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TIBIAL BEARING COMPONENT FOR A KNEE PROSTHESIS
WITH IMPROVED ARTICULAR CHARACTERISTICS

BACKGROUND

1. Technical Field.

[0001] The present disclosure relates to orthopaedic prostheses and, specifically, to
articular tibial components in a knee prosthesis.

2. Description of the Related Art.

[0002] Orthopaedic prostheses are commonly utilized to repair and/or replace damaged
bone and tissue in the human body. For a damaged knee, a knee prosthesis may be implanted
using a tibial baseplate, a tibial bearing component, and a distal femoral component. The tibial
baseplate is affixed to a proximal end of the patient's tibia, which is typically resected to accept
the baseplate. The femoral component is implanted on a distal end of the patient's femur,
which is also typically resected to accept the femoral component. The tibial bearing
component is placed between the tibial baseplate and femoral component, and may be fixed
upon or slidably coupled to the tibial baseplate.

[0003] The tibial bearing component, which may also be referred to as a tibial insert or
meniscal component, provides an articular surface which interacts with the adjacent femur or
femoral component during extension and flexion of the knee. The features and geometry of the
articular surface influences the articular characteristics of the knee, such as by defining
maximum knee flexion, internal/external rotation, femoral rollback, and behavior of the knee
prosthesis in hyperextension, for example. Accordingly, substantial design efforts have
previously focused on providing knee prosthesis components which preserve flexion range and
promote a desired kinematic motion profile for the widest possible range of prospective knee

replacement patients.
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SUMMARY

[0004] The present disclosure provides an orthopaedic knee prosthesis including a
tibial bearing component with articular features which operate to protect adjacent soft tissues
of the natural knee, promote and/or accommodate desired articulation with an abutting femoral
component, and facilitate expedient and effective implantation by a surgeon.

[0005] Features which accommodate and protect soft tissues of the knee include 1) a
relief or scallop formed in the proximal peripheral edge of the bearing component near an
anterior/lateral corner thereof; and 2) a bulbous, convex flare protruding from the tibial bearing
component sidewall at an anterior/medial portion thereof.

[0006] Features which facilitate and/or promote improved articular characteristics
include: 1) medial and lateral articular tracks, defined by respective dished articular
compartments of the tibial bearing component, which are angled or "clocked" with respect to
the posterior edge of the tibial bearing component; 2) a lateral articular compartment which
defines a low conformity with the corresponding condyle of the abutting femoral component,
and a medial articular compartment which defines a high conformity with the corresponding
medial condyle of the femoral component; 3) medial and lateral articular tracks which, when
viewed in respective sagittal planes, define a distal-most point which is anteriorly shifted with
respect to predicate devices; 4) a lateral articular track which transitions from an early- and
mid-flexion path that is generally linear along an anterior/posterior path as viewed in a
transverse plane, to an arcuate path at the deep-flexion, posterior end of the articular track; 5) a
lateral articular compartment which defines a relatively "flattened" posterior edge profile as
compared to the posterior edge profile of the medial articular compartment to define a
differential "jump height" therebetween; 6) for posterior-stabilized (PS) prostheses, a spine
defining a posterior face which transitions from symmetrical in a proximal portion (i.e., a
portion contacted by a femoral cam in early flexion) to an angled configuration in a distal
portion (i.e., a portion contacted by the femoral cam in mid- to deep flexion); and 7) for
ultra-congruent (UC) knee prostheses, a posterior eminence disposed between medial and
lateral articular compartments that is sized and shaped to smoothly transition into a position
within the intercondylar notch of an abutting femoral component when the knee prosthesis is
hyperextended.

[0007] Features which facilitate surgical implantation include provision of families of

tibial bearing components from which the surgeon may choose intraoperatively. These
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families may include a range of component sizes, multiple components within a given size, and
different component designs. For example, within a range of sizes, different components may
feature varying clocking angles and/or levels of posterior "flattening” in the lateral articular
compartment, as noted above. Within a given size, multiple components may feature differing
thickness profiles, as viewed from a sagittal and/or coronal perspective, in order to selectively
tilt or cant the articular surface. Moreover, various combinations of the design features
described herein may be provided across several tibial bearing component designs, such as
posterior-stabilized, ultra-congruent and cruciate-retaining designs.

[0008] According to one embodiment thereof, the present invention provides a tibial
bearing component for articulation with a medial femoral condyle and a lateral femoral
condyle, the tibial bearing component defining a tibial bearing component coordinate system
comprising: a bearing component transverse plane extending along a medial/lateral direction
and an anterior/posterior direction; a bearing component coronal plane extending along a
proximal/distal direction and the medial/lateral direction, the bearing component coronal plane
perpendicular to the bearing component transverse plane; and a bearing component sagittal
plane extending along the anterior/posterior direction and the proximal/distal direction, the
bearing component sagittal plane perpendicular to the bearing component transverse plane and
the bearing component coronal plane, the tibial bearing component comprising: an articular
surface and an opposing distal surface, the distal surface parallel to the bearing component
transverse plane, the articular surface including medial and lateral dished articular
compartments sized and shaped for articulation with the medial and lateral femoral condyles
respectively, the medial and lateral dished articular compartments separated from one another
by the bearing component sagittal plane, the lateral articular compartment comprising a
plurality of coronal cross-sectional profiles defining a lateral set of coronal distal-most points
spanning a lateral anterior/posterior extent, the lateral set of coronal distal-most points defining
a lateral articular track, the lateral articular track having an anterior portion and a posterior
portion, the anterior portion defining a nominally straight line when projected onto the bearing
component transverse plane, the posterior portion defining a curved line when projected onto
the bearing component transverse plane.

[0009] According to another embodiment thereof, the present invention provides a
tibial bearing component for articulation with a medial femoral condyle and a lateral femoral
condyle, the tibial bearing component defining a tibial bearing component coordinate system

comprising: a bearing component transverse plane extending along a medial/lateral direction
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and an anterior/posterior direction; a bearing component coronal plane extending along a
proximal/distal direction and the medial/lateral direction, the bearing component coronal plane
perpendicular to the bearing component transverse plane; and a bearing component sagittal
plane extending along the anterior/posterior direction and the proximal/distal direction, the
bearing component sagittal plane perpendicular to the bearing component transverse plane and
the bearing component coronal plane, the tibial bearing component comprising: an articular
surface and an opposing distal surface, the distal surface parallel to the bearing component
transverse plane, the articular surface including medial and lateral dished articular
compartments sized and shaped for articulation with the medial and lateral femoral condyles
respectively, the medial and lateral dished articular compartments separated from one another
by the bearing component sagittal plane, the articular and distal surfaces bounded by a tibial
bearing periphery, the lateral articular compartment comprising a plurality of coronal
cross-sectional profiles defining a lateral set of coronal distal-most points spanning a lateral
anterior/posterior extent, the lateral set of coronal distal-most points defining a lateral articular
track having an anterior portion and a posterior portion, the anterior portion defining a
nominally straight line when projected onto the bearing component transverse plane, the
anterior portion of the lateral articular track extrapolated posteriorly to define a lateral
intersection point with the tibial bearing periphery, the medial articular compartment
comprising a plurality of coronal cross-sectional profiles defining a medial set of coronal
distal-most points spanning a medial anterior/posterior extent, the medial set of coronal
distal-most points defining a medial articular track, the medial articular track defining a
nominally straight line when projected onto the bearing component transverse plane, the
medial articular track extrapolated posteriorly to define a medial intersection point with the
tibial bearing periphery, the lateral and medial intersection points joined by a posterior line of
the tibial bearing component, at least one of the lateral articular track and the medial articular
track defining an acute angle with the posterior line.

[0010] According to yet another embodiment thercof, the present invention provides a
family of tibial bearing components for articulation with femoral condyles, each of the family
of tibial bearing components defining a tibial bearing component coordinate system
comprising: a bearing component transverse plane extending along a medial/lateral direction
and an anterior/posterior direction; a bearing component coronal plane extending along a
proximal/distal direction and the medial/lateral direction, the bearing component coronal plane

perpendicular to the bearing component transverse plane; and a bearing component sagittal
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plane extending along the anterior/posterior direction and the proximal/distal direction, the
bearing component sagittal plane perpendicular to the bearing component transverse plane and
the bearing component coronal plane, the family of tibial bearing components comprising a
small tibial bearing component and a large tibial bearing component, the small and large tibial
bearing components each comprising: an articular surface and an opposing distal surface, the
distal surface parallel to the bearing component transverse plane, the articular surface including
medial and lateral dished articular compartments sized and shaped for articulation with the
femoral condyles, the medial and lateral dished articular compartments separated from one
another by the bearing component sagittal plane, the articular and distal surfaces bounded by a
tibial bearing periphery, the lateral articular compartment comprising a plurality of coronal
cross-sectional profiles defining a lateral set of coronal distal-most points spanning a lateral
anterior/posterior extent, the lateral set of coronal distal-most points defining a lateral articular
track having an anterior portion and a posterior portion, the anterior portion defining a
nominally straight line when projected onto the bearing component transverse plane, the
anterior portion of the lateral articular track extrapolated posteriorly to define a lateral
intersection point with the tibial bearing periphery, the medial articular compartment
comprising a plurality of coronal cross-sectional profiles defining a medial set of coronal
distal-most points spanning a medial anterior/posterior extent, the medial set of coronal
distal-most points defining a medial articular track, the medial articular track defining a
nominally straight line when projected onto the bearing component transverse plane, the
medial articular track extrapolated posteriorly to define a medial intersection point with the
tibial bearing periphery, the lateral and medial intersection points joined by a posterior line, at
least one of the lateral articular track and the medial articular track defining an acute angle with
the posterior line; and the acute angle of the small tibial bearing component less than the acute
angle of the large tibial bearing component.

