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INSTRUMENTATION FOR MINIMALLY
INVASIVE JOINT REPLACEMENT AND
METHODS FOR USING SAME

RELATED APPLICATIONS

This application is a continuation-in-part of U.S. patent
application Ser. No. 09/737,380 filed Dec. 15, 2000, now
U.S. Pal. No. 6,503,267, This applicaticn is alsc a
continuation-in-part of U.S. patent application Ser. No.
09/815,405 filed Mar. 22, 2001, now abandoned. This appli-
calion is also a continuation-in-part of U.S. patent applica-
tion Ser. No. 09/569,020 filed May 11, 2000, now U.S. Pat.
No. 6,432,063. This applicalion is also a centinuation-in-
part of U.S. patent application Ser. No. 09/483,676 filed Jan.
14, 2000, now U.S. Pat. No. 6,468,289, This application is
also a continuation-in-parl of U.S. patenl application Ser.
No. 09/602,743 filed Jun. 23, 2000, now U.S. Pai. No.
6,361,565. This application is also a continuation-in-part of
U.S. patent application Ser. No. 09/526,949 filed on Mar. 16,
2000, now U.S. Pat. No. 6,620,181. This application is also
a continuation-in-part of U.S. patent application Ser. No.
09/789,621 filed Feb. 21, 2001, mow U.S. Pal. No. 6,635,
073.

BACKGROUND OF THE INVENTION

The presen! invention relates to a new and improved
method of performing surgery. The surgery may be of any
desired type. The surgery may be performed on joints in a
patient’s body. The surgery may be performed on any
desired joint in a patient’s body. Regardless of the type of
surgery to be performed, a limited incision may advanta-
geously be ulilized.

This specification relates to limited incision partial or tolal
knee joint replacements and revisions and is the result of a
contimuation of work which was previously performed in
conjunction with the subject matter of U.S. Pat. No. 5,514,
143. This specification also conlains subjeci matter which
relates to U.S. Pat. Nos. 5,163,949; 5,269,785; 5,549,683,
5,662,710; 5,667,520; 5,961,499; 6,059,817; and 6,099,531.
Although this specification refers to knee joints, it should be
understood that the subject matter of this applicalion is also
applicable 1o joints in many different portions of a patient’s
body, for example a shoulder, spine, aom, hand, hip or foot
of a patient.

During a total or parlial knee replacement or revision, an
incision is made in a knee portion of a leg of the patient to
obtain access 1o the knee joint. The incision is relatively long
lo enable instrumentation, such as a femoral alignment
guide, anlerior reseclion guide, distal resection guide, femo-
ral cutting guide, and femoral anterior, posterior and cham-
fer resection guide to be positioned relative to a distal end
pottion of the femur. In addition, the incision must be
relatively large to enable a libial resection guide lo be
positioned relative to the proximal end portion of the tibia.

With known procedures of total or partial knee
replacement, the incision in the knee portion of the patient
is made with the leg of the patient extended (straight) while
the patient is lying on his or her back. At this time, the
extended leg of the patient is disposed along and resis on a
patient support surface. After the incision has been made in
the knee portion of the leg of the patient, the leg is Aexed and
a foot connected with the leg moves along the patient
support surface. The knee portion of the flexed leg of the
patient is disposed above the patient support surface. This
results in the soft Gssue in the knee being compressed
against the back of the knee joiot. This makes it very difficult

30
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to access posterior or soft lissue to remove bane spurs
(oslified), meniscus, posterior capsile, ligaments in the back
of the joint, and/or any residual soft tissue or connective
tissue that is blocking further Hexion.

After the incision has been made and while the leg is
flexed with the fool above the patient support surface, the
surgeon can not view arteries, nerves and veins which are
sitting just posierior to the knee capsule. Therefore, a
surgeon may be very reluctant, or at least very careful, of
imserting ipstruments into ihe back of the knee joint 1o
remove tissue. This may result in osteophyles, bone spurs
and similar types of posterior sefl lissue being lefi in place.

With known techniques, Lhe patella is commozly everted
from ils normal position. When the palella is everted, the
inner side of the palella is exposed and faces outward away
from end portions of the ferur and tibia. The ouler side of
the everted patella faces inward toward the end portions of
the femur and the tibia. Moving the everted patella to cne
side of end portions of the femur and tibia tends to increase
the size of the incision which must be made in the knee
portion of the palient’s leg.

After implants have been positioned in the knee portion of
the patient’s leg, it is common to check for fexion and
extension balancing of ligaments by flexing and extending
the knee portion with the foot above the support surface. 1f
the ligaments are (oo light medially or laterally, they can be
released to obtain the desired tension. However, the check-
ing of ligament balance by flexing and extending the leg of
the palient, ignores rotational balancing of higamenis. Since
the femoral implani is movable relative 1o the tibial implant,
the stabilily of the knee joint is dependent upon balancing of
the ligaments in flexion, extension, and rotation

SUMMARY OF THE INVENTION

The present invention relates to a new and improved
method and apparatus for use in performing any desired type
of surgery on a joint in a palient's body. The joinl may
advantageously be a knee joint. However, the method and
apparatus may be used in association with surgery on other
joints in a patient’s body. There are many different features
of the present invention which may used either logether or
separately in association with many different types of sur-
gery Although features of the present inveation may be used
wilh many different surgical procedures, the invention is
described herein in conjunction with surgery on a joint in a
patient’s body.

One of the features of the present invention relates to the
making of a imited incision. The limited incision may be in
any desired portion of a patient’s body. For example, the
limited incision may be in a knee portion of a leg of a
patient. The limited incision may be made while a lower
portion of lhe leg of the patient is extending dowpward from
the upper portion of the leg of the patient. At this time, a foat
connected with the lower portion of the leg of the patient
may be below a surface on which (he patient is supported.
The limited incision may be made while the lower portion of
the leg of the patient is suspended from the wpper portion of
the leg or while the lower portion of the leg andfor the fool
of the palient are held by a support device. Afier the incision
has been made, any one of many surgical procedures may be
undertaken.

Il is believed that in certain circumstances, il may be
desired to have a main incision of limited length and a
secondary incision of even smaller length. The secondary
incision may be a portal or stab wound. A cutting tool may
be moved through the secondary incision. An implant may
be moved through the main incision.
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Once the incision has been made, a paiella in a knee
portion of the patient may be offset to one side of its normal
position. When the patella is ofiset, an inmer side of the
patella faces inward loward the end portions of a femur and
tibia.

Although any one of many known surgical procedures
may be underntaken through the limiled incision, down sized
instrumentation for use in the making of cuts in a femur
and/or tibia may be moved through or part way through the
incision. The down sized instrumentation may be smaller
than implants to be positioned in the knee portion of the
patient. The down sized insirumentation may have opposile
ends which are spaced apart by a distance which is less than
the distance between lateral and medial epicondyles on a
femur or tibia in he leg of the pakient.

It is contemplaied that the down sized insirumentation
may have cutting tool guide surfaces of reduced length. The
length of the cutting (ool guide surfaces may be less than the
length of a cut to be made on a bone. A cut on a bone in the
patient may be completed using previously cut surfaces as a
guide for the cutting tool.

It s contemplated that at least some, if not all, culs on a
bone may. be made using light directed onto the bone as a
guide. The light directed onto the bone may be in the form
of a three dimensional image. The light directed onto ihe
bone may be a beam along which a cutting tool is moved into
engagemenl with the bone.

There are several different orders in which cuts may be
made on bones 1n the knee portion of the leg of the patient.
It 1s believed that it may be advantageous 1o make the
palellar and tibial cuts before making the femoral cuts.

There are many different reasons to check ligament bal-
ancing in a knee portion of the leg of a patieni. Ligament
balancing may be checked while the knee portion of the leg
of the patient is flexed and the foot of the patient is below
the support surface on which Lhe patient is disposed. Flexion
and extension balancing of ligaments may be checked by
varying the exteni of flexion of the knee portion of the leg
of the patient. In addition, rotational stabilily of the liga-
ments may be checked by rolating the lower portion of the
leg of the patienl about its central axis. Balancing of
ligarnents may also be checked by moving the foot of the
patient sideways, rotating the lower portion of the leg of the
patient, and/or moving the foot anteriorly or postenorly.

It is believed that it may be advaniageous to ufilize an
endoscope or a similar apparatus to examine portions of the
patient’s body which are spaced from the incision. It is also
contermplated that images of the knee portion of the patient’s
leg may be oblained by using any one of many known image
generating devises other than an endoscope. The images
may be obtained while the patient’s leg is stationary or in
motion. The images may be obtained 1o assist a surgeon in
conducting any desired type of surgery.

Balancing of the ligaments in the knee portion of a
patient’s leg may be facilitaled by the positicning of one or
more transducers between tendons, ligaments, and/or bones
in the knee portion. One transducer may be posilicned
relative 10 a medial side of a kaee jornt. Another trapsducer
may be positioned relative to a lateral side of the knee joinl.
During bending of the knee joint, the cutput from the
transducers will vary as a function of variations in lension
forces in the ligaments. This enables the tension forces in
ligamenls in opposite sides of the knee porlion 1o be com-
pared 1o facililate balancing of the ligaments.

Patellar tracking may be checked by the positioning of
one or more transducers between the patella and the distal
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end portion of the femur. If desired, one transducer may be
placed between a medial portion of the palella and the distal
end portion of the femur. A second transducer may be placed
between a Jaleral portion of the patella and the distal end
portion of the femur. Qutput signals from a transducer will
vary as a function of variations in force transmitied between
the patella and femur during bending of the leg.

The articular surface on the paiella may be repaired. The
defective original articular surface on the patella may be
removed by cutting the palella while an inner side of Lhe
patella faces toward a distal end portion of a femur. The step
of culling the patella may be performed while the patella is
disposed in silu and is urged toward the distal end portion of
the femur by conneclive lissue. An implant may then be
positioned on the patella.

It is contemplated ihat the size of the incision in the knee
or other portion of the palient may be minimized by con-
ducting surgery through a cannula. The cannula may be
expandable. To facililate moving of an implant through the
cannula, the implant may be formed in two or more portions.
The portions of the implant may be interconnected when the
portions of the implant have been positioned in the patient’s
body. Although the implants disclosed herein are associated
wilh a patient’s knee, il should be undersiood that the
implants may be positioned al any desired location in a
patieni’s body.

An implant may be positioned in a recess formed in a
bone in a patient. The implant may contain biclogical
resurfacing and/or bone growth promoling materials. The
implant may contain mesenchymal cells and/or tissue induc-
tive faclors. Alternatively, the implanl may be formed of cne
or more malerials which do not enable bone 1o grow into the
implant.

In accordance with one of the features of the present
invention, body tissue may be moved or stretched by a
device which is expandable. The expandable device may be
biodegradable so that it can be left in a patient’s body. The
expandable device may be expanded 10 move and/or stretch
body tissue and increase a range of motion of a joint. The
expandable device may be used Lo stretch body tissue in
which an incision is 1o be made.

