rearward walls 62 and 64 curve toward each other such that
the length of the handle tapers from near the cylindrical
passage 55 to the gripping section 58. The gripping section
58 includes a pair of side walls 66 joined to the side wall 60
and terminating at a radial wall 68 as shown in FIG. 2, and
forward and rearward walls 70 and 72, respectively, joining
the side walls 66 as shown in FIG. 1. The forward and
rearward walls 70 and 72 are joined, respectively, to the
forward and rearward walls 62 and 64 of the mounting
section 54. Ridges 74 are provided on the rearward wall 72
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of the gripping section 58, the ridges 74 extending transverse
to the side walls 66 to facilitate grasping of the handle 18
during use. Indicia can be provided on the side walls 60 of
the mounting section or at any other suitable location on the
handle 18 to identify the distance from the upper surface 34
of tongue 30 to the longitudinal axis of the lumen 40. The
cylindrical member 20 of the body 12 is concentrically
mounted in the passage 55 of the handle 18 with the
proximal end 16 of the body 12 extending proximally of the
mounting section 54 a short distance and, preferably, 0.375
inches, as shown in FIG. 1., and the gripping section 58 is
disposed diametrically opposite the tongue 30. The body 12
can be secured to handle 18 by techniques such as welding
allowing the femoral guide 10 to be sterilized for repeated
use utilizing known sterilization procedures. With the body
12 assembled with the handle 18, the gripping section 58
extends angularly, distally in a direction outwardly from the
longitudinal axis of the body 12 such that the handle section
58 is disposed at an acute angle with the longitudinal axis of
the body 12 for engagement in an inverted position. It will
be appreciated that the handle 18 can have various structural
configurations to mount the body 12 and provide a gripping
section permitting the femoral guide 10 to be grasped and
held conveniently, from externally of the body, and to
position the tip 22 in the body via a portal of minimal size.

According to a method of operation for the guide 10 in
precisely forming bone tunnels in a bone of a joint endo-
scopically, the femoral guide 10 is inserted at a joint in the
body through a portal of minimal size formed in tissue
adjacent the joint with the joint being visualized endoscopi-
cally. With the handle 18 manually grasped and held in an
inverted position externally of the bedy, the tip 22 is
manipulated to position the upper surface 34 of the tongue
30 against an edge of a bone surface that is to have a tunnel
entry thereon. With the edge of the bone surface abutting the
upper surface 34 of the tongue 30, the longitudinal axis of
the lumen 40 will be spaced from the edge a distance that is
equal to the distance from the upper surface 34 to the
longitudinal axis of the lumen 40. The guide 10 is then
driven toward the bone surface such that the sharp point 52
of the stylus 50 enters the bone surface and secures and
stabilizes the femoral guide. A guide wire or pin, such as
guide wire 41 shown in FIG. 3, is inserted in the lumen 40
from the proximal end 16 of the guide 10 externally of the
body. The guide wire 41 will exit the lumen 40 through the
opening 48 and, by moving the guide wire 41 toward the
bone surface, a tip of the guide wire 41 will contact the bone
surface at a point that is spaced from the edge a distance
substantially equal to the distance from the upper surface 34
to the longitudinal axis of the lumen 40. The curvature of the
arcuate surface 24 allows the tip of the guide wire 41 10 be
seen endoscopically. An end of the guide wire 41 protruding
from the proximal end 16 is coupled, externally of the body,
with a tool or instrument for drilling the guide wire in bone,
and the guide wire is drilled a desired depth into the bone.
The guide 10 is then removed from the  guide wire through
the portal and a tunneling instrument, such as a drill or
reamer, having a central cannulation is mounted on the guide
wire 41 externally of the body with the guide wire extending
through the cannulation. The tunneling instrument is
inserted at the joint through the portal and, with the instru-
ment guided by the guide wire 41, a bone tunnel is formed
substantially concentrically or coaxially along the guide
wire 41 in the bone to a desired depth such that a longitu-
dinal axis of the bone tunnel is located from the edge a
distance substantially equal to the distance from the upper
surface 34 to the longitudinal axis of the lumen 40. Accord-
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ingly, the guide 10 according to the present invention allows
bone tunnels to be formed in bone along guide wires with
entry points of the bone tunnels located on surfaces of the
bone by positioning the guide wires with the guide at the
centers of the tunnel entry points such that the tunnel entry
points are precisely located on the bone surfaces in relation
to reference points or edges on the bone surfaces that can be
engaged by the tongue of the guide.