[0011] According to still another embodiment thereof, the present invention provides a
tibial bearing component for articulation with a medial femoral condyle and a lateral femoral
condyle, the tibial bearing component defining a tibial bearing component coordinate system
comprising: a bearing component transverse plane extending along a medial/lateral direction
and an anterior/posterior direction; a bearing component coronal plane extending along a
proximal/distal direction and the medial/lateral direction, the bearing component coronal plane
perpendicular to the bearing component transverse plane; and a bearing component sagittal

plane extending along the anterior/posterior direction and the proximal/distal direction, the
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bearing component sagittal plane perpendicular to the bearing component transverse plane and
the bearing component coronal plane, the tibial bearing component comprising: an articular
surface and an opposing distal surface, the distal surface parallel to the bearing component
transverse plane, the articular surface including medial and lateral dished articular
compartments sized and shaped for articulation with the medial and lateral femoral condyles
respectively, the medial and lateral dished articular compartments separated from one another
by the bearing component sagittal plane, the articular and distal surfaces bounded by a tibial
bearing periphery, the lateral articular compartment comprising a plurality of coronal
cross-sectional profiles defining a lateral set of coronal distal-most points spanning a lateral
anterior/posterior extent, the lateral set of coronal distal-most points defining a lateral articular
track having an anterior portion and a posterior portion, the medial articular compartment
comprising a plurality of coronal cross-sectional profiles defining a medial set of coronal
distal-most points spanning a medial anterior/posterior extent, the medial set of coronal
distal-most points defining a medial articular track; and means for clocking the medial articular

track and the lateral articular track into a counterclockwise clocked rotation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The above mentioned and other features and advantages of this disclosure, and
the manner of attaining them, will become more apparent and the invention itself will be better
understood by reference to the following description of embodiments of the invention taken in
conjunction with the accompanying drawings, wherein:

[0013] Fig. 1A is atop plan view of a posterior stabilized (PS) tibial bearing component
and baseplate in accordance with the present disclosure;

[0014] Fig. 1B is a graph plotting the angular arrangement of articular tracks of various
sizes of ultra-congruent tibial bearing components in accordance with the present disclosure;
[0015] Fig. 1C is a graph plotting the angular arrangement of articular tracks of various
sizes of posterior-stabilized tibial bearing components in accordance with the present
disclosure;

[0016] Fig. 1D is a graph plotting the angular arrangement of articular tracks of various
sizes of cruciate-retaining tibial bearing components in accordance with the present disclosure;
[0017] Fig. 2 is a perspective view of a femoral component in accordance with the

present disclosure;
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[0018] Fig. 3A is a sagittal, cross-sectional view of a tibial bearing component in
accordance with the present disclosure, taken through a medial articular compartment along
line 3A-3A of Fig. 1A;

[0019] Fig. 3B is a sagittal, cross-sectional view of a tibial bearing component in
accordance with the present disclosure, taken through a lateral articular compartment along
line 3B-3B of Fig. 1A;

[0020] Fig. 3C is a graph plotting the height differential between medial and lateral
posterior compartment edges for various sizes of posterior-stabilized tibial bearing components
in accordance with the present disclosure;

[0021] Fig. 3D is a graph plotting the height differential between medial and lateral
posterior compartment edges for various sizes of ultra-congruent tibial bearing components in
accordance with the present disclosure;

[0022] Fig. 3E is a graph plotting the anterior/posterior position of medial distal-most
points of an articular surface for tibial bearing components in accordance with the present
disclosure and prior art tibial bearing components (where prior art devices are listed as
"predicate");

[0023] Fig. 3F is a graph plotting the anterior/posterior position of lateral distal-most
points of an articular surface for tibial bearing components in accordance with the present
disclosure and prior art tibial bearing components(where prior art devices are listed as
"predicate");

[0024] Fig. 4A is an elevation, cross-sectional view of the tibial bearing shown in Fig.
1A, together with a femoral component made in accordance with the present disclosure, taken
in a coronal plane;

[0025] Fig. 4B is an elevation, cross-sectional view of the tibial bearing and femoral
components shown in Fig. 4A, taken in a sagittal plane through the lateral articular condyle and
articular compartment thereof;

[0026] Fig. 4C is an elevation, cross-sectional view of the tibial bearing and femoral
components shown in Fig. 4A, taken in a sagittal plane through the medial articular condyle

and articular compartment thereof;

[0027] Fig. 5A is a top perspective view of the tibial bearing component shown in Fig,
1A;
[0028] Fig. 5B is a sagittal, cross-sectional view of the tibial bearing component shown

in Fig. 5A, taken along the line 5B-5B of Fig. 5A;
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[0029] Fig. 5C is another sagittal, cross-sectional view of the tibial bearing component
shown in Fig. SA, taken along the line SC-5C of Fig. 5A;

[0030] Fig. 5D is another sagittal, cross-sectional view of the tibial bearing component
shown in Fig. SA, taken along the line SD-5D of Fig. 5A;

[0031] Fig. 6A is a top plan view of an ultracongruent (UC) tibial bearing component
made in accordance with the present disclosure;

[0032] Fig. 6B is a perspective view of the tibial bearing component shown in Fig. 6A,
shown positioned atop a tibial baseplate;

[0033] Fig. 6C is an elevation, cross-sectional view of the tibial bearing component
shown in Fig. 6A, taken in a coronal plane;

[0034] Fig. 6D is a sagittal, elevation, cross-sectional view of the tibial bearing
component of Fig. 6A, in combination with a femoral component;

[0035] Fig. 6E is a fragmentary, anterior perspective view of a prior art ultracongruent
(UC) tibial bearing component, illustrating a posterior eminence thereof (where prior art
devices are listed as "predicate");

[0036] Fig. 7A is a top, perspective view of a cruciate-retaining (CR) tibial bearing
component made in accordance with the present disclosure;

[0037] Fig. 7B is a top plan view of the tibial bearing component shown in Fig. 7A;
[0038] Fig. 8A is a side, elevation view of another ultracongruent (UC) tibial bearing

component in accordance with the present disclosure, illustrating an anterior medial bulbous

flare;
[0039] Fig. 8B is a bottom plan view of the tibial bearing component show in Fig. 8A;
[0040] Fig. 9A is a sagittal, cross-sectional view of a tibial bearing component in

accordance with the present disclosure, illustrating geometric changes to the distal surface of
the tibial bearing component which affect the anterior/posterior orientation of the tibial
articular surfaces with respect to the tibia;

[0041] Fig. 9B is a sagittal, cross-sectional view of the tibial bearing component of Fig.
9A, in which the geometric changes to the tibial bearing component replicate a decrease in the
anteroposterior slope defined by the resected surface of the tibia;

[0042] Fig. 9C is a sagittal, cross-sectional view of the tibial bearing component of Fig.
9A, in which the geometric changes to the tibial bearing component replicate an increase in the

anteroposterior slope defined by the resected surface of the tibia;
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[0043] Fig. 9D is a sagittal, cross-sectional view of a tibial bearing component in
accordance with the present disclosure, illustrating geometric changes to the articular surface
of the tibial bearing component which affect the anterior/posterior orientation of the tibial
articular surfaces with respect to the tibia;

[0044] Fig. 10A is a coronal, cross-sectional view of a tibial bearing component in
accordance with the present disclosure, illustrating potential geometric changes to the distal
surface of the tibial bearing component which affect the medial/lateral orientation of the tibial
articular surfaces with respect to the tibia;

[0045] Fig. 10B is a coronal, cross-sectional view of an alternative tibial bearing
component, in which one of the potential geometric changes to the bearing component shown
in Fig. 10A is effected to compensate for a valgus deformity;

[0046] Fig. 10C is a coronal, cross-sectional view of an alternative tibial bearing
component, in which one of the potential geometric changes to the bearing component shown
in Fig. 10A is effected to compensate for a varus deformity; and

[0047] Fig. 11 is a perspective, exploded view illustrating assembly of a tibial bearing
component and tibial baseplate made in accordance with the present disclosure.

[0048] Corresponding reference characters indicate corresponding parts throughout the
several views. The exemplifications set out herein illustrate exemplary embodiments of the
invention, and such exemplifications are not to be construed as limiting the scope of the

invention in any manner.

DETAILED DESCRIPTION

[0049] The present disclosure provides tibial bearing components for a knee prosthesis
in which the bearing components have various features which enhance articular characteristics
throughout a range of motion while also protecting the soft tissues of the knee after
implantation.

[0050] In order to prepare the tibia and femur for receipt of a knee joint prosthesis of
the present disclosure, any suitable methods or apparatuses for preparation of the knee joint
may be used. Exemplary surgical procedures and associated surgical instruments are disclosed
in "Zimmer LPS-Flex Fixed Bearing Knee, Surgical Technique", "NEXGEN COMPLETE
KNEE SOLUTION, Surgical Technique for the CR-Flex Fixed Bearing Knee" and "Zimmer
NexGen Complete Knee Solution Extramedullary/Intramedullary Tibial Resector, Surgical

Technique" (collectively, the "Zimmer Surgical Techniques"), the entireties of which are
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hereby expressly incorporated herein by reference, copies of which are filed in an information
disclosure statement on even date herewith.

[0051] As used herein, "proximal” refers to a direction generally toward the torso of a
patient, and "distal" refers to the opposite direction of proximal, i.e., away from the torso of a
patient. "Anterior" refers to a direction generally toward the front of a patient or knee, and
"posterior” refers to the opposite direction of anterior, i.c., toward the back of the patient or
knee. In the context of a prosthesis alone, such directions correspond to the orientation of the
prosthesis after implantation, such that a proximal portion of the prosthesis is that portion
which will ordinarily be closest to the torso of the patient, the anterior portion closest to the
front of the patient's knee, etc.

[0052] Similarly, knee prostheses in accordance with the present disclosure may be
referred to in the context of a coordinate system including transverse, coronal and sagittal
planes of the component. Upon implantation of the prosthesis and with a patient in a standing
position, a transverse plane of the knee prosthesis is generally parallel to an anatomic
transverse plane, i.e., the transverse plane of the knee prosthesis is inclusive of imaginary
vectors extending along medial/lateral and anterior/posterior directions. However, in some
instances the bearing component transverse plane may be slightly angled with respect to the
anatomic transverse plane, such as when the proximal surface of the resected tibia T (Figs. 3A
and 3B) defines anteroposterior slope S (described in detail below). In Figs. 3A and 3B, tibia T
is shown with a positive anteroposterior slope, in that the proximal resected surface of tibia T is
not normal to anatomic axis Ar of tibia T. Where such anteroposterior slope S is non-zero, the
bearing component transverse plane will be angled with respect to the anatomic transverse
plane, with the magnitude of such angle being approximately equal to the magnitude of the
anteroposterior slope S.