An improved drape system is provided lo maintain a
sterile field between a surgeon and a patient during move-
ment of the surpeon relative (o the palienl. The improved
drape system includes a drape which extends between the
surgeon and a drape for the patient. During surgery on a knee
portion of a leg of a pafient, the drape system extends
beneath a foot pertion of the leg of a patient. It is contem-
plated that the drape system will be ufilized during many
different types of operations other than surgery on a leg of
a patient.

There are many different features to the present invention.
It is contemplated that these features may be used together
or separalely. il is also conlernplaled that the features may be
utilized in association with joints in a patient’s body other
than a knee joint. For example, features of the present
invention may be used in associalion with surgery on
vertebral joints or glenoid joints. However, 1t is believed that
many of the features may be advantageously utilized
together during the performance of surgery on a palient’s
kpee. However, the invention should not be limited to any
particular combination of features or to surgery on any
particular joint I a patient’s body. It is conlemplaied that
features of the present invention will be used in associalion
with surgery which is not performed on a joint in a patient’s
body.



Case 1:12-cv-01110-GMS Document 1-1 Filed 09/10/12 Page 29 of 39 PagelD #: 36

US 6,702,821 B2

5
BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features of the invention will
become more apparent upon a consideration of the following
description taken in coonection with the accompanying
drawings wherein:

FIG. 1 is a schematic illustration depicling extended and
flexed positions of a patient’s leg during performance of
knee surgery in 2 known manner;

FIG. 2 is a schematic illustration depicting (he manner in
which a leg support is used to support an upper portion of a
leg of a patient above a support surface on which the palient
is disposed in a supine orientation during performance of
knee surgery;

FIG. 3 is a schematic illustration depicling the patient’s
leg after a porticn of a drape system has been posilioned
over the paticnt, the leg being shown in a fexed condition
with the foot below the patient support surface and with an
upper portion of the leg supported by the leg support of FIG.

FIG. 4 is a schematic illustration of the patient’s leg of
FIGS. 2 and 3 in an extended condition and of the drape
syslem which extends between a surgeon and the patient;

FIG. 5 is a schematic illustration depicling the manner in
which the drape system of FIG. 4 mainlains a sterile ficld
during movement of the surgeon relalive to the patient;

FIG. 6 is a schematic illuslration depicting the manner in
which an incision is made in the knee portion of the leg of
the patient when the leg is in the position illustrated in FIGS.
2and 3;

FIG. 7 is a schematic illustration depicting the manner in
which the incision is expanded and a patella is everted with
the leg of the patient extended;

FIG. 8 is a schematic illustration depicting the manner in
which a drill is utilized to form a passage in a femur in the
upper porlion of the leg of the patient with tbe leg in the
position illusirated in FIGS. 2 and 3 and the palella offsel
from its normal position;

FIG. 9 is a schematic illustration of the positioning of a
femoral aligrment guide in the hole formed by the drill of
FIG. 8 with the leg of the palient in the position illustrated
in FIGS. 2 and 3;

FIG. 10 is a schematic illustration depicling the position
of an anterior resection guide and a stylus relative to Lhe
femoral alignment guide of FIG. 9 before an anierior femur
cut has been made with the leg of the patient in the position
illusirated in FIGS. 2 and 3;

FIG. 11 is a schematic illustration, taken generally along
the line 11—11 of FIG. 10, further illustrating the relation-
ship of the anterior resection guide and stylus to the distal
end portion of the femur;

FIG. 12 is a schematic illustration further illustrating the
relationship of the anterior reseclion guide and stylus to the
distal end portion of the femur;

FIG. 13 is a schematic illustration depicting the manner in
which a cutting tool is moved along a guide surface on the
anterior resection guide during making of an anterior femur
cut with the leg of the palient in the position illustrated in
FIGS. 2 and 3;

FIG. 14 is a schematic illusiration depicting the relation-
ship of the femoral alignment guide to the fermur after
making of the anterior fermur cut of FIG. 13, the anterior
resection guide and stylus being removed from the femoral
alignment guide, and the leg of the patient being in the
position illustrated in FIGS. 2 and 3,
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FIG. 15 is a schemalic illustration of the anterior femur
cut and femoral alipnment guide of FIG. 14;

FIG. 16 is a schematic illustrafion depicting the manner in
which the femoral alipnment guide is utilized to position a
distal resection guide relalive to the distal end portton of the
femur after making of the anterior femur cut and with the leg
of the patient in the position illustrated in FIGS. 2 and 3;

FIG. 17 is a schematic illustration depicting the manner in
which a distal femur cul is made with a cutting tool after the
femoral alignment guide has been removed, the leg of the
patient being in Lthe position illustrated in FIGS. 2 and 3;

FIG. 18 is a schematic illustration depicting the relation-
ship of the cutling teol and distal resection guide of FIG. 17
to the femur;

FIG. 19 is a schematie illusiration depicling the manner in
which a femoral entting guide is positioned on the distal end
portion of the ferur with the leg of the patient in the position
illustrated in FIGS. 2 and 3,

FIG. 20 is a schematic illusiration further depicting the
relationship of the femoral cuiling guide to the distal end
portion of the femur;

FIG. 21 is a schematic illustration depicting the relation-
ship of a tibial resection guide to (he proximal end portion
of a tibia in the lower portion of the patient’s leg after
making the femorzl culs and with the leg of the paiient in the
position illustrated in FIGS. 2 and 3;

FIG. 22 is a schematic illustration of the distal end portion
of the femur and the proximal end poriion of the tibia after
making the femoral and tibial cuts with the leg of the patient
in the position illustrated in FIGS. 2 and 3 and the patella
offsel to cne side of the incision;

FIG. 23 is a schemalic illustration further depicting the
femoral and tibial cuis of FIG. 22,

FIG. 24 is a schematic illusiralion depicting the manner in
which force is applied against the bottom of the patient’s
foot by a surgeon’s knee with the leg of the palient in the
position illustrated in FIGS. 2 and 3;

FIG. 25 is a schemalic illusiration depicling the various
directions in which the lower portion of (he patient’s leg can
be moved relative to the upper portion of the patient’s leg o
expose porticns of the bone al the incision in the knee
portion of the patient’s leg and to check ligament balancing,

FIG. 26 is a schemalic illusiralion depicting the manner in
which a tibial punch is positioned relative 1o a tibial base
plale with the leg of the patient in the position illustrated in
FIGS. 2 and 3;

FIG. 27 is a schemalic illustration depicting completed
preparation of the tibia for a tibial (ray implant with {he leg
of the patient in the position illustrated in FIGS. 2 and 3;

FIG. 28 is a schematic illustration depicting positioning of
a tibial bearing insert in the tibial tray of FIG. 27 with (he
leg of the patient in the position illestrated in FIGS. 2 and

FIG. 29 is a schematic illustration depicting femoral and
tibial implants with the leg of the palient in the position
illustrated in FIGS. 2 and 3;

FIG. 30 is a schematic illustration of an apparatus which
may be utilized to move the lower portion of a patient’s leg
relalive o the upper portion of a patient’s leg when the
patient’s leg is in the position iltustrated in FIGS. 2 and 3,

FIG. 31 is a schematic illustration depicling the manner in
which a distal resection guide is connected with a patient’s
femur by pins which extend through the guide and through
skin in the upper pertien of the patient’s leg inlo the femur
with the leg of the patient in the position illustrated in FIGS.
2 and 3,
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FIG. 32 is a schematic illustralion depicting the manner in
which an endoscope may be inserted through an incision in
a patient’s knee to inspect portions of the patient’s knee
which are remote from the incision with the leg of the patient
in the position iflustrated 1o FIGS. 2 and 3;

FIG. 33 is a schematic illustralion similar to FIG. 32,
depicling the manmer in which lhe endoscope may be
inserted through the incision in the patient’s knee with the
leg of the patient extended;

HG. 34 is a schematic illustration depicting the manner in
which an imaging apparatus may be ulilized to generate
images of a portion of the patient’s leg and the manner in
which a robot may be utilized to position cuiting lools or
other devices relative Lo the patient’s leg with the patient’s
leg in the position illustrated in FIGS. 2 and 3;

FIG. 35 is a schematic illustration depicting the relation-
ship of a cut line 1o a patella in a knee of the leg of the patient
with the leg in the position illustraled in FIGS. 2 and 3 and
with the patella in the normal position;

FIG. 36 is a schematic illustration depicting the manner in
which a cutting tool is moved relative to a guide member to
cut the patella of FIG. 35 while the patella is disposed in situ;

FIG. 37 is a schematic illustration depicting the manner in
which a tibial alignment shaft and a tibial resection guide are
positioned relative to a tibia in a lower portion of a leg of the
patient with the leg of the patient in the position illusirated
in FIGS. 2 and 3,

FIG. 38 is an enlarged fragmentary view of a portion of
FIG. 37 and illustrating the construction of the tlibial resec-
tion guide;

FIG. 39 is a schematic illustration depicting the relation-
ship between an expandable cannula and an incision in the
knee portion of one leg of the patient with the leg of the
patient in the position illustrated in FIGS. 2 and 3;

FIG. 40 is a schemalic illustration depicting the relation-
ship between two separale portions of an implant which are
interconnected within the patient’s body,

FIG. 41 is a schematic illusiration depicting the relation-
ship of transducers to a flexed knee joint of a patient when
the leg of the patient is in the position illustrated in FIGS. 2
and 3;

FIG. 42 is a schematic illustration, gencrally similar to
FIG. 41, illustrating the relationship of the transducers to the
knee joint when Lhe leg of (he patient is extended,

FIG. 43 is a schematic illustration of a distal end portion
of a femur in a leg of a patienl with the leg in the position
llustrated in FIGS. 2 and 3 and illustrating the relationship
of an implant to a recess in the end portion of the femur;

FIG. 44 is a schematic sectional view depicting ihe
manner in which a cutiing tool 1s used io form a recess in (he
end portion of the femur of FIG. 43 with the leg of the
patient in the position illusirated in FIGS. 2 and 3

FIG. 45 is a schematic sectional view, laken generally
along the line 45—45 of FIG. 43 further illustrating the
relationship of the implant to the recess;

FIG. 46 is a schemalic end view of a proximal end portion
of a tibia in a leg of a patient, with the leg in the position
illustrated in FIGS. 2 and 3, illustrating the relationship of an
implant 1o a recess in the end potlion of Lhe tibia;

FIG. 47 1s a schemalic sectional view depicling the
manner in which a cufting tool is used to form the recess in
the end portion of the tibia of FIG. 46;

FIG. 48 is a schemalic sectional view, taken generally
along the line 48—48 of FIG. 46, further illustrating the
relationship of the implant 1o the recess;
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FIG. 49 is a schemafic sectional view illusirating the
relationship of another implant to a recess 1 a bone 1 a
patient’s body;

FIG. 50 is a schematic illustration depicting the relation-
ship between a tibial implant and a tibia in the leg of the
palient;

FIG. 51 is a schemalic illustration depicting the relation-
ship of expandabie devices to the knee portion of a patient’s
leg;

FIG. 52 is a schematic illustration depicting the manner in
which an expandable device may be positioned relative to a
knee portion of a patient’s leg with the patient’s leg in the
posilion flustrated in FIGS. 2 and 3;

FIG. 53 is a schemalic illustration depicting the manmner in
which a femoral cutting guide may be mounted on a distal
end of a femur in a patient’s leg with the patient’s leg in the
position illustrated in FIGS. 2 and 3,

FIG. 54 is a schemalic illustraticn of the manner in which
a femoral culting guide may be mounted on a side surface of
a femur in a patient’s leg with the patient’s leg in the position
illustrated in FIGS. 2 and 3;

FIG 55 is a schematic illustralion depicting the manner in
which light is directed onto a distal end portion of a femur
with the patient’s leg in the position iflustrated in FIGS. 2
and 3;

FIG. 56 is a schematic itlusiration depicting the manner in
which light is used to guide movement of a cutting tool
relative to a distal end portion of a femur with the patieot’s
leg in the position illustrated in FIGS. 2 and 3;

FIG. 57 is a schematic illusiralion depicting the manner in
which a cutting 1ool is moved relalive to a secondary
incision with a knee portion of a patient’s leg in the position
illustrated in FIGS. 2 and 3; and

FIG. 58 is schematic illustration depicting the relationship
of transducers o a patella and distal end portion of a femur
with the patient’s leg in the position illustrated in FIGS. 2
and 3.