The femoral guide 10 according to the present invention
is useful in various diverse types of surgical procedures
involving the need to precisely position and form bone
tunnels in bone endoscopically and, in particular, the femo-
ral guide 10 is useful in ligament reconstruction in joints of
the body and, especially, the knee. The femoral guide 10 can
be used in reconstructing various diverse types of ligaments
and, when used to reconstruct ligaments of the knee, the
femoral guide 10 is particularly useful in forming bone
tunnels arthroscopically when reconstructing the anterior
cruciate ligament of the knee. According to a method of
arthroscopic anterior cruciate ligament reconstruction of the
knee, a portal of minimal size is formed in tissue adjacent the
knee to access the knee joint with the knee being visualized
with an arthroscope. A diagnostic arthroscopy can be per-
formed prior to anterior cruciate ligament reconstruction
without having to commit to an anterior cruciate ligament
reconstruction unless confirmed by the arthroscopic find-
ings. The portal should be placed anteromedial or antero-
lateral on the knee and, preferably, the portal is placed
medially on the knee as a portal placed too high can result
in too steep an angle for the tibial bone tunnel while a portal
placed too low can interfere with the meniscus. The portal
should be placed just superior to the medial meniscus and
must not penetrate any portion of the patellar tendon.
Instruments are inserted through the portal to perform any
necessary procedures such as meniscectomy, minuscal
repair, removal of loose bodies, and debridement of anterior
cruciate ligament tears. An instrument is inserted through
the portal to perform a notchplasty resulting in a notch 76,
as shown in FIG. 5, on the femoral condyle, the notch 76
being approximately 2 centimeters in width and adequately
posterior to include the extreme posterolateral femoral cor-
tex and having a surface 77 terminating at a posterior edge
or “over-the-top” ridge 78. Where an autogenous graft
ligament is utilized, a graft having bone blocks at its ends is
harvested from the patellar tendon through vertical inci-
sions, i.e., an anteromedial incision or portal beginning 1
centimeter medial to the tibial tubercle and 2 centimeters
distally to the joint line and being 2.5 centimeters in length
and a patellar incision 2.5 centimeters in length and begin-
ning at the distal pole of the patella and extending proximal
over the midline of the patella. A guide wire or pin is placed
at the anatomic center of the tibial tunnel entry on the tibia
via an anterolateral portal or the anteromedial portal 80
previously used to harvest the graft. An instrument such as
a drill or reamer having a cannulation is mounted on the
guide wire with the guide wire extending through the
cannulation, and a tunnel 82 is drilled in the tibia substan-
tially concentrically or coaxially along the guide wire at a
site anatomically equivalent to the anterior cruciate liga-
ment. The drill or reamer and the guide wire are removed
from the tibia and, with the knee at an angle of 30° to 45°,
the femoral guide 10 is introduced through the tibial bone
tunnel 82 from the anteromedial or anterolateral portal 80,
and the femoral guide 10 is advanced across the knee joint
with the handle 18 held externally of the body. The tongue
30 of the femoral guide 10 is positioned against the posterior
edge or ridge 78 and, once positioned, the femoral guide 10
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is moved toward the surface 77 to drive the stylus 50 through
the surface 77 and into the femur thusly securing or stabi-
lizing the femoral guide 10. A guide wire 41 is inserted
through the lumen of the femoral guide from externally of
the body such that a tip of the guide wire protruding through
the opening 48 contacts the surface 77 to establish a longi-
tudinal axis or center for an entry point of a tunnel to be
formed in the femur along the guide wire 41, the arcuate
surface 24 allowing the tip of the guide wire 41 to be seen
arthroscopically. A desired position for the femoral bone
tunnel is high in the notch 76 with a longitudinal axis or
center of the femoral bone tunnel located approximately 67
millimeters anterior to the edge or ridge 78, and the distance
from the upper surface 34 of the tongue 30 to the longitu-
dinal axis of the lumen 40 results in the guide wire 41 being
placed at the desired position on the surface 77. An end of
the guide wire 41 protruding from the proximal end 16 of the
femoral guide 10 is coupled with an instrument for drilling
the guide wire 41 in bone, and the guide wire 41 is drilled
into the femur as shown in FIG. 5. The guide wire is drilled
into the femur a depth of approximately 3—4 centimeters for
a blind, or closed end, femoral bone tunnel and, for an open
end femoral bone tunnel, the guide wire 41 is drilled into the
femur until it exits the lateral femoral cortex but not through
the skin. The femoral guide 10 is backed out of the femur
and removed from the knee through the portal 80, and an
instrument for forming a bone tunnel, such as a drill or
reamer, having a cannulation therein is mounted on the guide
wire 41 with the guide wire extending through the cannu-
lation. The drill or reamer is inserted through the portal 80
along the guide wire, and a footprint of the drill or reamer
is created on the surface 77 and examined arthroscopically
to insure accurate positioning of the femoral bone tunnel
entry point. The width of the posterior cortex remaining
should be approximately 1-2 millimeters, the posterolateral
femoral cortex must be adequately identified and the femoral
bone tunnel should be as far posterior as possible while still
allowing a tunnel and not a trough. If the cortical margin is
too wide or too narrow, the guide wire 41 may be reinserted
and another footprint made and examined until accurate
placement of the bone tunnel is confirmed. Once the entry
point for the femoral bone tunnel has been properly placed,
the femoral bone tunnel is drilled along the guide wire and,
for a blind tunnel, the tunnel is drilled slightly deeper than
the length of the bone block intended for fixation in the
femoral bone tunnel and, for an open tunnel, the tunnel is
drilled through the lateral femoral cortex. The drill or reamer
and the guide wire 41 are removed through the portal 80, and
the autogenous ligament or a prosthetic ligament is inserted
through the tibial bone tunnel and across the knee joint with
a bone block disposed in each of the bone tunnels. Interfer-
ence bone fixation screws are then inserted in the tibial and
femoral bone tunnels laterally between the bone blocks and
walls of the bone tunnels in directions parallel with longi-
tudinal axes of the bone tunnels to fixate the ligament.