[0053] Coronal and sagittal planes of the knee prosthesis are also generally parallel to
the coronal and sagittal anatomic planes in a similar fashion. Thus, a coronal plane of the
prosthesis is inclusive of vectors extending along proximal/distal and medial/lateral directions,
and a sagittal plane is inclusive of vectors extending along anterior/posterior and
proximal/distal directions. As with the relationship between the anatomic and bearing
component transverse planes discussed above, it is appreciated that small angles may be
formed between the bearing component sagittal and coronal planes and the corresponding
anatomic sagittal and coronal planes depending upon the surgical implantation method. For

example, creation of anteroposterior slope S (Figs. 3A and 3B) will angle the bearing
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component coronal plane with respect to the anatomic coronal plane, while alteration of the
resected surface S for correction of a varus or valgus deformity will angle the bearing
component sagittal plane with respect to the anatomic sagittal plane.

[0054] As with anatomic planes, the sagittal, coronal and transverse planes defined by
the knee prosthesis are mutually perpendicular to one another. For purposes of the present
disclosure, reference to sagittal, coronal and transverse planes is with respect to the present
knee prosthesis unless otherwise specified.

[0055] The embodiments shown and described herein illustrate components for a left
knee prosthesis. Right and left knee prosthesis configurations are mirror images of one another
about a sagittal plane. Thus, it will be appreciated that the aspects of the prosthesis described
herein are equally applicable to a left or right knee configuration.

[0056] A tibial bearing component made in accordance with the present disclosure
provides an articular surface with features and geometry which promote and accommodate an
articular profile similar to a healthy natural knee. As described in detail below, features
incorporated into the tibial bearing component articular surface advantageously provide an
optimal level of constraint and motion guidance throughout a wide range of knee flexion.
[0057] Prosthesis designs in accordance with the present disclosure may include
posterior stabilized (PS) prostheses and mid level constraint (MLC) prostheses, each of which
includes spine 38 (Fig. 1A) and femoral cam 40 (Fig. 2) designed to cooperate with one another
to stabilize femoral component 20 with respect to tibial bearing component 12 in licu of a
resected posterior cruciate ligament (PCL). For purposes of the present disclosure, PS and
MLC prostheses are both of a "posterior-stabilized" design, which includes spine 38 extending
proximally from the articular surface, in which the spine is spaced posteriorly from an anterior
edge of the periphery of tibial bearing component 12 (Fig. 1A). Spine 38 is disposed between
medial and lateral dished articular compartments 16, 18.

[0058] Another contemplated design includes "cruciate retaining” (CR) prostheses,
such as those using components configured as shown in Figs. 4A and 4B. CR designs omit
spine 38 and femoral cam 40, such that femoral component 220 defines an intercondylar space
between medial and lateral condyles 222, 224 that is entirely open and uninterrupted by
femoral cam 40. CR tibial components are generally used in surgical procedures which retain
the PCL. Cruciate-retaining (CR) type tibial bearing component 212 is illustrated in Figs. 7A
and 7B. Tibial bearing component 212 and femoral component 220 are substantially similar to

tibial bearing component 12 and femoral component 20 described herein,, respectively, with
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reference numerals of components 212, 220 analogous to the reference numerals used in
component 12, 20 except with 200 added thereto. Structures of tibial bearing component 212
and femoral component 220 correspond to similar structures denoted by corresponding
reference numerals of tibial bearing component 12 and femoral component 20, except as
otherwise noted.

[0059] Referring to Fig. 7A, posterior cutout 236 is sized and positioned to
accommodate a posterior cruciate ligament upon implantation of tibial bearing component 212.
Intercompartmental eminence 238 comprises an intercondylar ridge disposed between medial
and lateral articular compartments 216, 218 and extending anteroposteriorly from posterior 236
cutout to anterior relief space 261. Thus, the intercondylar ridge defined by
intercompartmental eminence 238 is disposed between the medial and lateral dished articular
compartments and occupies the available anterior/posterior space therebetween.

[0060] Anterior relief space 261 is also disposed generally between medial and lateral
articular compartments 216, 218, anterior of intercondylar eminence 238, and extending
posteriorly from an anterior edge of the periphery of tibial bearing component 212. An
exemplary embodiment of relief space 261 is described in U.S. Provisional Patent Application
Serial No. 61/621,361 (Attorney Docket No. ZIM0912-03), entitled TIBIAL BEARING
COMPONENT FOR A KNEE PROSTHESIS WITH IMPROVED ARTICULAR
CHARACTERISTICS and filed on April 6, 2012, and in U.S. Patent Application Serial No.
/., (Attorney Docket No. ZIM0912-07), entitled TIBIAL BEARING COMPONENT
FOR A KNEE PROSTHESIS WITH IMPROVED ARTICULAR CHARACTERISTICS and
filed on even date herewith, the entire disclosures of which are hereby expressly incorporated
herein by reference.

[0061] Yet another design includes "ultra congruent” (UC) prostheses, shown in Figs.
6A, 6B, 8A and 8B, which also omits spine 38 and femoral cam 40 but is designed for use with
a patient whose PCL is resected. Referring to Figs. 6A and 6B, for example, ultra-congruent
tibial bearing component 112 is illustrated which includes posterior eminence 138. Posterior
eminence 138 extends proximally from the articular surface of tibial bearing component 112,
by a distance more than intercondylar eminence 238 and less than spine 38. Posterior
eminence 138 also extends anteriorly from a posterior edge of the tibial bearing periphery, in
the area normally occupied by posterior cutout 36 (Fig. 1A). Thus, posterior eminence 138 is
distinguished from spine 38 in that posterior eminence 138 resides at the posterior edge of tibial

bearing component 112, and in that it defines an intermediate height above the surrounding
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articular surface. Like spine 38 and intercompartmental eminence 238, posterior eminence 138
is disposed between the medial and lateral dished articular compartments 116, 118.

[0062] “Congruence,” in the context of knee prostheses, refers to the similarity of
curvature between the convex femoral condyles and the correspondingly concave tibial
articular compartments. A detailed discussion of congruence appears below. UC designs
utilize very high congruence between the tibial bearing compartments and femoral condyles to
provide prosthesis stability, particularly with respect to anterior/posterior relative motion.
[0063] In the exemplary embodiments described below, tibial bearing components 12,
112, 212 are each adapted to fixedly attach to tibial baseplate 14, such that the resulting tibial
prosthesis is a “fixed-bearing” design. For purposes of illustration, tibial bearing component
212 is shown in Fig. 11. As shown in Fig. 11, distal surface 260 of tibial bearing component
212 includes a two-pronged recess 280 which cooperates with a correspondingly shaped
two-prong boss 80 protruding proximally from tray 84 of tibial baseplate 14. Further, a
peripheral undercut 282 formed around the periphery of distal surface 260 of tibial bearing
component 212 is sized and shaped to receive peripheral wall 82. Upon assembly, tibial
bearing component 212 is advanced along path P, such that tibial bearing component moves
along a generally anterior-to-posterior path as recess 280 begins to engage with boss &0.
Further posterior movement of tibial bearing component 212 causes a tight interfitting
engagement between recess 280 and boss 80, and eventually aligns peripheral undercut 282
with peripheral wall 82. When so aligned, tibial bearing component 212 "snaps" into fixed
engagement with tibial baseplate 14. Posterior-stabilized tibial bearing component 12 and
ultra-congruent tibial bearing component 112 may fixedly engage with tibial baseplate in a
similar fashion.

[0064] Once such fixed engagement takes place, tibial bearing component 212 (or
components 12 or 112) is immovable with respect to tibial baseplate 14. As used herein, a
"fixed bearing" tibial prosthesis is a prosthesis in which a bearing component is seated atop a
tibial baseplate in a final, locked position such as the arrangement described above. In this
locked position, lift-off of bearing components 12, 112, 212 from tibial baseplate 14, as well as
transverse movement of bearing components 12, 112, 212 relative to tibial baseplate 14, is
prevented during natural articulation of the knee. While some very small amount of motion
(sometimes referred to as micromotion) may occur between tibial bearing components 12, 112,
212 and tibial baseplate 14 in a fixed bearing prosthesis, no such motion occurs by design along

a designated path.
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[0065] Exemplary fixed-bearing securement designs are described in U.S. Patent
Application Publication No. 2012/0035737, filed July 22, 2011 and entitled TIBIAL
PROSTHESIS (Attorney Docket No. ZIM0806-02), and in U.S. Patent Application No.
2012/0035735, filed July 22, 2011 and entitled TIBIAL PROSTHESIS (Attorney Docket No.
ZIMO0806-03), the entire disclosures of which are hereby expressly incorporated herein by
reference. Other types of fixed bearing prostheses include “monoblock” type designs, in which
the tibial bearing component is permanently molded over the tibial baseplate to create a unitary
tibial prosthesis. However, it is also contemplated that the features of a tibial bearing
component described herein may be used on a "mobile bearing" prosthesis design in which the
tibial bearing component is allowed to move relative to the tibial baseplate during articulation.
[0066] Except as otherwise specified herein, all features described below may be used
with any potential prosthesis design. While a particular design may potentially include all the
features described herein, it is contemplated that some prosthesis designs may include selected

features described herein but omit other such features, as required or desired for a particular

application.
1. Articular Tracks: Arcuate Posterior/Lateral Bearing Path for Deep Flexion
Rollback
[0067] Fig. 1A illustrates tibial prosthesis 10 having tibial bearing component 12 and

tibial baseplate 14. The perspective of Fig. 1A is a transverse-plane view of tibial prosthesis 10,
looking down upon the proximally facing articular surface of bearing component 12, such that
distal surface 60 (Fig. 3A) is substantially parallel to the transverse plane. Bearing component
12 includes medial articular compartment 16 and lateral articular compartment 18, each
defining concave dished articular surfaces sized and shaped to articulate with femoral condyles,
¢.g., prosthetic condyles such as medial and lateral condyles 22, 24 of femoral component 20
(Fig. 2). For purposes of the present disclosure, a central sagittal plane may be said to bisect
tibial prosthesis 10 into a medial portion including medial articular compartment 16 and a
lateral portion including lateral compartment 18.