DESCRIPTION OF SPECIFIC PREFERRED
EMBODIMENTS OF THE INVENTION
Known Method of Performing Surgery on a Patient’s Knee

Dhuring the performance of surgery using known methods,
a paiient is supporied on an operaling table or other support
surface 52 (FIG. 1). When a leg 50 of the patient is in the
extended posilion illusirated in dashed lines in FIG. 1, a foot
54 connecled with a lower portion 56 of the leg 50 is
disposed above the support surface 52. During an operation
on a knee portion 58 of the leg 50, the knee portion is raised
and lowered relative to the supporl surface as the leg 50 is
flexed and exlended. However, the foot 54 is always dis-
posed above the support surface 54 and may be supported by
the support surface throughout (he operation

During this known operating procedure, an incision is
made in the knee portion 58 of the leg 50 when the leg is in
the extended pasition illustrated in dashed lines in FIG. 1. At
this time, the foot 54 of the patient may rest on the support
surface 52 or be disposed in a fool support Jocated above the
support surface. Once an incision has been formed in the
knee portien 58, the leg 50 may be flexed or bent to the
position illustraled in solid lines in FIG. 1.

As the knee porticn 58 is bent, the leg 50 is flexed and
compresses the soft tissue of the knee portion 58 against the
back of the knee joint. This makes it very difficult 10 access
the posterior of the knee portion 38 to remove bone spurs
(ostified), the meniscus, the posterior capsule, and/or any
residual soft tissue or bone that is blocking further flexion.
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The catching or pinching of soft tissue in the posterior aspect
of the knee portion 58 may prevent further flexion and Jimits
the range of motion. In addition, arieries, nerves and veins
are sitling just posterior of the knee joint.

Due to the lack of access lo the posterior of the knee
portion 58, a surgeon may be very reluctant or, at least, very
carcful about inserting instruments blindly into the back of
the knee joint lo remove lissue. This may result in
ostcophytes, bone spurs and similar types of posterior soft
tissue will be left in place.

Cuts are made on a femur and tibia with the leg 50 in the
bent or flexed condition, illustrated in FIG. 1. This results in
the distal end portion of the femur and the proximal end
portion of Lhe tibia in the leg 50 being pressed together
adjacent to the cuts. This interferes with ligament balancing.
The relatively large incision which is necessary 1o accom-
modate known Insirumentation syslems increases Llime
required for the patient to recover from the operation,
Preparation for Operation

It is contemplated that various features and/or combina-
tions of features of the present invention will be utilized
during surgery on different portions of a patient’s body, such
as a head, trunk or limbs of a paiient. Although al least some
of the features of the present invenlion are believed particu-
larly advantageous when utilized in association with surgery
on any one of the many joinis in a patient’s body, it is
believed that the various features and/or combination of the
features of the present invention are particularly advanta-
geous when utilized in conjunction with surgery on a knee
portion of a leg of a patient. 11 should be understood that the
various features of the present invention may be use sepa-
ralely or in any desired combination of features.

Surgery on the knee portion of the patient may relate to
any one of many different aspects of the knee portion, such
as ligaments, 1endons, articular surfaces, and/or total or
partial knee replacements or revisions. Although the disclo-
sure herein frequently refers o one parlicular type of knee
operation, thal is, a total knee replacement, features of the
invention may be utilized with any desired type of surgery.
It 15 believed that it will be apparent 1o a person having a
knowledge of knee surgery how varous features of the
winvention may be utilized with either a full or partial knee
replacement. Therefore, ihere has been only minimal men-
tion herein of how the features of the mmvention are appli-
cable to pariial knee replacements.

‘When knee surgery is to be performed in accordance with
one of the features of the present invention, the patient 62
(FIG. 2) is disposed on a support surface 64 of an operating
Lable 66. If desired, a patient support surface 64 other than
an operaling lable could be used to supporl the patient. A
loweyr portion 68 of a leg 70 exiends downward from an
upper portion 72 of the leg 70. A foot 74 connecled with the
lower portion 68 of the leg 70 is disposed below the support
surface 64. The leg 70 is flexed so that a knee portion 76 of
the leg is bent.

In accordance with another of the features of the present
invention, the upper portion 72 of the leg 70 s supporled
above the support surface 64 by a leg support 80 (FIG. 2).
The leg support 80 includes a stand or base secticn 82 which
is connected with the operating table 66. The leg support 80
includes a base 84 which is connected with an upper end
portion of the stand 82. The base 84 is engaged by and
supports the upper portion 72 of the leg 70.

A generally annular thigh holder 86 extends around the
upper portion 72 of the leg 70 of the patient and is connected
with the base 84 and siand 82. The basc 84 has a portion
which extends along the posterior side of the upper portion

10

20

25

35

40

45

50

55

63

10

72 of the leg 70 of the patient. The base 84 supports the
upper porticn 72 of the leg 70 above and spaced from the
support surface 64. However, the upper portion 72 of the leg
70 could be disposed in engagement with the support surface
64 if desired.

The leg support 80 supports the leg 70 of the patient with
a hip 88 of the patient hyperflexed at an anple of twenty 10
thirty degrees throughout the operation on the knee portion
76. The leg support 80 may have a known commercial
construction or may have a construction simiar to that
disclosed in UU.S. Pat. No. 4,373,709 or US. Pat. No.
6,012,456, If desired, a tourniquet may be combined with
the leg support 80 in a manner similar to that provided in
known leg supports or in a manner similar 1o that disclosed
in U.S. Pat. No. 4,457,302.

In accordance with another feature of the invention, (the
lower portion 68 (FIG. 3) of the leg 70 is suspended from the
upper portion 72 of the leg. This enables the foot 74 and
ankle portion 86 of the leg 70 of the patient to be freely
moved in any direction or a2 combination of directions. Thus,
the foot 74 and ankle portion 86 of the leg 70 of the patient
can be moved anteriorly or upward (as viewed in FIG. 3) to
decrease the extent of flexion of the knee portion 72 or even
to extend or straighlen the leg 70.

Alternatively, the foot 74 and ankle portion 86 may be
moved posteriorly toward the operating table 66, from the
position illusirated in FIG. 3, 1o hyperflex the knee poriion
72 of the leg of a patient. The fool 74 may be moved
sidewardly, that is in either a laleral or medial direction. In
addition, the foot 74 may be rotaled about the longitudinal
ceniral axis of the lower portion 68 of the leg 70.

It is contemplated that the foot 74 and ankle portion 86
may be simullaneously moved in a plurality of the directions
previously mentiened. If desired, the upper portion 72 of the
leg 70 of the patient may be supported on a separate section
of the operating table 66, n a manner similar to Lhe
disclosure in U.S. Pal. No. 5,007,912.

After a drape 90 has been positioned over the patient 62
and the operaling table 66, in the manner illustrated in FIG.
3, the leg 70 extends out of the drape. The drape 90 may be
connected with the leg support 80 and have an opening 92
(FIGS. 3 and 4) through which the leg of the patient extends.
This enables the leg 70 of a patient to be moved belween the
extended position illustrated in FIG. 4 and a hyperflexed
position in which the fool 74 is disposed posteriorly from the
position illustrated in FIG. 3.

When the leg 70 is in a hyperflexed condition, the
included angle between the upper and lower portions 72 and
68 of the leg 70 is less than mnety degrees. The leg 70 may
be flexed from the extended position of FIG. 4 to a hyper-
flexed position by manually moving the fool 74 and an ankle
portion 96 of the leg 70 relative to the operating table 66
(FIG. 2) while the upper portion 72 of the leg is held by the
leg support 80. When tbe leg 70 is hyperflexed, a portion of
the foot 74 may be disposed benealh the operating table 66
(FIG. 2).

An improved drapery system 100 (FIG. 4) includes the
drape 90 and a drape 102 connected with a gown 104 on a
surgeon 106. The illustrated drape 102 is formed separately
from the drape 90 and gown 104. However, the drape 102
may be inlegrally formed as one piece with the drape 90.
Alternatively, (he drape 102 may be inlegrally formed as one
piece with the gown 104.

In the embodiment illustrated in FIG. 4, the drape 102 is
formed separately from the gown 104 and the drape 90. The
drape 102 is connected to the drape 90 by suitable clamps
108. The drape 102 js connecled with the waist of the
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surgeon 106 by clamps 110 to the gown 104. Rather than
utilizing clamps 108 lo interconnect the drapes 90 and 102,
the drapes could be inlerconnected by Velero, ties, or other
known devices. Of course, similar devices could be wiilized
to comnect the drape 102 with the gown 104 of ihe surgecn
106.

The improved drapery systern 100 maintains a sterile field
between the leg 70 and the surgeon 106 during movement of
the surgeon relative to the patienl 62. Thus, when the
surgeon is in a seated position (FIG. 4) the drapery system
100 provides a sterile field which extends from (he surpeon
to the space benecath and adjaceat to the leg 70. When the
surgeon stands (FIG. 5) Lhe drapery system 100 continues to
maintain a sterile field between the surgeon and the patienl.
This enables the surgeon 106 io move the leg 70 of a patient
during an operation without conlaminaling the sterile field.
The draping sysiem 100 enables the sterile field to be
maintained when the patient’s leg is moved between ihe
extended position of FIGS. 4 and 5 and a hyperflexed
position in which the foot 74 of the patient is disposed
beneath the operating table 66.