Accordingly, the femoral guide and methods of forming
bone tunnels endoscopically according to the present inven-
tion allow bone tunnels to be precisely formed endoscopi-
cally in bone along guide wires by positioning the guide
wires such that longitudinal axes of the bone tunnels formed
substantially concentrically or coaxially along the guide
wires are spaced from reference edges on the bone a
predetermined distance. The femoral guide of the present
invention allows femoral bone tunnels to be precisely posi-
tioned in arthroscopic cruciate ligament reconstruction at
sites anatomically equivalent to the cruciate ligament to
insure accurate graft or prosthetic ligament placement and
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isometricity. The femoral guide permits the use of small size
portals in arthroscopic cruciate ligament reconstruction and
is designed to facilitate manipulation and maneuverability at
the knee joint. The femoral guide facilitates arthroscopic
viewing of the tip of the guide wire on the femoral condyle
and examination of the footprint created prior to forming the
femoral bone tunnel. The femoral guide and the methods of
forming bone tunnels according to the present invention
allow guide wires to be inserted at the knee from anterolat-
eral and anteromedial portals and reduce the number of
portals required in arthroscopic cruciate ligament recon-
struction of the knee. By precisely positioning a guide wire
a predetermined distance from an edge on a bone surface,
the femoral guide and methods of forming bone tunnels
according to the present invention avoid errors in placing
bone tunnels and eliminate the need for surgeons to estimate
where to put instruments, such as drills or reamers, when
forming bone tunnels. The tongue of the femoral guide
according to the present invention allows an edge, a ridge or
some other structure of bone to be used as a reference in
forming bone tunnels such that longitudinal axes of bone
tunnels formed along guide wires positioned via the femoral
guide will be located a predetermined distance from the
reference. The stylus of the femoral guide enhances accu-
racy and precision in forming bone tunnels by securing or
stabilizing the femoral guide relative to the bone prior to
drilling the guide wire.