[0068] During articulation from knee extension to flexion, the contact point between
condyles 22, 24 and articular compartments 16, 18 moves posteriorly, thereby defining medial
articular track 26 and lateral articular track 28, respectively. Articular tracks 26, 28 are also
representative of the lowest points along the anterior/posterior extent of medial and lateral

articular compartments 16, 18. More particularly, any given coronal cross-section of articular
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compartments 16, 18 (such as, for example, the coronal cross-section shown in Fig. 4A)
defines medial and lateral distal-most points in medial and lateral articular compartments 16,
18, respectively. These distal-most points are each coincident with medial and lateral articular
tracks 26, 28, respectively. When the distal-most points of all possible coronal cross-sections
(i.e., every coronal cross-section across the entire anterior/posterior extent of medial and lateral
articular compartments 16, 18) are aggregated, the set of distal-most points form lines which
define medial and lateral articular tracks 26, 28 respectively. As described in detail below, the
location of distal-most points 42, 44 of articular compartments 16, 18 may be determined
accounting for or ignoring the anteroposterior tibial slope S (Figs. 3A and 3B), it being
understood that the magnitude of slope S influences the anterior/posterior positions of
distal-most points 42, 44. Tt is contemplated that either method of determining the locations of
distal-most points 42, 44 may be appropriate in some instances, while in other instances a
particular method is appropriate. For purposes of the present disclosure, both methods of
determining the anterior/posterior positions of distal-most points 42, 44 may be used except
where otherwise specified.

[0069] For convenience, the present discussion refers to “points” or "lines" of contact
between tibial bearing component 12 and femoral component 20 along articular tracks 26, 28.
However, it is of course appreciated that each potential point or line of contact (i.e., any of the
points along one of articular tracks 26, 28) is not truly a point or line, but rather an area of
contact. These areas of contact may be relatively larger or smaller depending on various
factors, such as prosthesis materials, the amount of pressure applied at the interface between
tibial bearing component 12 and femoral component 20, and the like. Moreover, it is
appreciated that some of the factors affecting the size of the contact area may change
dynamically during prosthesis use, such as the amount of applied pressure at the femoral/tibial
interface during walking, climbing stairs or crouching, for example. For purposes of the
present discussion, a "contact point" may be taken as the point at the geometric center of the
area of contact. The "geometric center"”, in turn, refers to the intersection of all straight lines
that divide a given area into two parts of equal moment about each respective line. Stated
another way, a geometric center may be said to be the "average" (i.e., arithmetic mean) of all
points of the given area. Similarly, a "contact line" is the central line of contact passing through
and bisecting an elongate area of contact.

[0070] Referring still to Fig. 1A, medial articular track 26 defines a generally straight

line extending along an anterior/posterior direction when viewed from above (i.e., when
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projected onto the transverse plane) as shown in Fig. 1A. Thus, as medial condyle 22 of
femoral component 20 articulates with medial compartment 16 of tibial bearing component 12,
the point of contact therebetween follows a generally straight anterior/posterior path as
projected onto the transverse plane. For purposes of the present disclosure, a "straight” line or
path defined by a component of a knee prosthesis refers to a nominally straight line or path, it
being appreciated that manufacturing tolerances and circumstances of in vivo use may cause
such straight lines or paths to deviate slightly from the nominal path. As used herein, a
"nominal" quantity or feature refers to a feature as designed, notwithstanding variabilities
arising from manufacturing and/or use.

[0071] On the other hand, lateral articular track 28 includes arcuate portion 30 near the
posterior edge of lateral articular compartment 18. The contact point between lateral condyle
24 and lateral articular compartment 18 follows a generally straight-line anteroposterior path
throughout early and mid flexion, such that an anterior portion of lateral articular track 28 is
linear in a similar fashion to medial articular track 26. However, when prosthesis 10 reaches a
deep flexion configuration and the contact point between lateral condyle 24 and lateral articular
compartment 18 advances toward the posterior portion of lateral compartment 18, the
corresponding posterior portion of articular track 28 curves or arcs inwardly to define a curved
line forming arcuate portion 30.

[0072] In the exemplary embodiment of Fig. 1A, arcuate portion 30 of articular track
28 defines an arc having a radius Ry defining radius center Cr, which is spaced medially from
lateral articular track 28. In the illustrative embodiment of Fig. 1A, this medial spacing is equal
to the medial/lateral separation distance Dr (Fig. 1A) between the parallel linear portions of
medial and lateral articular tracks 26, 28, such that radius center Ct of radius Rt is coincident
with medial articular track 26. Radius Rt may be between as little as 30 mm, 34 mm or 36 mm
and as large as 48 mm, 52 mm or 60 mm, or may be any size within any range defined by any of
the foregoing values. The magnitude of Radius Rt generally grows larger as the size of tibial
bearing component 12 increases across a range of prosthesis sizes.

[0073] In addition to the coronal distal-most points described above, each of medial
and lateral articular tracks 26, 28 include an arcuate sagittal profile (shown in Figs. 3A and 3B
and described below) defining sagittal distal-most points 42, 44 respectively. Referring to Fig.
1A, the anterior/posterior position of radius center Cr is, in an exemplary embodiment,
coincident with distal-most point 42 thereof as viewed in the transverse plane perspective of

Fig. 1A. Further discussion of distal-most point 42 appears below within the context of an
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implanted knee prosthesis. For purposes of the illustration of Fig. 1A, however, distal-most
point 42 may be taken to be the point in lateral compartment 18 which is closest to distal
surface 60 of tibial bearing component 12 (see Fig. 4B).

[0074] In addition, arcuate portion 30 defines a point of tangency with the linear
anterior remainder of articular track 28 at transition point 31, such that transition point 31
represents the posterior terminus of such linear anterior portion and the anterior terminus of
arcuate portion 30 of articular track 28. In the exemplary embodiment of Fig. 1A, radius center
Cr and transition point 31 of lateral articular track 28 lie in a common coronal plane. Stated
another way, the linear/arcuate transition point 31 of lateral articular track 28 and radius center
Cr of medial articular track 26 share a common anteroposterior location along their respective
articular tracks 26, 28.

[0075] Advantageously, setting the magnitude of radius Rt equal to bearing spacing
distance Dt accommodates external rotation of the femur, which causes femoral component 20
(Fig. 2) to pivot in deep flexion about the contact point between medial condyle 22 and medial
articular compartment 16. This contact point is coincident with radius center Cr, such that
lateral condyle 24 follows the path of least resistance upon lateral articular compartment 18
even as external rotation and the associated femoral rollback occurs.

[0076] In an exemplary embodiment, arcuate portion 30 of lateral articular track 28
occupies as little as 20% or 25% and as much as 28%, 35% or 50% of the overall
anterior/posterior extent of lateral articular compartment 18, or may occupy any percentage
within any range defined by any of the foregoing values. This anterior/posterior location of
transition point 31 cooperates with the articular surface geometry of lateral articular
compartment 18 and the articular surface geometry of lateral condyle 24 of femoral component
20 to set the initial level of flexion for engagement of condyle 24 with arcuate portion 30 of
articular track 28 at approximately 90 degrees of flexion, though it is appreciated that the actual
initial engagement may vary substantially depending on, for example, unique patient anatomy
and the particular conditions of articulation during prosthesis use.

[0077] As noted above, it is contemplated that articular tracks 26, 28 as described
herein may be incorporated into ultra-congruent, posterior-stabilized and cruciate-retaining
designs, and that the benefits and advantages conferred by the disclosed arrangement of

articular tracks 26, 28 may be realized in any knee prosthesis design.
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2. Articular Tracks: Rotational Orientation with Respect to Posterior Edge of the

Tibial Prosthesis.

[0078] Articular tracks 26, 28 are angled with respect to the posterior edges of tibial
bearing component 12 and tibial baseplate 14, which promotes a similarly angled orientation of
articular track 26, 28 upon implantation to facilitate enhanced prosthesis articulation. Such
angling may be defined in the context of tibial bearing component 12 alone, as described
below, and/or when tibial bearing component 12 is attached to tibial baseplate 14.

[0079] Referring still to Fig. 1A, tibial bearing component 12 defines an acute angle o
between posterior line 32 (described in detail below) and medial articular track 26. Because
medial articular track 26 and the linear anterior portion of lateral articular track 28 are parallel
to one another (as noted above), angle a is also defined between the linear anterior portion of
lateral articular track 28 and posterior line 32.

[0080] Similarly, angle 0 is defined between posterior line 34 of tibial baseplate 14 and
articular tracks 26, 28. As described in detail below, the medial compartment of tibial
baseplate 14 extends further posteriorly compared to the posterior/medial edge of tibial bearing
component 12, but tibial bearing component 12 and tibial baseplate 14 define similar
anteroposterior extents in their respective lateral sides. Therefore, as shown in Fig. 1A, angle 0
is less than angle a.

[0081] To form posterior lines 32, 34 as shown in Fig. 1A, medial articular track 26 and
the linear anterior portion of lateral articular track 28 are first extrapolated posteriorly to
intersect with the outer peripheries defined by tibial bearing component 12 and tibial baseplate
14, respectively. Posterior line 32 of tibial bearing component 12 is then defined as the line
which joins medial and lateral intersection points Py, P between medial and lateral articular
tracks 26, 28 and the periphery of tibial bearing component 12. Posterior line 34 of tibial
baseplate 14 is the line which joins intersection points Pgy, Pgr, between medial and lateral
articular tracks 26, 28 and the periphery of tibial baseplate 14.

[0082] In an exemplary embodiment, angle o defined by tibial bearing component 12
alone may be only slightly less than 90 degrees, such as by 0.5 degrees. In other embodiments
and across various prosthesis sizes, angle o may be less than 90 degrees by as much as 9
degrees or more. For example, referring to Fig. 1B, angle a for various sizes of
cruciate-retaining prosthesis designs are illustrated, with sizes 1 and 7 (on the horizontal axis)

being the smallest and largest component sizes, respectively, and the intermediate sizes 2-6
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growing progressively in size. For such cruciate-retaining designs, angle o ranges from 81
degrees to 89.5 degrees across the seven cruciate-retaining component sizes.