During movement of the surgeen 106 relative to the
patient, for example, between the seated position of FIG. 4
and the standing positicn of FIG. 5, the drape 102 moves
with (he surgeon and maintains a sterile field. Thus, when
the surgeon 106 maves toward and away from the patient,
the end portion of the drape 102 connected with the surgeon
also moves toward and away from the palient. As the
surgeon moves toward the patienl, a portion of the drape 102
belween the surgeon 106 and patient is lowered. As the
surgeon moves away from the patient, the portion of the
drape 102 between the surgeon and patient is raised. The
foot 74 connected with the leg 70 of the patient is always
above the drape 102 during movement of the surgeon 106.

Although the drapery system 100 has been 1llustrated in
FIGS. 3-5 in association with a paticat’s leg 79, the drapery
system may be used in association with surgery on any
desired portion of a patient’s body. For example, the drapery
systern 100 could be used lo maintain a sterile field between
a surgeon and patient during surgery on a {runk portion of a
palient’s body. Allernatively, the drapery system 100 could
be used to maintain a sterile field during surgery on a head
or arm portion of a patient’s body.

Incision

In accordance with another feature of the present
invention, a mited incision 114 (FIG. 6) 1s formed in the
koee portion 76 of (he leg 70. The incision 114 is made just
medial to the patella 120. However, the incision 114 could
be disposed laterally of the patella 120. Although the length
of the incision 114 may vary depending upon the
circumslances, the incision 114 will usually bave a lenglh of
between about seven (7) and about thirteen (13) centimeters.
However, even smaller incisions may be made when cir-
cumstances permit.

The incision is made when the knee poriion 76 of (he leg
is flexed and the lower portion 68 of the leg extends
downward from the upper portion 72 of the leg in the
maneer illustrated in FIGS. 2 and 3. At this time, the upper
portion 72 of the leg 70 is supported above the support
surface 64 by the leg support 80 (FIG. 2). The lower portion
68 of the leg 70 is suspended from the upper portion 72 of
the leg (FIGS. 2 and 3)

When the knee portion 76 of the leg 70 is flexed so that
the lower portion 68 of the leg is suspended at an angle of
approximalely ninely degrees relative to the upper portion
72 (FIGS. 2 and 3), the incision 114 (FIG. 6) may have a
length of approximaiely len (10) centimeters. When the leg
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70 is straightened from the flexed condition of FIGS. 2 and
3 io the extended condition of FIGS. 4 and 5, the length of
the incision 114 may decrease by between ten and thirty
percent. Thus, in one specific instance, an incision 114 had
a length of approximately eleven (11) centimeters when the
leg 70 was in the flexed condition of FIGS. 2, 3 and 6 and
a length of slightly less than Ten (10) centimeters when Lhe
leg was in the extended condition of FIG. 5. By making the
incision 114 with the leg in a flexed condition (FIGS. 2, 3,
and 6) and operating on the leg 70 with the leg in a Rexed
condition, the overall length of the ncision can be reduced
from the length of incisions which have previously been
made in the leg when it is in the extended condition.

It is preferred to bave the incision 114 located adjacent lo
lhe medial edge of the patella 120, in the manner illusirated
schematically in FIG. 6. However, the incision 114 could be
located adjacent to the lateral edge of the patella 120 if
desired. Allernatively, the incision 114 could be disposed
midway belween lateral and medial edges of the patella 120.

Although it is desired to minimize the length of the
incision 114, it is conternplated that the incision may have a
length of approximately twice the lenglh of the patella. It
may be desired to have the incision 114 extend from a
proximal end of the libia in the leg 70 to the epicondylar
noich on the distal end portion of the femur in the leg 70. The
length and location of the incision 114 may vary depending
on the size of the implants 1o be positioned in the knee
portion 76 and the location at which the implants are to be
positioned. It is believed that it may be desired to have the
incision 114 be smaller than the implants even though the
implants must move through the incision. The visoelastic
nature of the body tissue and mobility of the incision 114
enables the implants to be larger than the incision and still
move through the incision.

A straight incision 114 has been illustrated in FIG. 6.
However, the incision 114 could have a different configu-
ration if desired. For example, Lhe ncision 114 could have
an L-shaped configuration. The incision 114 could be
skewed at an acule angle to a longitudinal central axis of the
patella 120, If desired, the incision 114 could have a con-
figuration matching the configuration of either the lateral or
medial edge of the patella 120.

Immediately afier the incision 114 is formed, the leg 70
may be moved from the flexed condilion of FIGS. 2 and 3
io the extended condition of F1G. 5. While the Teg 70 is in
the extended condition, the incision 114 (FIG. 7) is elasti-
cally expanded using suilable retractors. The retractors
apply force against the visoelastic body tissue of the knee
portion 76. The reiractors have a construction similar to that
disclosed in U.S. Pat. No. 5,308,349 Alternatively, a pneu-
matic retraclor, such as is disclosed in U.S. palent applica-
tion Ser. No. 09/526,949 filed on Mar. 16, 2000 by Peter M.
Booutti may be utilized to expand the incision.

After the incision 114 has been elastically expanded, a
patella 120 and tissue on the lateral side of the incision may
be everled in a manner illustrated in FIG. 7. Thus, the patella
120 is moved from the normal orientation of FIG. 6 (o the
everted or flipped orientation of FIG. 7 while the leg 70 of
the patient is in the extended orienlation of FIG. 7. At this
time, the inner side 122 of the paiella 120 is facing cutward
away from other benes in Lhe knee portion 76. The outer side
of the everted patella 120 is facing mward toward other
bones in the knee portion 76. This enables the inner side 122
of the patella 120 to be examined.

In order 10 enable a relatively small incision 114 1o be
used for operating on bones in the knee portion 76 of the leg
70 of the patient, ihe patella 120 is returned back to its
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normal position with the inner side 122 of the patella facing
inward and the outer side of the patella facing outward. As
this occurs, the opening at the incision 114 contracts. The
retractors are then utilized lo apply force against opposite
sides of the incision 114. As this occurs, the visoelastic body
tissue is extended, the opening at the incision 114 is again
expanded, and the patella 120 is pushed to the lateral side of
the knee portion 76. This moves the patella 120 1o a location
offset to one side of the incision 114 in a manner illustrated
in FIG. 8. The leg 70 is then fexed to the orienlation shown
in FIGS. 2 and 3.

If desired, the foregoing siep of inverting the patella 120
may be omitted. The palella 120 may be left in orientations
in which the inner side 122 of the patella faces inward
throughout the operation. If this is done, the inner side 122
of the patella 120 may be inspected by tilting the patella
from ils normal crientalion and/or using viewing devices,
such as an endoscope. Regardless of how the inner side 122
of the patella 120 is inspecied, moving the patella to the
offset position of FIG. 8, with the inner side 122 facing
inward, facilitales utilization of an incision 114 having a
limited length. It is contemplated that many different surgi-
cal procedures could be conducted on the knee portion 76
with the patella 120 in the offset position of FiG. 8.
Femoral Procedure

Expansion of the incision 114 with the known reiractors
exposes a distal end portion 124 (FIG. 8) of a femur 126 in
the upper portion 72 of the leg 70. The incision 114 13
movable relative to the distal end portion 124 of the femur
126 to maximize exposure of the femur through the limited
length of the incision. The femur 126 is then cul to receive
an implant. Although either intramedullary or extramedul-
lary instrumentation can be utilized, intramedullary instru-
mentation is used during cutting of the fermur 126.
Therefore, a drill 128 is utilized to aceess the intramedullary
canal or marrow cavity in the femur 126.

The drill 128 is utilized to form a hole 130 in the center
of the intercondylar netch in the distal end portion 124 of the
femur 126 in a known manner. The drill 128 is used to form
the hole 130 while the leg 70 is in the orientation illustrated
in.FIGS. 2 and 3. The palella 120 is in the offset position
illustrated in FIG. 8. At this lime, the inner side 122 (FIG.
7) of the patella faces toward the femur 126.

An epicondylar reference guide (nol shown) engages the
bole in the distal end portion 124 of the femur 126 to enable
a line parallel to an epicondylar axis peaks of the medial and
lateral condyles to be inscribed oa the distal end portion 124
of the fernur 126. At this time, the leg 70 is in the orientation
illusirated in FIGS. 2, 3, 8 and 9. A shaft 132 (FIGS. 9, 10,
11 and 12) of a femora] alignment guide 134 is then inserted
into the inlermedullary opening 130,

The femoral alignment guide 134 is then aligned with the
epicondylar line which extends parallel to the epicondylar
axis through the peaks of the lateral and medial condyles on
the distal end portion 124 of the femur 126. The femeoral
alignment guide 134 is ulilized to supporl an anterior
resection guide 138 and stylus 140 (FIGS. 10, 11 and 12) on
the distal end portion 124 of the femur 126 in the upper
portion 72 of the leg 70 of the patient. Although only tke
femur 126 is illusiraled in FIGS. 10, 11 and 12, it should be
undersiood that the leg 70 is in the orientation illustrated in
FIGS. 2 and 3. The upper portion 72 of the leg 70 us
supported by the leg support 80.

In accordance with one of the features of the present
invention, the instrumentation is down sized to enable the
size of the incision 114 (FIG. 9) o be minimized. The
downsized instrumentation has a transverse dimension
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which is smaller (han a transverse dimension of an implant
to be placed in the knee portion 76 (FIG. 9). Thus, the
femoral alignment guide 134 and anterior resection guide
138 have transverse dimensions, perpendicular o a longi-
tudinal central axis of the femur 126, which are smaller than
transverse dimensions of a femoral implant 290, tibial
bearing insert 294, and a tibial tray 286 (F1G. 29) in a
direction perpendicular (o the longitudinal central axis of the
fernur 126 (FIG. 9)

The instrumentation extends from a center portion of the
femur 126 toward ope side of the femur (FIG. 11). In the
particular operalion illustrated schematically in FIGS. 7-12,
the incision 114 is offset to the medial side of the patelia 120.
Therefore, ihe instrumenlation is offset o the medial side of
the femur 126. However, if the incision 114 is offset (o the
lateral side of the patella 120, the instrumentalion would be
offsel to the lateral side of the fernur 126. If the incision 114
was centrally disposed relative lo the femur 126, the instru-
mentation would be centrally disposed relative to the femur.
Thus, the instrumentation is in general alignment with the
incision 114 and extends only part way across ihe distal end
portion 124 of (he femur 126.

The femoral alignment guide 134 (FIGS. 10, 11 and 12)
and anterior resection guide 138 have opposite ends which
are spaced apart by distance which is less than a distance
between epicondyles 148 and 150 on (he distal end portion
124 of the femur 126. The distance between opposile ends
154 and 156 of the femoral alignment guide 134 is less than
two thirds (%5) of the distance between tips 144 and 146 of
the laieral and medial epicondyles 148 and 150. Similarly, a
distance between an end 160 and an opposite end 162 of the
anlerior resection guide 138 is less than two thirds (%4) of the
distance between the tips 144 and 146 of the lateral and
medial epicondyles 148 and 150.