Inasmuch as the present invention is subject to many .

variations, modifications and changes in detail, it is intended
that all subject matter discussed above or shown in the
accompanying drawings be interpreted as illustrative only
and not be taken in a limiting sense.

What is claimed is:

1. A guide for positioning a guide wire on a bone having
a bone surface with an edge to allow a tunnel to be formed
in the bone along the guide wire including:

an elongate body having a distal end and a proximal end,
said body including a cylindrical member and an arcu-
ate surface extending distally from said cylindrical
member and terminating distally at an end wall at said
distal end, said end wall being disposed in a plane;

a lumen in said body for receiving a guide wire and
having a longitudinal axis perpendicular to the plane in
which said end wall is disposed, said lumen extending
from said proximal end to an opening formed on said
arcuate surface for allowing the guide wire to protrude
from said body to contact the bone surface; and

a tongue on said body having a surface spaced from said
longitudinal axis and protruding distally from said end
wall beyond said opening for engaging the edge of the
bone surface whereby a guide wire protruding from
said body contacts the bone surface at a location spaced
from the edge a distance substantially equal to the
distance that said surface of said tongue is spaced from
said longitudinal axis of said lumen.

2. A guide as recited in claim 1 wherein said surface of

said tongue is parallel with said longitudinal axis of said
lumen.
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3. A guide as recited in claim 2 wherein said body includes
an arcuate surface joining said tongue to said cylindrical
member and said arcuate surfaces have an inward curvature.

4. A guide as recited in claim 3 wherein said body includes
a pair of parallel walls joining said arcuate surfaces, said end
wall, said tongue and said cylindrical member.

5. A guide as recited in claim 4 wherein said lumen has a
diameter sized to closely receive an outer diameter of the
guide wire.

6. A guide as recited in claim 5 wherein said body includes
a longitudinal axis and said lumen longitudinal axis is
coaxially aligned with said body longitudinal axis.

7. A guide as recited in claim 1 further including a stylus
on said end wall for being driven through the bone surface
and into the bone to secure said body with said tongue in
engagement with the edge of the bone surface.

8. A guide for positioning a guide wire on a bone having
a bone surface to allow a tunnel to be formed in the bone
substantially concentrically along the guide wire including:

an elongate body having a distal end and a proximal end,
said body including a cylindrical member having said
proximal end and a tip extending angularly, distally
from said cylindrical member, said tip including an end
wall at said distal end and an arcuate surface joining
said end wall to said cylindrical member;

a lumen disposed in said body for receiving a guide wire
and having an opening formed in said arcuate surface
proximally of said end wall for allowing the guide wire
to protrude from said body to contact the bone surface;-
and

a stylus protruding in a distal direction from said end wall
and having a sharp tip for penetrating bone whereby
said stylus can be driven through the bone surface and
into the bone to secure said body to the bone to allow
a guide wire protruding from said body to be driven
into the bone through said lumen.

9. A guide as recited in claim 8 wherein said lumen
includes a longitudinal axis and said stylus includes a
longitudinal axis parallel with said lumen longitudinal axis.

10. A guide as recited in claim 9 wherein said stylus has
a conical configuration.

11. A guide as recited in claim 10 wherein said lumen has
a diameter to receive an outer diameter of a guide wire
having a longitudinal axis with the longitudinal axis of the
guide wire substantially aligned with said longitudinal axis
of said lumen.

12. A guide as recited in claim 11 further including a
tongue on said body spaced from said longitudinal axis of
said lumen for engaging the bone surface at a reference point
on the bone surface to position said longitudinal axis of said
lumen a distance from the reference point that is the same as
the distance from said tongue to said longitudinal axis of
said lumen.
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