[0083] Referring to Fig. 1C, angle o for seven sizes (again shown on the horizontal
axis) is illustrated for an ultra-congruent prosthesis design. Angle o, as shown on the vertical
axis, ranges from 82 degrees to 88.7 degrees across the seven ultra-congruent component sizes.
[0084] Referring to Fig. 1D, angle a for eleven sizes of posterior-stabilized prosthesis
designs are illustrated, with sizes 1 and 11 (on the horizontal axis) being the smallest and
largest component sizes, respectively, and the intermediate sizes 2-10 growing progressively in
size. Angle o0, again on the vertical axis, ranges from 81.7 degrees to 86.7 degrees across the
eleven posterior-stabilized component sizes.

[0085] Figs. 1B-1D all illustrate a family of tibial bearing components within a given
design class (i.e., posterior-stabilized, ultra-congruent or cruciate-retaining), in which each
family exhibits an upward trend in angle a as the prosthesis size grows larger. Generally
speaking, angle o experiences a minimum value for the smallest component size and a largest
value for the largest component size, with angle o in intermediate component sizes following
an upward trend from smallest-to-largest. In some instances, the next-largest size will define a
decreased angle o as compared to the next-smallest size, as illustrated in Figs. 1B-1D.
However, a substantial majority of sizes experience an increase in angle o from smaller to
larger sizes, as well as the overall substantial increase exhibited by the overall change from the
smallest to largest size. Therefore, it may be said that the trend in angle o is generally upward
across the range of sizes.

[0086] Angle 0 is less than angle o, and deviates from angle o by any amount greater
than 0 degrees. In an exemplary embodiment, angle 0 is less than angle a by as little as 0.01
degrees, 0.4 degrees or 1 degree and as large as 6 degrees, 8.8 degrees or 15 degrees, or may be
any value within any range defined by any of the foregoing values. The difference between
angle 0 and angle o generally smaller for small prosthesis sizes and larger for large prosthesis
sizes.

[0087] Advantageously, the rotation of articular tracks 26, 28 with respect to posterior
lines 32, 34 rotates or "clocks" tibial bearing component 12 into a counterclockwise
orientation, as viewed from above, as compared to a non-rotated or centered orientation (in
which angles o and/or 8 would be 90-degrees). Stated another way, such "clocking" can be
thought of as rotation of the proximal, articular surface of a tibial bearing component while

leaving the distal, baseplate-contacting surface non-rotated. Clocking in accordance with the
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present disclosure is therefore analogous to disconnecting articular compartments 16, 18 from
distal surface 60, rotating articular compartments 16, 18 in a counterclockwise direction (as
viewed from above), and reconnecting articular compartments 16, 18 to distal surface 60 in the
new, rotated orientation. In this regard, the structure and arrangement of tibial bearing
component 12 provides means for clocking articular tracks 26, 28.

[0088] Such clocking yields an improved articular profile which more closely mimics
natural motion of the knee, reduces wear of the prosthesis components, and enhances
prosthesis longevity. More particularly, tibial bearing component 12 promotes clinically
successful prosthesis function by providing a correct orientation and position of the
tibiofemoral "bearing couple” with respect to one another. The bearing couple is comprised of
femoral component 20 and tibial bearing component 12. In prosthesis 10, articular
compartments 16, 18 are fixed to tibial baseplate 14 and therefore the tibial component defines
the articular surface orientation with respect to tibia T (see, e.g., Fig. 3A). Femoral component
20, which is mounted to the distal end of the femur F, is not mechanically coupled to tibial
bearing component 12, but instead articulates therewith along an articular profile influenced by
the mating articular surfaces of tibial bearing component 12 and femoral component 20. Thus,
the placement and articular geometry of tibial bearing component 12 helps establish the lower
(distal) half of the bearing couple.

[0089] The clocking of tibial articular tracks 26, 28, in cooperation with the
asymmetric periphery of tibial baseplate 14, discourages implantation of tibial bearing
component 12 such that tracks 26, 28 are relatively internally rotated. By preventing such
internal rotation of tracks 26, 28, tibial bearing component 12 provides smooth cooperation
with the knee’s soft tissues during in vivo knee articulation by ensuring that the articular
bearing motion is properly oriented relative to the femur to deliver desired knee kinematics,
range of motion (ROM) and stability. Advantageously, this cooperation promotes decreased
material wear in tibial bearing component 12, enhanced prosthesis stability, proper knee
balance, and high ROM.

[0090] Further, the substantial coverage provided by tibial baseplate 14 and the clocked
orientation of articular tracks 26, 28 with respect thereto encourages proper rotation of tibial
bearing component 12 upon implantation. When a bone-contacting surface of a properly sized
tibial baseplate 14 is mated with a resected tibia, the asymmetric periphery thereof results in
substantial coverage of the resected proximal surface and largely controls the rotational

orientation thereof. A detailed description of the periphery of tibial baseplate 14 and the
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attendant substantial coverage of a resected proximal tibia is described in U.S. Patent
Application Publication No. 2012/0022659 filed July 22, 2011 and entitled "ASYMMETRIC
TIBIAL COMPONENTS FOR A KNEE PROSTHESIS" (Attorney Docket No. ZIM0815-01),
the entire disclosure of which is hereby expressly incorporated by reference herein. With tibial
baseplate 14 properly oriented, fixing tibial bearing component 12 thereto will set the location
and orientation of bearing component 12, which will then be automatically “clocked” in the
advantageous manner described above.

[0091] The amount of rotation or "clocking" of articular tracks 26, 28 may vary
depending on prosthesis design and/or prosthesis size (as described above). For any given
prosthesis design in a particular style and for a particular sized tibia, it is contemplated that a
second tibial bearing component 12 may be provided which defines a different magnitude of
clocking but is otherwise identical to the first tibial bearing component 12. Thus, two tibial
bearing components 12 useable with a common tibial baseplate 14 and femoral component 20
— but each with different levels of clocking — may be provided and chosen by a surgeon
preoperatively or intraoperatively. Similarly, a set of three or more tibial bearing components
12 may be provided, each sharing a common size and prosthesis design, but all having different

levels of clocking.

3. Articular Tracks: Anterior Shift of Bearing Compartment Distal-Most Points.

[0092] Referring now to Figs. 3A and 3B, medial and lateral articular compartments
16, 18 define distal-most points 42, 44, respectively. Distal-most points 42, 44 are coincident
with medial and lateral articular tracks 26, 28, respectively, and represent the distal-most points
from a sagittal perspective on articular tracks 26, 28 when tibial bearing component 12 is
implanted upon tibia T with an anteroposterior slope S of 5 degrees. Tibial baseplate 14,
having a constant thickness across its anterior/posterior extent, does not affect the value of
anteroposterior slope S. Anteroposterior slope S references a zero degree slope line 46, which
is defined by a generally transverse reference plane normal to anatomic axis At of tibia T. For
purposes of the present disclosure, proximal and distal directions are directions normal to the
reference plane (and, therefore, parallel to anatomic axis Ar after implantation of tibial
prosthesis 10).

[0093] Tibial bearing component 12 is a "high-flexion" prosthetic component, in that
the geometry and configuration of articular compartments 16, 18 cooperate with a femoral

component (e.g., femoral component 20 of Figs. 4A and 4B) to allow a large total range of
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motion. For example, a high-flexion knee prosthesis may enable a flexion range of as little as
130 degrees, 135 degrees, or 140 degrees and as large as 150 degrees, 155 degrees or 170
degrees, or may enable any level of flexion within any range defined by any of the foregoing
values. In the context of high-flexion components, enablement of high flexion refers to the
ability of a prosthesis to reach a given level of flexion by articulation of condyles 22, 24 with
articular compartments 16, 18 and without impingement of any prosthesis structures with
non-articular prosthesis surfaces. While tibial bearing component 12 enables high prosthesis
flexion as described below, it is of course appreciated that the actual level of flexion achievable
for any given patient is also dependent upon various anatomical and surgical factors.

[0094] For tibial bearing component 12, high flexion may be enabled by one or both of
two features. First, tibial bearing component 12 includes differential heights Hy, Hyy, with Hy,
less than Hy, to facilitate posterior rollback of lateral condyle 24 in deep flexion (as described
in detail below). For purposes of the present disclosure, heights Hy, Hy are measured normal
to slope line 46. When lateral condyle 24 is allowed to roll back in this manner, potential
impingement between the articular surface of condyle 24 and/or the adjacent femoral bone
against the posterior/lateral periphery of tibial bearing component 12 is avoided. Second, the
medial/posterior periphery of tibial bearing component 12 includes posterior chamfer surface
27 (disposed at the posterior periphery of medial articular compartment 16, as shown in Fig.
3A), which slopes in a posterior direction from proximal-to-distal. Chamfer 27 creates an
absence of a vertical peripheral wall immediately posterior of medial articular compartment 16,
thereby creating a corresponding space the adjacent femoral bone and/or adjacent soft tissues
in deep flexion. An exemplary embodiment of posterior/medial chamfer 27 is described in
detail in U.S. Patent Application Publication No. 2012/0101585, filed September 9, 2011 and
entitled MOTION FACILITATING TIBIAL COMPONENT FOR A KNEE PROSTHESIS
(Attorney Docket No. ZIM0815-04), the entire disclosure of which is hereby expressly
incorporated herein by reference.

[0095] High flexion is also accommodated by a differential in curvature between
medial and lateral condyles 22, 24. For example, lateral condyle 24 of femoral component 20
may have a larger radius of curvature than medial condyle 22 thereof. An exemplary femoral
component is described in U.S. Patent No. 6,770,099, filed November 19, 2002, titled
FEMORAL PROSTHESIS, the entire disclosure of which is expressly incorporated by
reference herein. During flexion and extension, the larger lateral condyle 24 of femoral

component 20 tends to travel a greater distance along lateral articular track 28 of tibial bearing

22



WO 2013/074143 PCT/US2012/035680

component 12 as compared to the smaller medial condyle 22 of femoral component 20. This
difference in distance traveled over a given range of knee flexion may be described as "big
wheel / little wheel" movement, and is a feature which enables high flexion of the knee
prosthesis by encouraging advancement of lateral condyle 24 toward the posterior edge of
lateral articular compartment 18 at high levels of flexion.