The distance between opposite ends of a known femoral
alignment guide and Lhe dislance between opposite ends of
a known anterior resection guide are approximately the same
as or grealer than the distance between the tips 144 and 146
of the lateral and medial condyles 148 and 150. The distance
between opposite ends of the known femoral alignment
guide and the distance between opposile ends of the known
anterior resection guwide are grealer than the (ransverse
dimensions of the femoral and libial implants 286, 290 and
294 (FIG. 29). This known anlerior resection guide and
femoral alignment guide are commercially available from
Howmedica Osteonics of 359 Veterans Boulevard,
Rutherford, N.J. under the designation “Scorpio”
(trademark) Single Axis Total Knee System.

The incision 114 must be large enough to enable (he
femoral aligoment gmde 134 and the anterior resection
guide 138 (o pass through the incision. By reducing the size
of the femoral alignment guide 134 and anterior resection
guide 138, the size of the incision 114 can be reduced. Of
course, reducing the size of the incision 118 reduces damage
to body tissue of the patient 62. The femoral alignment guide
134 and the anterior resection guide 138 may be larger than
the incision 114. This is because the incision 114 can be
resiliently streiched and/or moved relative to the fernur 126
to enable the femoral alignment guide 134 and anterior
resection guide 138 to move through the incision.

The distance between opposite ends 154 and 156 of the
femoral alignment guide 134 is less than the distance which
a femoral implant extends across the disial end porticn 124
of the femur 126. Similarly, the distance between opposite
ends 160 and 162 of (he anterior resection guide 138 is less
than (he distance which the femoral implant extends across
the distal end portion 124 of the femur 126. The femoral
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alignment guide 134 and the anterior resection gnide 138
both extend medially from a center portion of the femur 126.
However, if the incision 114 was offset laterally of ihe
patella 120, the femoral alignment guide 134 and the ante-
rior resection guide 138 would extend laterally from the
center portion of (he femur 126. Similarly, if the incision 114
was centered relative to the patella 120, the femoral align-
ment guide 134 and anterior resection guide 138 would be
centered relative to the femur 126.

Positioning of the femoral alignment guide 134 and
anterior resection guide 138 on the distal end portion 124 of
the femur 126 is facilitated by distracting the knee joint
under the influence of the weight of the lower portion 68 of
the pattent’s leg and the foot 74. Thus, when the femoral
alignmenl guide 134 and anlerior resection guide 138 are
positioned on the distal end portion 124 of the femur 126, the
lower portion 68 of the leg 70 is suspended from (he upper
portion 72 of the leg. At this time, the foot 74 is below the
level of the support surface 64 (FIG. 2) on which the patient
is disposed in a supine orientation. The upper portion 72 of
the patient’s leg 70 is supported above the support surface 64
by the leg support 80 (FIG. 2).

By distractling the knee joint under the influence of the
weight of the lower portian 68 of the leg of the patient, the
distal ead portion 124 of the fernur 126 is exposed through
the relatively small incision 114 (FIG. 9). Exposure of the
distal end portion 124 of the femur 126 al the limiled
incision 114 is promoted by moving the lower portion 68 of
the leg 70 and the incision relative to the femur. In addition,
exposure of the disfal end portion 124 of the femur 126 is
promoted by having the patella 120 offset 1o the laleral side
of ils normal position. The inner side 122 of the patella 120
faces inward toward the distal end portion 124 of the femur
126 so that the skin on the knee portion 76 is not excessively
siretched by everting the patella.

In accordance wilh another feature of the present
invention, the instrumentalion is at least pariially positioned
between the distal end portion 124 of the femur 126 and
body fissue of the knee portion 76 (FIG. 9). To e¢nable the
size of the incision 114 lo be minimized, the instrumentation
is moved laterally of the incision so that a portion of ihe
instrumentation moves between the knee capsule and the
end portion 124 of the femur 126. This results In a poriion
of the instrumentation being exposed at the incision 114 and
a lalerally extending porlion of the insirwmeniation being
concealed by body tissue. For example, the end 154 (FIG.
11) of the femoral alignment guide 134 and/or the end 160
of the anterior resection guide 138 are overlaid by body
ussue adjacent Lo the lateral edge portion of the incision 114.
The body tissue which overlies portions of the instrumen-
tation may include skin, the knee capsule, and connective
and soft tissues.

When the femoral alignment guide 134 and anterior
resection guide 138 are connected with the femur 126,
central axis of the femoral alignment guide and anlerior
reseclion puide are medially offset from the central axis of
the femur. Thus, the central axis of the femur 216 extends
through a lateral portion, that is, left porlion as vicwed in
FIG. 11, of the femoral alignment guide 134. The anterior
resection guide 138 is almost entirely offset to the right (as
viewed in FIG. 11) of the central axis of the femur 126. The
incision 114 is disposed along a medial edge, that is, a night
edge as viewed in FIG. 6, of the patella 120 when the palella
is in its normal or initial position.

By having both the incision 114 and the insirumenlation
medially offsct relative 1o the femur 126, the ceniral portion
of the instrumentation is exposed at the incision. Thus, the
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medial edge of the incision overlaps the medial end 156 of
the femoral alignment guide 134 and the medial end 162 of
the anterior resection guide 138. Similarly, the lateral edge
of the incision 114 overlaps the lateral end 154 of the
femoral alignment guide 134 and the lateral end 160 of the
anterior resection guide 138.

In view of the foregoing, it can be seen that the leg 70
(FIG. 3} of the patient 62 (FIG. 2) is maintained in the
position illustrated in FIGS. 2 and 3 with the foot 74 of the
patient below the support surface 64 upon which the patient
is supporied in a supine position during forming of the
incision 114 in the knee poriion 76 of the leg 70. The upper
portion 72 of ihe patient’s leg 70 is supported above the
support surface 64 by the leg support 80 (FIG. 2). In
addition, the leg of the patient is maintained in the position
illustrated in FIGS. 2 and 3 during connection of the femoral
alignment guide 134 and anterior resection guide 138 with
the distal end portion 124 of the femur 126.

Once the femoral alignment guide 134 and anterior resec-
tion guide 138 have been mounted on Lhe distal end portion
124 of (he femur 126, an anterior cut is made in the manner
illustrated in FIG. 13. During the anterior cut, a blade 170 of
a saw 172 is wlilized to make a cut across anterior portions
of the lateral and medial condyles. The saw blade 170 is
moved along guide surface 178 (FIGS. 11 and 12) on the
anterior resection guide 138.

The guide surface 178 extends only part way across of the
end portion 124 of the femur 126 (FIGS. 11 and 13). The
guide surface 178 does not extend across the lateral portion
of the end portion 124 of the femur 126. This 2t least
partially results from the fact that the incision 114 (FIG. 6)
is offset in a medial direction from the center of the kaes
portion 76. The incision 114 extends along the medial edge
portion of the patella 120 when the patella is in ils normal,
that is, initial, position. In addition, the large majority of the
anterior resection guide 138 extends medially from the
central axis of the shaft 132 of the femoral alignment guide
134 (FIG. 11). By having the anteror resection guide
disposed in an overlymg relationship with the medial porlion
of 1be end portion 124 of the femur 126 (FIGS. 11 and 13),
the size of the incision 114 can be reduced.

When anterior portions of the lateral and medial condyles
148 and 150 (FIGS. 10, 11 and 12) on the distal end portion
124 of the femur 126 are Lo be cul with the saw 172, the
blade 170 is pivoted sideways (FIG. 13) so thal the cutting
end of the blade has an arcuate component of movement
The cuiting end of the blade 170 will move along a straight
path during parl of the movement of the blade along the
guide surface 178. However, when the blade 170 reaches the
ends of the guide surface 178, the saw 172 is pivoted to pivol
the blade and move (he cutting end of the blade along a path
having an arcuate configuration. This results in a generally
fan shaped cut which extends only parl way across the
anterior side of the lateral and medial condyles on (he end
portion 124 of the femur.

The saw blade may have teeth along opposile longitudi-
nally extending edges. The saw blade 170 and saw 172 are
of the oscillating type. However, a reciprocating type saw
and blade may be utilized if desired.

Due to the limited length of the anierior resection guide
138, the saw blade 170 is moved along the guide surface 178
to only partially complete the anierior skim cut on the end
portion 124 of the femur 126. The guide surface 178 is offset
1o 1he medial side of the ceniral axis of femur 126 (FIG. 11).
Therefore, the saw blade can only partially formn the laleral
portion of the anterior skim cul while the saw blade engages
the guide surface 178. The anterior resection guide 138 is
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then disconnected from the femoral alignment guide 134
(FIGS. 14 and 15) and the anterior femur cut is completed.

During completion of the anterior femur (skim) cut,
previously cut surfaces on the end portion 124 of the femur
126 are used to guide the saw blade 170 (FIG. 13). Thus, an
initial portion of the anterior skim eut is made on the distal
end portion 124 of the femur 126 while the saw blade 170
is moved along one or more guide surfaces on the anterior
resection guide 138. Afler the anterior resection guide 138
has been disconnected from the femoral alignment guide
134, the saw blade 170 is posilioned in engagerent with the
cut surfaces on the distal end portion 124 of the femur 126.
This is accomplished by inserting the saw blade 170 inio a
slot or saw kerf formed in the distal end porlion 124 of the
femur during the inilial portion of the anterior skim cul.

The saw blade 170 is then moved along ihe previously cul
surfaces on the distal end portion of the femur 126 to guide
the saw blade during completion of the anterior skim cut.
Utilizing cut surfaces formed during an initial portion of the
antertor skim cut (o guide the saw blade 170 enables the size
of the anterior reseclion guide 138 to be minimized.
Although the illustrated saw blade 170 has leeth 180 al only
one end, the saw blade could also have teeth along opposile
longitudinally extending edges.

By utilizing the anterior resection guide 138 1o guide
movement of the saw blade 170 during only anm initial
portion of forming the anterior skim cut on the distal end
portion 124 of the femur 126, the overall lengih of the
anterior resection guide, thal is, the distance between the
ends 160 and 162 (FIG. 11) of the anterior resection guide
can be limited 1o a distance which is less than the distance
between the epicondyles 148 and 150. Specifically, the
distance betweep the ends 160 and 162 of the anterior
resection guide 138 is less than two (hirds (34%) of the distance
between the tips 144 and 146 of lateral and medial epi-
condyles 148 and 150 on the distal end portion 124 of the
femur 126. By limiting the length of the anterior resection
suide 138, the size of the incision 114 can be minimized.

It is conlemplated that the initial portion of the anterior
skim cut could be made with a first culting tool and the
anterior skim cul completed with a second cutting tool. The
initial portion of the anterior skim cut may be made with
relatively small oscillating saw blade. The final portion of
the anterior skim cut may be made with a larger reciprocat-
ing saw blade. Allernatively, a small milling cutter could be
used to make the initial portion of the anterior skim cut. The
final portion of the skim cui could be made with a relatively
long milling cutter or saw blade. It may be desired to make
the initial portion of the anterior skim cut with a chisel and
to complele (he anterior skim cul with either a saw blade or
a mulling cuiter.