[0096] In tibial bearing component 12, medial and lateral distal-most points 42, 44 are
shifted anteriorly with respect to predicate prostheses which enable comparably high levels of
flexion, as described below. For purposes of the present disclosure, the relative
anterior/posterior location of distal-most points 42, 44 are measured by the distances APpy,
APpL of distal-most points 42, 44 from the anterior edge of the tibial prosthesis (Figs. 3A and
3B). For purposes of comparison, distances APpy, APpr, may each be expressed as a
percentage of the overall anteroposterior extent APy, APy of medial and lateral prosthesis
portions, which is inclusive of tibial bearing component 12 and tibial baseplate 14 (Figs. 1A,
3A and 3B) and is measured along the extrapolated articular tracks 26, 28 (as shown in Fig. 1A
and described herein). For example, if distal-most point 42 were located in the middle of
overall anteroposterior extent APy of medial articular compartment 16, then distal-most point
42 would be considered to be disposed at an anteroposterior location of approximately 50%. If
distal-most point 42 were located near the posterior edge of articular compartment 16, then
distal-most point would be near a 100% anteroposterior location. Conversely, if distal-most
point 42 were located near the anterior edge of articular compartment 16, the distal-most point
42 would be near a 0% anteroposterior location.

[0097] For purposes of the present disclosure, medial anterior/posterior extent APy
(Fig. 1A) of the medial portion of tibial baseplate 14 is found by extrapolating medial articular
track 26 anteriorly and posteriorly to intersect the periphery of baseplate 14 (in similar fashion
to the intersection points used to define posterior line 34 described above), then measuring the
distance between the resulting medial posterior and anterior intersection points. Similarly,
lateral anterior/posterior extent APy, (Fig. 1A) of the lateral portion of tibial baseplate 14 is
found by extrapolating the linear anterior portion of lateral articular track 28 anteriorly and
posteriorly to intersect the periphery of baseplate 14, then measuring the distance between the
resulting lateral posterior and anterior intersection points.

[0098] Turning to Fig. 3E, a graphical representation of the anterior/posterior position
of medial distal-most point 42 (Fig. 3A) is illustrated as compared to predicate high-flexion and

non-high-flexion prostheses. In tibial bearing component 12, the anterior/posterior position of
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medial distal-most point 42 (Fig. 3A) is in the range of 59% to 63% when implanted at an
anterior/posterior slope S equal to 5 degrees. By comparison, one prior art high-flexion device
is the Zimmer Natural Knee Flex Ultracongruent Tibial Bearing Component, which places its
corresponding medial distal-most point in the range of 67% and 70% when implanted at a slope
angle S of 5 degrees. Thus, the prior art Zimmer Natural Knee Flex Ultracongruent Tibial
Bearing Component defines medial low points which are consistently posterior of medial
distal-most point 42. On the other hand, the prior art Zimmer Natural Knee II Ultracongruent
Tibial Bearing Component places its corresponding medial distal-most point between 63% and
68% when implanted at a slope angle S of 5 degrees, but the Zimmer Natural Knee 11
Ultracongruent Tibial Bearing Component does not enable high flexion at least up to 130
degrees.

[0099] As for lateral compartment 18 (Figs. 3B and 3F) of'tibial bearing component 12,
distal-most point 44 has an anterior/posterior position of between 68% and 74%. The prior art
high-flexion design, the Zimmer Natural Knee Flex Ultracongruent Tibial Bearing Component
mentioned above, places such lateral distal-most points at between 70% and 73% when
implanted at a slope angle S of 5 degrees. The non-high-flexion prior art design, the Zimmer
Natural Knee II Ultracongruent Tibial Bearing Component mentioned above, places its
distal-most point at between 66% and 70.5% when implanted at a slope angle S of 5 degrees.
[0100] Thus, the present ultracongruent prosthesis, as exemplified by tibial bearing
component 12, blends a high-flexion design enabling at least 130 degrees of knee flexion with
low points that are relatively further anterior as compared to prior art ultracongruent
prostheses. Advantageously, this anterior low-point shift discourages "paradoxical
movement," or movement between the femur and tibia in an opposite pattern from normal
articulation. For example, the anterior shift of distal-most points 42, 44 inhibits anterior sliding
of femoral component 20 with respect to tibial bearing component 12 when the knee is
articulating from extension toward early flexion. Such early-flexion articulation is normally
accompanied by a slight posterior shift in the contact points between condyles 22, 24 of
femoral component 20 and articular compartments 16, 18 of tibial bearing component 12. This
posterior shift is facilitated — and a paradoxical anterior shift is inhibited — by the relative
anterior positioning of distal-most points 42, 44. Meanwhile, the potential of high-flexion
articulation is preserved by the high-flexion features incorporated into tibial bearing

component 12, as described in detail herein.
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[0101] The above discussion regarding anterior shift of articular surface low points
refers to exemplary ultracongruent (UC) type tibial bearing components. However, such
anterior shift may be applied to tibial bearing components of other designs, such as

cruciate-retaining (CR) and posterior-stabilized (PS) designs.

4. Articular Features: Differential Conformity in Medial/Lateral Articular

Compartments.
[0102] Referring now to Figs. 4A-4C, femoral component 220 and tibial bearing

component 212 are shown. For purposes of the following discussion, femoral component 20
and tibial bearing component 12 will be described in the context of Figs. 4A-4C, it being
appreciated that any potential prosthesis design (e.g., PS, UC and CR type femoral
components) may each include the present described features as noted above.

[0103] Femoral component 20 cooperates with tibial bearing component 12 to provide
relatively low conformity between lateral condyle 24 and lateral articular compartment 18, and
relatively high conformity between medial condyle 22 and medial articular compartment 16.
[0104] A convex surface may be considered to be highly conforming with a
corresponding concave surface where the two surfaces have similar or identical convex and
concave geometries, such that the convex surface "nests" or tightly interfits with the concave
surface. For example, a hemisphere having a radius perfectly conforms (i.e., defines high
conformity) with a corresponding hemispherical cavity having the same radius. Conversely,
the hemisphere would have no conformity with an adjacent flat or convex surface.

[0105] Femoral condyles 22, 24 define a coronal conformity with tibial articular
compartments 16, 18, respectively, as shown in Fig. 4A. Similarly, femoral condyles 22, 24
define sagittal conformity with the corresponding articular compartments 16, 18, respectively,
as shown in Fig. 4B. Thus, medial condyle 22 cooperates with medial articular compartment
16 to define a medial conformity comprised of both a medial sagittal conformity and a medial
coronal conformity. Similarly, lateral femoral condyle 24 cooperates with lateral articular
compartment 18 to define a lateral conformity comprised of the lateral sagittal conformity and
lateral coronal conformity. Although only a single prosthesis is shown in Figs. 4A-4C, it is
contemplated that conformity may be similarly defined across a range of prosthesis sizes
within a particular prosthesis design.

[0106] For purposes of the present disclosure, any given component of conformity is

defined as a ratio of two radii. Referring to Fig. 4A, a lateral coronal conformity is defined by
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the ratio of the coronal radius of lateral articular compartment 18 of tibial bearing component
12 along lateral articular track 28, which is illustrated as radius Rerp, (where CTL stands for
coronal, tibial, lateral) to the corresponding coronal radius of lateral condyle 24 of femoral
component 20, illustrated as radius Repr (where CFL denotes coronal, femoral, lateral). The
conformity defined by Rerr: Repr is @ number greater than 1, because femoral condyle 24 is
designed to fit within lateral articular compartment 18 to define point contact therewith, as
described in detail above.

[0107] Similarly, medial coronal conformity is defined by the ratio Rerm:Rerm (Where
M denotes medial). Sagittal conformity between lateral condyle 24 and lateral articular
compartment 18 is defined as the ratio Rstr:Rspr, (Fig. 4B, where S denotes sagittal, F denotes
femoral, T denotes tibia, and L denotes lateral). Medial condyle 22 defines sagittal conformity
with medial articular compartment 16 in a similar fashion, as Rgrym:Rspm (Fig. 4C). In
exemplary embodiments ultra-congruent type prostheses, lateral sagittal conformity ratio
Rs11:Rspr, may be between 1.0 and 1.7, and medial sagittal conformity ratio Rgryv:Rspv may be
between 1.0 and 1.9, with lateral ratio R :Rspr, greater than medial ratio Rgry:Rspum by at least
0.2 through at least a portion of the flexion range. In exemplary embodiments of
posterior-stabilized type prostheses, lateral sagittal conformity ratio Rgyr:Rgpr, may be between
1.4 and 1.8, and medial sagittal conformity ratio Rgrym:Rspm may be between 1.0 and 1.8, with
lateral ratio Rgyr:Rgpr, greater than medial ratio Rgrym:Rspum by at least 0.4 through at least a
portion of the flexion range. In exemplary embodiments of cruciate-retaining type prostheses,
lateral sagittal conformity ratio Rgrr:Rgrr, may be between 1.1 and 2.6, and medial sagittal
conformity ratio Rgrym:Rspm may be between 1.1 and 2.2, with lateral ratio Rgrp:Rspy, greater
than medial ratio Rstm:Rspm by at least 0.5 through at least a portion of the flexion range.
[0108] Predicate devices have defined varying levels of medial and lateral conformity
between the femoral condyles thereof and the corresponding tibial articular compartments.
Generally speaking, in the case of tibial bearing component 12 and femoral component 20, the
lateral conformity (defined by ratios Rgrr.:Rspr, and Rerr: Repr) is approximately equal to the
lowest lateral conformity defined by the predicate devices, while the medial conformity
(defined by ratios Rsrm:Rspv and Rerv:Repnm) 1s approximately equal to the highest medial

conformity defined by predicate devices.

5. Articular Features: Low Barrier to Femoral Rollback in Posterior/Lateral

Articular Compartment.
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[0109] As used herein, "jump height" refers to the proximal/distal distance that a
portion of femoral component 20 must traverse to sublux from the tibial bearing component 12.
Referring to Figs. 3A and 3B, medial and lateral articular compartments 16, 18 of tibial bearing
component 12 are shown in cross-section to illustrate the location of distal-most points 42, 44.
The vertical distance between respective distal-most points 42, 44 (Figs. 3A, 3B) on the
articular surface of tibial bearing component 12 to the highest point at the edge of such articular
surface is the jump height of tibial bearing component 12. Referring to Fig. 3A, medial femoral
condyle 22 (Fig. 2) would have to move proximally by a distance Hy to move the contact point
between condyle 22 and medial compartment 16 from distal-most point 42 to the highest point
along the posterior edge of medial compartment 16. For purposes of the present disclosure,
such “highest point” is the point at which a posterior extrapolation of medial articular track 26
reaches its proximal peak as the extrapolated line advances toward the posterior edge of the
tibial bearing periphery.

[0110] Thus, Hy may be referred to as the posterior jump height established by the
particular curvature and geometry of medial articular compartment 16. Jump height Hy is
designed to provide an appropriately low barrier to desired posterior translation of the contact
point between medial condyle 22 and medial compartment 16 along medial articular track 26,
while also being sufficiently high to ensure that condyle 22 remains safely engaged with
articular compartment 16 throughout the range of flexion provided by the knee prosthesis.
[0111] Referring to Fig. 3B, lateral jump height Hy is lower than medial jump height
Hwm. Advantageously, setting Hy. lower than Hy facilitates femoral rollback by presenting a
relatively lower barrier to lateral condyle 24 to traverse the posterior arcuate portion 30 of
lateral articular track 28 when the knee prosthesis is in deep flexion. In an exemplary
embodiment, the height differential between lateral and medial jump heights Hy, Hy are
between 0.4 mm and 2.3 mm, which has been found to be an ideal range in order to facilitate
femoral rollback while maintaining appropriate barrier to subluxation in both medial and
lateral compartments 16, 18.

[0112] For example, Fig. 3C illustrates the height differential between jump heights
Hy, Hy for eleven sizes of a posterior-stabilized tibial component design in accordance with the
present disclosure, when such posterior-stabilized components are implanted with a tibial slope
angle S (Figs. 3A and 3B) of 3 degrees. As shown in Fig. 3C, the jump height differential
ranges from 1.15 mm in the smallest prosthesis size, then trends generally downwardly to a

minimum of 0.45 mm for the seventh of 11 sizes. In other exemplary embodiments, the jump
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height differential may be as large as 2.68 mm. It is contemplated that a jump height
differential up to 3 mm may be used with prostheses according to the present disclosure.
[0113] Fig. 3D graphically depicts the jump height differentials between jump heights
Hiy, Hy for seven sizes of an ultra-congruent tibial component design in accordance with the
present disclosure, when such ultra-congruent components are implanted with a tibial slope
angle S (Figs. 3A and 3B) of 5 degrees. As illustrated, the jump height differential ranges from
2.25 mm in the smallest prosthesis size, then trends generally downwardly to a minimum of
0.56 mm for the largest of the seven sizes. By comparison, jump height differential for the
above-mentioned prior art high-flexion prosthesis, i.e., the Zimmer Natural Knee Flex
Ultracongruent Tibial Bearing Component discussed above, range from 0.09 mm to 0.39 mm.
For non-high-flexion prior art designs, such as the Zimmer Natural Knee II Ultracongruent
Tibial Bearing Component discussed above, the jump height differential ranges from 0.22 mm
to 0.88 mm.

[0114] Similar to the trending of clocking angle a (Fig. 1A) described in detail above, a
majority of prosthesis sizes represented by Figs. 3C and 3D experience a decrease in jump
height differential from smaller to larger sizes, and an overall substantial decrease is exhibited
in the difference between the smallest and largest sizes. Therefore, it may be said that the trend
in jump height differential for posterior-stabilized and ultra-congruent tibial bearing
components made in accordance with the present disclosure is generally downward across the

range of sizes.

6. Articular Features: Proeressively Angled Posterior Spine Surface.

[0115] Turning now to Fig. SA, spine 38 of tibial bearing component 12 defines
posterior articular surface 48, which is designed to articulate with femoral cam 40 (Fig. 2) of
femoral component 20 during prosthesis articulation, and particularly in mid- and deep flexion.
As described in detail below, posterior articular surface 48 defines a progressively angled
surface from a proximal, symmetric beginning to an angled distal end. This progressive
angling accommodates external rotation of femoral component 20 in deep flexion.

[0116] In use, initial contact line 50 represents the line of contact between femoral cam
40 and posterior surface 48 when femoral cam 40 initially contacts spine 38 during flexion,
while deep flexion contact line 52 represents the line of contact therebetween when femoral
cam 40 has moved posteriorly down posterior surface 48 to a deep flexion orientation. The

total distance traversed by femoral cam 40 along posterior surface 48 is referred to as the
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articular extent of posterior surface 48 as measured along a proximal/distal direction. In Fig.
SA, this articular extent may be represented as the distance from initial contact line 50 to
deep-flexion contact line 52. In an exemplary embodiment, the articular extent of posterior
surface 48 may be as little as 2 mm, 3 mm or 5 mm and as large as 10 mm, 15 mm or 20 mm, or
may be any value within any range defined by any of the foregoing values.

[0117] For purposes of the present disclosure, spine 38 is considered to be bisected by a
sagittal plane into medial and lateral halves, such that a posterior spine centerline is formed
along the intersection between the bisecting sagittal plane and posterior surface 48. Posterior
surface 48 defines a series of medial/lateral tangent lines, each of which is tangent to posterior
surface 48 at the spine centerline. For purposes of illustration, a medial/lateral tangent line at
the proximal end of posterior articular surface 48 is illustrated as initial contact line 50 in Fig.
SA, while a medial/lateral tangent line at the distal end thereof is illustrated as deep flexion
contact line 52. In normal articulation, initial contact line 50 will be coincident with the
proximal-most medial/lateral tangent line and deep-flexion contact line 52 will be coincident
with the distal-most medial/lateral tangent line, as shown in Fig. SA and described herein.
However, it is appreciated that a certain amount of variation from the designed articular profile
of a prosthesis is normal for in vivo prosthesis articulation. Therefore, the actual lines of
contact between femoral cam 40 and posterior surface 48 during prosthesis use may deviate
slightly from the intended medial/lateral tangent lines. For purposes of the present disclosure,
prosthesis characteristics such as contact lines 50, 52 are described solely in terms of the
designed articular profile of the prosthesis when tibial and femoral components 12, 20 are
articulated through their nominal range of motion.

[0118] As illustrated in Fig. S5A, contact lines 50 and 52 are not parallel, with contact
line 50 running medially/laterally along a direction parallel to a coronal plane, and contact line
52 oblique to the coronal plane such that line 52 advances posteriorly as it extends laterally
(and, concomitantly, also advances anteriorly as it extends medially). Both of lines 50, 52 are
parallel to the transverse plane, such that the angle formed between lines 50, 52 is solely with
respect to the coronal plane. In an exemplary embodiment, the angle formed between initial
contact line 50 and deep-flexion contact line 52 may be as large as 3 degrees. However, it is
contemplated that other exemplary embodiments may form such angle at 7 degrees, and that an
angle up to 10 degrees may be used in some instances.

[0119] Turning to Fig. 5B, a cross-section of the medial portion of spine 38 is shown.

Posterior articular surface 48 defines medial surface line 48A, extending between initial
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contact line 50 and deep flexion contact line 52. As described in detail below, if posterior
articular surface 48 defined articular surface line 48A across the medial/lateral extent of spine
38, spine 38 would be symmetric and external femoral rotation in deep flexion would not be
accommodated in the manner provided by the asymmetric spine 38 of the present disclosure.
[0120] Turning to Fig. 5C, a cross-section medially/laterally bisecting spine 38 is
shown. Articular surface line 48B is defined by posterior articular surface 48 at this
cross-section, and is shown juxtaposed against a hidden line representing articular surface line
48A from Fig. 5B. As illustrated in Fig. 5C, lines 48A and 48B both extend from a common
proximal point along initial contact line 50. However, the distal point of line 48B (along deep
flexion contact line 52) has moved posteriorly with respect to the distal end of line 48A. This
posterior movement reflects a progressively increasing material buildup along the base or
distal end of posterior articular surface 48, such that this base is increasingly "augmented” by
additional spine material as the deep flexion contact line 52 traverses from medial to lateral.
Stated another way, spine 38 is effectively thicker in the region of contact line 52 at the
bisecting cross-section of Fig. 5C as compared to the medially-biased cross-section of Fig. 5B.
[0121] Turning to Fig. 5D, it can be seen that the process of material thickening or
augmentation described above with respect to Fig. 5C has grown and further intensified. Thus,
while line 48C still originates from a common proximal point with lines 48A, 48B along initial
contact line 50, the distal end of line 48C along deep flexion contact line 52 has moved further
posteriorly with respect to line 48A. Thus, at the lateral edge of posterior articular surface 48,
the base of spine 38 is thicker still.

[0122] In effect, the changing geometry of posterior articular surface 48 of spine 38
from medial to lateral has the effect of imparting an angled appearance to the distal,
deep-flexion portion of posterior articular surface 48. The remainder of spine 38 is generally
symmetrical about the sagittal plane, as illustrated in Fig. SA. As femoral cam 40 traverses
posterior articular surface 48 from the initial contact line 50 in mid flexion to the deep flexion
contact line 52 in deep flexion, the angle of the surface encountered by femoral cam 40
changes, thereby changing the angle of the medial/lateral tangent lines described above with
respect to the coronal plane. In an exemplary embodiment, the initial transition from
non-angled contact lines (e.g., initial contact line 50) to angled contact lines (e.g., deep-flexion
contact line 52) is spaced from a proximal terminus of posterior surface 48 by a distance of
between 0% and 100% of the total proximal/distal extent of posterior articular surface 48 (i.c.,

the transition may occur immediately or at the very end of the flexion range, or anywhere in
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between). For purposes of the present disclosure, the proximal/distal extent of posterior
articular surface 48 is the total distance traversed by femoral cam 40 throughout the range of
flexion motion. In the illustrative embodiment of Fig. SA, this total proximal/distal articular
extent of posterior articular surface 48 (i.e., the distance between a proximal start point and a
distal end point) may be as little as 2 mm, 3 mm or 4 mm and as large as 17 mm, 18.5 mm or 20
mm, or may be any value within any range defined by any of the foregoing values. The
proximal end point coincides with an initial contact between cam 40 and posterior articular
surface 48 at a prosthesis flexion of between 75 degrees flexion and 93 degrees flexion, while
the distal end point is at a final contact between cam 40 and posterior articular surface 48 at a
prosthesis flexion of 155 degrees.