The illustrated anterior resection guide 138 has a slot
which forms the guide surface 178. This results in the saw
blade 170 being caplured so that the saw blade is restrained
against both up and down movement (as viewed in FIG. 11)
relative to the anterior resection guide 138. However, in
order to reduce the size of the anterior resection guide 138,
the slot could be eliminated and the saw blade 170 moved
along a flat outer side of the anterior resection guide.

During making of the anterior skim cul, with and without
the anterior resection guide 138, body tissue (FIG. 9)
overlies at least portions of the lateral and medial condyles
being cut. This is due to the relatively short extent of the
incision 114. Thus, the saw blade 170 and the portion of the
fermur 126 being cut by the saw blade are both at leasl
partially enclosed by body tissue overlying the femur during
making of the anterior skim cut. During making of the
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anterior skim cut, the inciston 114 is moved relative 10 the
femur 126 (o provide clearance for the saw blade.

Afler the anterior portion of (he lateral and medial epi-
condyles have been cut away and the anterior resection
guide 138 removed, a flat anterior cut surface 182 (FIGS. 14
and 15) is disposed on the distal end porlion 124 of the femur
126. The anterior skim cuf is made on the disia] end portion
124 of the fernur 126 with the patella 120 offset to one side
of the incision 118 (FIG. 14). The inner side of the patella
120 faces toward the distal end portion 124 of the femur 126
when the patella is in the offset position of FIGS. 9 and 14.

The flat anterjor cut surface 182 (FIG. 15) extends parallel
to the epicondylar axis. The maximum width of the anierior
cut surface 182, as measured parallel to the epicondylar axis,
is grealer thap the distance between opposile ends 154 and
156 (FIG. 11) of the femoral alipnment guide 134. Similarly,
the maximum width of the anterior cut surface 182 (FIG.
15), as measured parallel to the epicondylar axis, is greater
than the distance between opposite ends 160 and 162 (FIG.
11) of the anterior resection guide 138. The anterior cut
surface 182 is al least parlially covered by body tissue which
encloses the distal end portion of the femur 126 (FIG. 14).

During making of the anterior skim cut, the patient 62
(FIG. 2) is supporied in a supine posilion on the support
surface 64. The upper portion 72 of the leg 70 is disposed
above (he support swiface on the leg support 80. The lower
portion 68 of the leg 70 extends downward from the support
surface 64. The fool 74 (FIG. 3) of the patient is disposed
below the support surface.

Throughout the making of the anterior skim cut and the
formation of the Aat anterior cut surface 182 (FIGS. 14 and
15) on the distal end portion 124 of the femur 126, the lower
portion 68 of the leg 70 is suspended from the upper portion
72 of the leg in the manner illustrated in FIG. 3. This results
in the knee portion 76 of the leg 70 being disiracted by the
combined weight of the lower portion 68 of the leg and the
fooi 74. At Lhis Lime, the lower portion 68 of the leg 70
dangles from the upper portion 72 of the leg. If desired, a
holder could be provided to engage either the fool 74 and/or
the lower portion 68 of the leg 70 to maintain the foat 74 and
lower portion 68 of the leg in a desired position relative 1o
the support surface 64.

Once the anlerior skim cut has been compleied, a distal
resection guide 186 is positioned relative to the flat anterior
skim cut swrface 182 (FIG. 16). To position the distal
resection guide 186 relative to the cut surface 182, a
resection guide stand 190 is mounted on the femoral align-
ment guide 134 in the manner llustrated in FIG. 16. The
distal resection guide 186 is connecled wilh the resection
guide stand 190 by rolating a locking knob 192. The distal
resection guide 186 and resection guide stand 19 may be
magnetized to assure correct assembly. Since the femoral
alignment guide 134 is medially offsel relative 10 the distal
end portion 124 of the femur 126, the distal resection guide
186 is also medially offset relative Lo the distal end porlion
of the femur.

When the distal resection guide 186 is to be connecled
with the resection gnide stand 190, the distal resection guide
is moved between the anterior skim cut surface 182 and
body tissue overlying the anterior skim cut surface (FIG.
14). Thus, due 1o the limited extenl of the incisicn 114, skin
and other body tissues are disposed over the anterior skim
cut surface 182. The distal resection guide 186 slides
between the anterior skim cut surface 182 and the body
lissue overlying the anierior skim cul surface. A lower (as
viewed in FIGS 16, 17 and 18) major side of the dislal
reseclion guide 186 engages the anlerior skim cut surface
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182. The opposile or upper (as viewed in FIGS. 16, 17 and
18) major side of the distal resection guide 186 is engaged
by the body tissue overlying the anterior skim cut surface
182 (FIG. 14). The surgeon moves the incision 114 and/or
the lower portion 68 of the leg 70 relative to the distal end
portion of the femur 126 to facilitate movement of the distal
resection guide 186 onto the anterior skim cul surface 182.

Once the distal resection guide 186 has been posilioned in
the desired location on the flal anlerior cut surface 182, the
distal resection guide 186 is secured in place with pins 196
and 198 (FIG. 16). At this time, body tissue overlies the
portion of the distal resection guide 186 spaced from the
distal end of the femur. The distal rescction guide 186 is
medially offset from a central portion of the fernur 126 and
is aligned with the incision 114. The incision 114 (FIG. 14)
is moved relative to the distal end portion 124 of the femur
216 to enable the pins 196 and 198 to be forced into the
distal end portion of the fernur.

The femoral alignment guide 134 and resection guide
stand 190 are then separaled from the distal end portion 124
of the femur 126 (FIGS. 17 und 18). As this is done, the
resection guide stand 190 {(FIG. 16) is separaled from the
distal resection guide 186. Separation of the resection guide
stand 190 from the distal resection guide 186 is accom-
plished by rotating the knob 192 and moving the resection
guide stand 190 upward (as viewed in FIG. 16) 1o disconnect
the guide stand 190 from the femoral alignment guide 134.
The intramedullary rod 132 and femoral alignment guide
134 are then removed from the femur 126. The distance
between opposite ends 206 and 208 of the dislal resection
guide 186 is less than two thirds (33) of the distance between
tips 144 and 146 (FIG. 11) of the lateral and medial
epicondyles 148 and 150.

The distal resection guide 186, like the anterior resection
guide 138, is down sized (o enable the distal reseclion guide
to meve into the knee portion 76 of the patient’s leg 70
through a relatively small incision 114. To ¢nable the distal
reseclion puide 186 to move into the incision through a
relalively small incision 114, opposite ends 206 and 208
(FIG. 16) of the distal resection guide 186 are spaced apart
by a distance which is less than the distance between ihe
lateral and medial epicondyles 148 and 150 (FIG. 11) on the
distal end portion 124 of the femur 126. The distance
belween opposile ends 206 and 208 of the distal resection
guide 186 is less than the distance which a femoral implant
extends across the distal end porlion 124 of (he femur 126.

The distal resection guide 186 is offset medially relative
1o the distal end portion 124 of the fermur 126. The incision
114 is also medially offsel relative 1o the distal end portion
124 of the femur 126. This results in the central portion of
the gnide surface 202 being exposed through the incision
114. The lateral and medial edges of the incision 114 overlap
opposite ends 206 and 208 of the distal resection guide 186.
The incision 114 also overlaps the anterior side, that is, the
upper side as viewed in FIG. 16, of the distal resection guide.
During cutting with the saw blade 170 (FIGS. 17 and 18),
the incision 114 is elastically expanded with suitable retrac-
tors.

During making of the distal femoral cut, the saw blade
170 moves along the guide surface 202 (FIG 17) on the
distal resection guide 186. The guide surface 202 on the
down sized distal resection gnide 186 has a lengih which is
less than a transverse dimension of a cut to be made in the
distal end portion 124 of the femur 126. The saw 172 may
be pivoted, in a manner illustrated schematically in FIG. 13,
adjacent to opposite ends of the guide surface 202. This
moves the cutting end of the saw blade 170 zlong an arcuate
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path to form a generally fan shaped distal femoral cut. The
saw 172 may be cither a reciprocating or oscillating saw.

Due to the reduced size of the distal resection guide 186,
the saw blade 170 (FIGS. 17 and 18) is ineffective to
complete the distal femoral cut while (he saw blade is in
engagement with the guide surface 202 (FIGS. 16 and 17).
Therefore, after an initial portion of the distal cut has been
made by moving the saw blade 170 along the guide surface
202, the dislal resection guide 186 1s disconnected from the
distal end portion 124 of the femur 126 and the distal
femoral cut is completed.

During completion of the distal femoral cui, surfaces
formed during the initial portion of the distal femoral cut are
effective 10 guide the saw blade 170. The saw blade 170
(FIGS. 17 and 18) is moved into the saw kerf or slot formed
during the initial portion of the distal feroral cut. As the saw
blade 170 extends the initial portion of the distal femoral cut,
the saw blade slides along cul surfaces formed during the
initial portion of the distal femoral cut. Thus, cut surfaces
formed during movemeni of the saw blade 170 along the
guide surface 202 are utilized to guide movemenl of the saw
blade during completion of the distal femoral cut.

The imtial portion of the distal femoral cui may be made
with a first cutting too] and the final portion of the distal
femoral cut may be made with a second cutting too. For
example, the initial portion of the distal femoral cut may be
made with a relatively smalt oscillating saw blade which can
be readily inserted through the incision 114 into engagement
with the distal resection guide 186. The final portion of the
distal femoral cut may be made with a larger saw blade
which may be of the reciprocating type. It is centemplaled
that the initial and/or final portion of the distal femoral cut
may be made with a milling culter. It is also contemplated
that a chisel may be used to make the initial and/or final
portion af the distal femoral cut.

When the distal fernoral cul is completed, a flat distal end
surface 209 extends across the distal end of the femur 126
(FIG. 17). The distal end surface 209 exiends perpendicular
to the anterior cut surface 182. The maximum width of the
distal end surface 209, as measured parallel to the anterior
cur surface 182 and epicondylar axis, is greater than the
disiance between opposite ends 206 and 208 of the distal
resection guide 186. The trochlear greove of the femur
extends through the distal end surface 209.

The distal femoral cut is formed with the patella 120 (F1G.
14) offset (o one side of the incision 114 and with the inner
side 122 of the patella facing toward the distal end portion
124 of the ferur 126. In additicn, the leg 70 of the patient
1s in the arientation illustrated in FIGS. 2 and 3 with the foot
74 and lower portion 68 of the leg suspended from the upper
porticn 72 of the leg. The wpper porlion 72 of the leg is
supported above the support surface 64 by the leg support
80.

A femoral cutting guide 210 (FIGS. 19 and 20) is then
positioned on the distal end portion 124 of the fernur 126 and
utilized 10 make fernoral antericr, posterior and chamfer cuts
in a known manoner. The femoral cutting guide 210 is
connected with the distal end portion 124 of the femur 126
by two pins (not shown) in a known manner. The femoral
cuting guide 210 is down sized so that it has opposite ends
which are spaced apart by distance which is less than a
distance between the lateral and medial epicondyles 148 and
150 (FIG. 11) on the distal end portion 124 of the fernur 126,
The femoral culling guide 210 is offset in a medial direction
from the center of the femur 126 (FIG. 20). The medially
offset position of the femoral cutting puide 210 is the result
of the medially offsct position of the incision 114 (FIG. 6).
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The initial portion of the femoral anterior, posterior and
chamfer cuis are made by moving the saw blade 170 or other
cutting tool along guide surfaces on the fermoral cuiting
guide. Due to the relatively small size of the femoral cutting
guide, the culs cannol be completed while moving the saw
blade 170 or other cutting tool along gnide surfaces on the
femoral culting guide. Therefore, the femoral cutting guide
210 is separated from the dislal end portion 124 of the femur
126 and the culs ate completed while guiding movement of
ihe saw blade 170 or other culting tool with cut surfaces
formed during the making of the initial portiens of the
femoral anterior, posterior and chamfer cuts. When the
femnoral anterior, posterior and chamfer cuts are compleled,
the distal end portion 124 of the femur 126 will have the
known configuration illustrated in FIGS. 22 and 23.

The femoral cutiing guide 210 (FIGS. 19 and 20) may
have the same construclion as a femaral cutling gnide which
is commercially available from Howmedica Osieenics of
350 Veterans Boulevard, Rutherford, N.J. The femoral cut-
ling guide may have the construction disclosed in U.S. Pal.
Nos. 5,282,803 or 5,749,876. However, il is preferred to
down size the known femoral cufling guides to have a
distance between opposite ends which is less than two (hirds
(%) of the distance between tips 144 and 146 (FIG. 11) of
medial and lateral condyles 148 and 150 on (he distal end
portion 124 of the femur 126. This enables the femoral
cutting guide 210 to move through the incision 114.

Since the femoral cutting guide 210 is down sized, initial
portions of the femaral anterior, posterior and chamfer cuts
are made while puiding a saw blade or other cutting lool
with the femoral culting gnide. These culs are subsequently
completed utilizing previously cut surfaces to guide the saw
blade 170. To complete a cut in this manner, the saw blade
170 or other cutting tool is moved along the previously cut
surfaces to guide the saw blade as the culs are extended.

During the making of the initial portions of the anterior,
posterior and chamfer cuts with the femoral cutting guide
210 and the subsequent completion of the culs withoult the
femoral cutting guide, the knee portion 76 of the leg 70 of
the patient is distracted by the weight of the lower pariion 68
apd foot 74 of the leg. Thus, the lower portion 68 and ool
74 of the leg 70 are suspended from Lhe upper portion 72 of
the leg in a manner illustrated in FIGS. 2 and 3 during the
making of the femoral anlerioz, posterior and chamfer resec-
tions. The upper portion 72 of the patienl’s leg 70 is
supported above the support surface 64 by the leg support 80
(FIG. 2).

By distracting the knee jeint during the making of the
femoral anterior, posterior and chamfer cuis, access to the
distal end portion 124 of the femur 126 is promoted and the
making of the culs is facilitated. Access to the distal end
portion 124 of the femur 126 is also promoted by moving the
suspended lower portion 68 of the leg 70 relative o the distal
end portion of the femur. The incision 114 may be moved
relalive to the distal end portion 124 of the femur 126 by
applying force 1o body tissue adjacent to the incision.
Tibial Procedure

Since the knee portion 76 of the leg 70 is distracted, a
proximal end portion 212 (FIG. 21) of a tibia 214 is
separated from the distal end portion 124 of the femur 126.
The foot 74 (FIG. 3) may be moved posteriorly Lo hyperflex
the knee portion 76. This facilitates viewing of the proximal
end portion 212 of the tibia 214 through the relatively small
incision 114,

When the knee portion 76 (FIG. 2) is hyperflexed, the
angle between the upper portion 72 and the lower portion 68
of the patient’s leg 70 is less than ninety (90) degrecs. At this
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time, the foot 74 is disposed posteriorly of the position
illustrated in FIG. 2. This resulls in the proximal end porticn
212 (FIG. 21) of the tibia 214 being moved anterorly
relative to the dislal end portion 124 of the femwr 126. The
distal end portion 212 of the tibia 214 can then be viewed
through limited incision 114. Even though the incision 114
has a relatively short length, it is possible o move the
incision relative to the proximal end portion 212 of the tibia
214. Therefore, the entire or al least almost the entire,
proximal end surface of the tibia 214 can be viewed through
the incision 214.

I is contemplated that an external tibial alipnment guide
(oot shown) will be utilized to align a tibial resection guide
218 (FIG. 21) with the proximal end portion 212 of 1he tibia
214. The tibial alignment guide has a known construction
and may be the same as is commercially available from
Howmedica Osteonics of 359 Velerans Boulevard,
Rutherford, N.J. Alternatively, the tibial alignment guide
may have the construction disclosed in U.S. Pat. Nos.
5,578,039; or 5,282,803,

Once the tibial resection guide 218 (FIG. 21) has been
aligned with and secured (o the proximal end portion 212 of
the tibia 214, the exlernal tibial alignment guide (not shown)
is disconnected from the tibial resection guide 218. The
tibial resection guide 218 is secured to the proximal end
portion 212 of the tibia 214 by suitable pins.

In accordance with one of the features of the present
invention, the (ibial resection guide 218 is relatively small so
that it can be moved through a relatively small incision 114
into engagement with the proximal end portion 212 of the
tibia 214. To facilitate moving of the tibial reseclion gurde
218 through a relatively small incision 114, the tibial resec-
tion guide 218 is smaller than implants 286 (FIG. 27) and
294 (FIG. 28) to be positioned on the proximal end portion
212 of the tibia 234. The libial reseclion guide 218 has a
distance between opposite ends 228 and 230 (FIG. 21)
which is less than two thirds (%5) of the distance between lips
of lateral and medial epicondyles on the tibia 214, Similarly,
the distance between the ends 228 and 230 of the tibial
resection guide 218 is less than two thirds (24) of the distance
between Lips 144 and 146 (FIG. 11) of ibe lateral and medial
condyles 148 and 150 on the femur 126.

During positioning of the external tibial alignment guide
and the tibial resection guide 218 (FIG. 21) relative lo the
tibia 214 in the leg 70 of the patient, the leg 70 is supported
in the mamner illustrated in FIGS, 2 and 3. Thus, the upper
portion 72 (FIG. 2) of (he leg 70 is supported above the
support surface 64 by the leg support 80. The lower portion
68 of the leg 70 is suspended from ihe upper portion 72 of
the leg. The fool 74 (FIG. 3) connecled with the lower
portion 68 of the leg 70 is disposed below to suppoert surface
64 (FIG. 2).

During positioning of the tibial resection guide 218 on the
proximal end portion 212 of the tibia 214, the tibial resection
guide is moved between the proximal end portion of the tibia
and body tissue overlying the proximal end portion of the
tibia. The tibial resection guide 218 is positioned relative o
the proximal end portion 212 of the tibia 214 while the
incision 114 is resiliently expanded. The incision 114 is
expanded by applying force agaiost opposite sides of the
incision with suilable retractors. The retractors may have a
consiruction similar to the construction disclosed in U.S.
Pat. No, 5,308,349. Alternatively, a poeumatic tetracior,
such as 1s disclosed in U.S. patent application Ser. No.
09/526,949 filed Mar. 16, 2000 by Peler M. Bonutti may be
used 1o expand the incision 114.

The tibial rescction guide 218 is slid inferiorly, that is,
downward (as viewed in FIG. 21) between the proximal end
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portion 212 of the tibja 214 and body tissue adjacent Lo the
proximal end of the tibia. The tibial resection guide 218 is
then connected to (he praximal end portion 212 of the tibia
214 with suitable pins. Once the resection guide 218 has
becn connected with the tibia 214, the force applied against
opposile sides of the incision 114 by retractors is inlerruptled
and the incision contracts. As this occurs, the body tissue
moves over Lhe lower (as viewed in FIG. 21) portion of the
tibial resection guide 218 io further enclose the (ibial resec-
tion guide.

The tibial reseclion guide 218 is medially offset relative to
the proximal end portion 212 of the tibia 214. This is
because the incision 114 is medially offsel relative to the
proximal end portion 212 of the (ibia 214. The incision 114
extends from the proximal end portion 212 of the tibia 214
to the superior portion of the trochlear groove in the distal
end portion 124 of the femur 126. As was previously
mentioned, the incision 114 and Lhe instrumentation may be
laterally offset relative to the ferur 126 and the tibia 214
Once the tibial resection guide 218 (FIG. 21) has been
mounted on a proximal end pertion 212 of the tibia 214, a
proximal tibial cut is made, The proximal tibial cut is made
by moving the blade 170 of the saw 172 along a guide
surface 242 on the tibial resection guide 218 (FIG. 21).
When the saw blade reaches an end portion of the tibial
guide surface 242, the saw 172 is pivoled lo move the saw
blade 170 in the manner illustrated schematically in F1G. 16
This pivotal movement results in the cutting end portion of
the saw blade 170 having an arcuate componeni of move-
ment This resulls in a generally fan shaped cul being formed
in the proximal end portion 212 of the tibia 214.

Due Lo the reduced size of the tibial resection guide 218
to facilitate movement of the tibial resection guide through
the incision 114, the saw 172 can only form an inilial portion
of the proximal tibial cut as the saw blade 170 moves along
the guide surface 242 of the tibial resection puide 218. To
complete the proximal tibial resection cul, the libial resec-
tion guide 218 is disconnected from the tibia 214,

Once the tibial resection guide 218 bas been separated
from the tibia 214, (he saw blade 170 is inserled into the slit
or kerf made by the saw blade during the initial portion of
the proximal tibial cut. The cut surfaces which were formed
during an initial portion of making the proximal tibial cut on
the tibia 214 are then used lo guide the saw blade 170 during
comypletion of the proximal tibial cul. Thus, the saw blade
170 is moved along surfaces formed during the maldng of
the inilial portion of the proximal tibial cut 1o guide move-
ment of the saw blade during completion of the proximal
tibial cut.

It is contemplated that different cutting tools may be
utilized to make the initial and final portions of the proximal
tibial cut. Thus, the saw blade 170 used to make the initial
portion of the tibial cul may be a relatively small oscillating
blade and the saw blade used 1o make the final portion of the
tibial cut may be a relatively long reciprocaling blade.
Alternatively, the initial and/or final portion of the tibial cut
may be made with a milling cutier. If desired, a chisel could
be utilized 1o make the initial portion of the tibial cut. The
incision 114 may be expanded with suitable retractors during
making of the tibial cut. The retractors may kave any desired
construction, including the censtructien disclosed in U.S.
Pat. No. 5,308,349. Ligaments and other body tissue adja-
cent Lo the proximal end portion 212 of the tibia 214 may be
slelded with suitable surgical instruments during making of
the tibial cut.

Upon completion of the proximal tibial cut on the proxi-
mal end portion 212 of the tibia 214, a flat proximal tibia cut
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surface 246 (FIG. 22) is exposed on the proximal end
portion 212 of the tibia 214 through the incision 114. The flat
cut surface 246 has a maximum width, as measured along an
axis extending paralle] o an axis extending through ceniral
axes of the collateral ligaments, which is greater than the
distance between opposite ends 228 and 230 of the tibial
resection guide 218. The distal end portion 124 of the femur
126 i also exposed (hrough the incision 118.

In order to increase exposure of the proximal end portion
212 of the tibia 214 at the incision 218, the foot 74 and lower
portion 68 of the leg 70 (FIG. 24) are moved posteriorly
toward the operating lable 66 (FIG. 2) to hyperflex the knee
portion 76 of (he patient’s leg 70 during the making of the
proximal tibial cut. When (he knee portion 76 of the leg 70
is hyperflexed, the ankle 86 is moved from a position either
extending (hrough or anterior of a vertical plane extending
perpendicular to a longitudinal central axis of the upper
portion 72 of the patient’s leg 70 to a posilion disposed
posteriorly of the vertical plane. Thus, as viewed in FIGS. 2
and 24, the ankle 86 is moved foward the left. As this occurs,
an angle between a longitudinal central axis of the upper
portion 72 of the patient’s leg and the longitudinal central
axis of the lower portion 68 of the patient’s leg is decreased
to an angle of less than ninety degrees.

Hyperflexing the palient’s leg 70 moves the proximal end
portion 212 (FIGS. 22 and 23) of the tibia 214 anteriorly
away from the distal end portion 124 of the fermur 126. At
this time, the kaee portion 76 of the patient’s leg is distracted
under the influence of the weight of the lower portion 68 of
the patient’s leg and the foot 74 connecied with the lower
portion of the patient’s leg. If desired, a force pulling the
lower portion of the patient’s leg downward (as viewed in
FIG. 3) may be applied to the patient’s leg to further increase
the distraction of the knee portion 76 of the leg and the
extent of exposure of the proximal end portion 212 of the
libia 214,

By hyperflexing the knee portion 76 of the patient’s leg 70
and applying a downward (as viewed in FIG. 3) force
againsi the lower portion 68 of the patient’s leg, the proxi-
mal end portion 212 of he tibia 214 is delivered anteriorly
thal is, loward (he surgeon 106 (FIG. 24). Application of a
downward force against the lower portion 68 of the patient’s
leg is effeclive to open the space between the proximal end
portion 212 of the tibia 214 and (he distal end portion 124
of the femur 126 to the maximum exlent permitted by the
tendons and ligamenis, hat is, fibrous conneclive tissue,
interconnecting the femur and tibia.

This enables the posterior cruciate ligameni 250 (FIG. 23)
to be checked. In addition, access is provided lo the posterier
side of the knee portion 76 of the leg 70. The surgeon 106
(F1G. 24) can manually feel the posterior portion of 1he knee
joint. There is sufficient space between the distal end portion
124 of the fermur 126 and the proximal end portion 212 of
the tibia 214 to enable the surgeon 106 (o visually and
tactilely check the posterior of the knee poriion 76 of the
patient’s leg 70.

Access to the posterior porlion of the knee enables
osteophbyles, bone spurs and similar types of posterior soft
tissue 1o be removed. This enables tissue which could block
further flexion of the knee portion 76 to be removed. In
addition, it is possible 1o check Lhe collateral ligaments and
other fibrous connective tissue associated with (he knee.

At this titne, the lower portion 68 of the leg 70 (FIGS. 23
and 24) is suspended from the upper portion 72 of the leg.
Therefore, the lower portion 68 of the leg 70 hangs from the
upper partion 72. The foot 74 may be supported on the
surgeon’s knee 252 (FIG. 24). The foot 74 is free to move



Case 1:12-cv-01110-GMS Document 1-1 Filed 09/10/12 Page 39 of 39 PagelD #: 46

US 6,702,821 B2

25
in any direction relative 1o the knee portion 76. By raising
or lowering his or ber knee 252, the surgeon 106 can move
the tibia 214 relative to the femur 126 and vary the space
between the distal end of the femur and the preximal end of
ihe tibia.

By varying force indicated by arrows 256 (FIG. 25), the
verlical extent of space between the proximal end portion
212 of the tibia 214 and the distal end porlion 124 of the
femur 126 (FIGS. 22 and 23) can be either increased or
decreased. The force 256 is varied by raising and lowering
the surgeon’s knee 252. Increasing the space between the
proximal end portion 212 of the tibia 214 and the distal end
portion 124 the fernur 126 maximizes access (o the posterior
of the koee portion 76.

By moving the lower porticn 68 of the leg 70 upward, the
ligaments and other connective tissne between the (ibia 214
and femur 126 are relaxed. This enables the lower portion 68
of the leg 70 to be rotated about its longitudinal central axis,
in a manner indicated by arrows 258 in FIG. 25. Rotational
movemenl of the lower portion 68 of the leg 70 about its
central axis enables the surgeon lo check the collateral
ligaments and the resistance encouniered to rotation of the
lower porlion 68 of the leg relative to the upper poction 72.

In addition, the foot 74 can be pivoted in a clockwise
direction (as viewed in FIG. 25) about the knee portion 76,
in the manner indicated by arrow 259 in F1G. 25, (o increase
the extent of flexion of the knee portion 76 Alternatively, the
foot 74 can be pivoled in a counterclockwise direction about
the knee portion 76 to decrease the extent of flexion of the
leg 70.

The lower portion 68 of the leg 70 can also be moved
sidewise, In the manner indicated by the arrow 260 in FIG.
25. When the lower portion 68 of the leg 70 is moved in the
manner indicaled by the arrow 260, the lower portion of the
leg is moved along a path extending through lateral and
medial surfaces of the foot 74 and the lower portion 68 of (he
leg 70. This enables the ligaments and other fibrous con-
nective tissue in the leg to be checked for a range of
movement. Although the incision 114 has not been shown in
FIG. 25, it should be understood that the lower portion 68 of
lhe leg 70 can be moved in the directions indicated by Lhe
arrows in FIG. 25 when the kaee porlion 76 is in the
condition illustrated in FIGS. 22 and 23.

The illustrated instrumentation is formed of a metal which
enables the instrumentalion to be sterilized and reused. For
example, the instrumentation could be formed of stainless
steel. However, known metfal instruments are relatively
heavy and bulky. This substantially increases lransportation
expense.

It is contemplated Lhat it may be desired lo use the
instrumentation once and then dispose of the instrumenta-
tion If this is done, the instrumenlation may be partially or
entirely formed of relatively inexpensive polymeric materi-
als. Thus, the femoral resection guide 134, anlerior resection
guide 138, distal resection guide 186, femoral cutting guide
210, and/or tibial rescction guide 218 could be formed of
inexpensive polymeric materials. 1f this was done, the
guides could be used once and disposed of withoul being
sterilized. In addition, the polymeric guides would weigh
substantially less than metal guides.

Implants

After the distal end portion 124 of the femur 126 has been
prepared and the proximal end portion 212 of the tibia 214
is prepared 1o teceive implants (FIGS. 22 and 23) and prior
to insertion of the implanls, any necessary work on the
patella 120 may be undertaken. During work on the patella,
the leg 70 of the patient may be exiended and the patella 120

20

30

35

40

45

30

55

60

65

26

is everted or flipped 1o the position illustrated in FIG. 7. The
inner side or articular surface 122 of the patella 120 faces
outward and is exposed. Known surgical techniques are then
utilized {o cul the patella 120 and position an implant oo the
patella in a known manner. This may be accomplished
utilizing any one of many known devices and procedures,
such as the devices and procedures disclosed in U.S. Pal
Nos. 4,565,192; 5,520,692, 5,667,512; 5,716,360; and/or
6,159,246 If desired any necessary work on the patella 120
may be undertaken after the femoral and tibial implants have
been installed.

Once the femoral and tibial cuis have been made and the
patella repaired, femocral and tibial implanis are installed in
the knee portion of the leg 70. Prior to permanenily mount-
ing of the implants in fhe knee portion 76 of the leg 70, trials
are conducted, in a known manner, with provisional femoral
and tibial implants. The provisional femoral and tibial
implants are releasably positioned relative to the distal end
portion 124 of the femur 126 and the proximal end portion
212 of the tibia 214.

The provisional implants are intended (o aid the surgeon
106 in assessment of the funciion and balance of the various
ligamenis. The irials enable the surgeon 106 to observe the
relationship of the provisional femoral and tibial implants
relative 1o each other during flexion and extension of the
knee portion 76 of the leg 70. The lower portion 68 of the
leg 70 is suspended from the upper portion 72 of the leg
(FIGS. 2 and 3) during the trials with the provisional
implants. Therefore, the lower portion of the leg 68 can be
freely moved relative lo the upper portion of the leg 1o check
ligarnent balancing with the provisional implants. Since the
lower portion of the lep 68 is suspended, it is possible 1o
check for flexion and extension balancing of the lipaments
and 1o check for rotational slability and rotational balancing
of the ligaments during the trials with provisional implants.
The lower portion 68 of the leg 70 can be moved with a
combination of flexion or extension, rotation and sidewise
movement.

The trials also enable the surgeon to check the manner in
which the provisional implants interact with each other
during flexion, extension, rolation, and sidewise movement.
The manner io which the provisional femoral and tibial
implaals move relative 1o each other during combined
bending and rolational movement of a patient’s leg 70
enables a surgeon to check for the occurrence of excessive
space or olher undesirable situations between the provisional
implants. During trials with provisional implants, the range
of motion of the knee joint can be checked in both flexion/
extension and rolation.

Utilizing known surgical techniques, il is very difficult, if
not impossible, Lo check for both HAexion/extension
balancing, rotational balancing, and sidewise balancing dur-
ing trials with provisional {mplants. With rotational
balancing, the ligamenis are balanced through multiple
planes. When both flexion/extension and rotation are being
checked, the surgeon can locate defects and Improve the
stabilily of the knee joint. The surgeon can assess the
posterior cruciate ligament, collateral ligament balancing,
and posterior capsule balancing. The surgeon can proceed
with fexion/extension balancing of ligaments and rolational
balancing of the ligaments. This enables the leg 70 (o be
examined throughoul its range of motion during (rials with
provisicnal implants.

During an operation on the patient’s leg 70, the surgeon
can apply upward force against the foot of the patient by
resting the fool 74 on the surgeons knee 252 (FIG. 23) and
raising the koee of the surgeon. Of course, when the foot 74