[0123] Advantageously, the extent of the angling of posterior articular surface 48
changes with changing levels of flexion. More particularly, the angle grows by an amount
corresponding to the expected increase in external rotation of femoral component 20 as flexion
progresses, thereby ensuring that line contact is made between femoral cam 40 and posterior
articular surface 48 throughout the range of flexion of prosthesis 10. In an exemplary
embodiment, a maximum external rotation of femoral component 20 occurs between 120
degrees flexion and 155 degrees flexion.

[0124] In contrast, if the posterior surface 48 of spine 38 had no angled surface portions
(i.e., if initial contact line 50 were parallel to deep flexion contact line 52) femoral cam 40
would transition from line contact along initial contact line 50 to an increasingly point-like
contact near the medial edge of posterior articular surface 48.

[0125] In the exemplary embodiment illustrated in the figures, femoral cam 40 is
symmetrical in nature, such that accommodation of deep flexion external rotation without
diminishment of cam/spine contact area is accomplished solely through the above described
lateral augmentation of posterior articular surface 48 at the distal base of spine 38. Femoral
cam 40 is described in detail in: U.S. Provisional Patent Application Serial No. 61/561,658,
filed on November 18, 2011 and entitled FEMORAL COMPONENT FOR A KNEE
PROSTHESIS WITH IMPROVED ARTICULAR CHARACTERISTICS (Attorney Docket:
ZIM0915); U.S. Provisional Patent Application Serial No. 61/579,873, filed on December 23,
2011 and entitled FEMORAL COMPONENT FOR A KNEE PROSTHESIS WITH
IMPROVED ARTICULAR CHARACTERISTICS (Attorney Docket: ZIM0915-01); U.S.
Provisional Patent Application Serial No. 61/592,575 filed on January 30, 2012 and entitled
FEMORAL COMPONENT FOR A KNEE PROSTHESIS WITH IMPROVED ARTICULAR
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CHARACTERISTICS (Attorney Docket: ZIM0915-02); U.S. Provisional Patent Application
Serial No. 61/594,113 filed on February 2, 2012 and entitled FEMORAL COMPONENT FOR
A KNEE PROSTHESIS WITH IMPROVED ARTICULAR CHARACTERISTICS (Attorney
Docket: ZIM0915-03); U.S. Provisional Patent Application Serial No. 61/621,370 filed on
April 6, 2012 and entitled FEMORAL COMPONENT FOR A KNEE PROSTHESIS WITH
IMPROVED ARTICULAR CHARACTERISTICS (Attorney Docket: ZIM0915-04); U.S.
Provisional Patent Application Serial No. 61/621,372, filed on April 6, 2012 and entitled
FEMORAL COMPONENT FOR A KNEE PROSTHESIS WITH IMPROVED ARTICULAR
CHARACTERISTICS (Attorney Docket: ZIM0915-05); U.S. Provisional Patent Application
Serial No. 61/621,373, filed on April 6, 2012 and entitled FEMORAL COMPONENT FOR A
KNEE PROSTHESIS WITH IMPROVED ARTICULAR CHARACTERISTICS (Attorney
Docket: ZIM0915-06); U.S. Patent Application Serial No. / , | filed on even date
herewith and entitled FEMORAL COMPONENT FOR A KNEE PROSTHESIS WITH
IMPROVED ARTICULAR CHARACTERISTICS (Attorney Docket: ZIM0915-07); U.S.
Patent Application Serial No. _/ , | filed on even date herewith and entitled FEMORAL
COMPONENT FOR A KNEE PROSTHESIS WITH IMPROVED ARTICULAR
CHARACTERISTICS (Attorney Docket: ZIM0915-08); and in U.S. Patent Application Serial
No. / , , filed on even date herewith and entitted FEMORAL COMPONENT FOR A
KNEE PROSTHESIS WITH IMPROVED ARTICULAR CHARACTERISTICS (Attorney
Docket: ZIM0915-09). The entire disclosures of each of the above-identified patent

applications are hereby expressly incorporated herein by reference.

7. Articular Features: Posterior Eminence Providing Medial/Lateral Stability

While Also Accommodating Hyperextension.

[0126] As noted above, Figs. 6A and 6B illustrate an ultra congruent (UC) type tibial
bearing component 112 designed for use with femoral component 120 lacking the femoral cam
40 found on femoral component 20 (Fig. 2). As also noted above, ultra congruent tibial bearing
components such as component 112 lack spine 38 found on bearing component 12. Tibial
bearing component 112 and femoral component 120 are otherwise substantially similar to
tibial bearing component 12 and femoral component 20 described above, with reference
numerals of components 112 and 120 analogous to the reference numerals used in components
12 and 20 respectively, except with 100 added thereto. Structures of tibial bearing component

112 and femoral component 120 correspond to similar structures denoted by corresponding
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reference numerals of tibial bearing component 12 and femoral component 20, except as
otherwise noted. In one exemplary embodiment, femoral component 120 is similar or identical
to cruciate-retaining (CR) femoral component 220 (Figs. 4A and 4B).

[0127] In order to provide some medial/lateral constraint of femoral component 20,
particularly in extension and early flexion configurations, posterior eminence 138 may be
provided. As shown in Fig. 6A, femoral component 120 includes intercondylar notch 154
which, when in an extension orientation as shown, defines a width which provides minimal
medial lateral clearance with posterior eminence 138. Thus, any forces tending to urge femoral
component 120 medially or laterally upon the proximal articular surface of tibial bearing
component 112 encounter resistance as the inwardly facing lateral and medial sidewalls 1551,
155u of intercondylar notch 154 engage the lateral and medial sidewall portions 158, 158y of
sidewall 158 of posterior eminence 138.

[0128] As best seen in Fig. 6A, anterior portion 1584 of sidewall 158 of posterior
eminence 138 is generally arcuate and defines radius Rga, thereby corresponding in shape to
the inwardly facing anterior wall 155, defining radius Rya which joins lateral and medial
sidewalls 155, 155y to form intercondylar notch 154. In an exemplary embodiment, radius
Rga 1s defined at the outer periphery of proximal surface 156, i.e., at the point where the
planarity of proximal surface 156 gives way to the distally sloping profile of sidewall 158.
Similarly, radius Rya of anterior wall 1554 is measured at that portion of anterior wall 1554
which is complimentary to radius Rga when femoral component 120 is seated upon tibial
bearing component 112 in an extension orientation.

[0129] Thus, posterior eminence 138 and intercondylar notch 154 interfit with one
another when femoral component 120 is in the extension orientation as shown. In an
exemplary embodiment, radius Rga may be 4 mm and radius Rys may be 6 mm, such that a
minimal clearance is provided between posterior eminence 138 and intercondylar notch 154 in
the fully extended position of Fig. 6A.

[0130] Further, as best seen in Fig. 6B, the transition from proximal surface 156 to
sidewall 158 is gradual and sloped, such that every potentially articular portion of posterior
eminence defines a radius of at least 1 mm, including the sagittal/coronal radii Rsc1, Rse
defined by sidewall 158. Radii Rgci, Rser are shown denoted only in the sagittal perspective in
Fig. 6D, it being understood that radii Rgc;, Rses also extend around lateral and medial sidewall
portions 158;, 158y. Thus, radii Rgcy, Rscr extend around the medial, anterior and lateral

portions of sidewall 158, thereby forming the gradual rounded transition between proximal
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surface 156 to the surrounding articular surfaces of ultracongruent tibial bearing component
112. Stated another way, any section plane perpendicular to a transverse plane (e.g., the
transverse and coronal planes) taken through any of lateral, medial and anterior sidewall
portions 158;, 158y, 158, of sidewall 158 will define radii greater than 1 mm at such sidewall
portions 158;, 158y, 1584, such as radii Rgcy, Rsca. The posterior face of posterior eminence
138, which forms a portion of peripheral sidewall 172 of tibial bearing component 112, is not
designed for articulation with any structure as femoral component 120 lacks any structure
bridging the gap between medial and lateral condyles 122, 124 (such as, for example, femoral
cam 40 of posterior-stabilized femoral component 20).

[0131] When femoral component 120 enters a hyperextension configuration (i.e., when
knee prosthesis 110 is articulated beyond full extension to a "backwards bend" of the knee),
intercondylar notch 154 ascends the anterior portion of sidewall 158, gradually “beaching” or
transitioning into contact between the patello-femoral groove adjacent intercondylar notch 154
and the medial and lateral portions of sidewall 158 over proximal surface 156. In an exemplary
embodiment, such transition is designed to occur at 3.5 degrees of hyperextension (i.e.,
minus-3.5 degrees flexion), though other exemplary embodiments may experience the
transition as high as 7 or 10 degrees of hyperextension. As shown in Fig. 6D, the level of
hyperextension is controlled by the distance between anterior wall 1554 of intercondylar notch
134 and anterior portion 158, of sidewall 158 in extension (as shown in Fig. 6D). This distance
can be made smaller for an earlier engagement and larger for a later engagement.

[0132] The hyperextension “beaching” transition is further aided by the
complementary angular arrangement of lateral and medial sidewalls 155, 155y of
intercondylar notch 154 as compared to lateral and medial sidewall portions 1581, 158y of
posterior eminence 138. More particularly, Fig. 6A illustrates that angles pr, pr are formed by
sidewalls 1551, 155y and 158y, 158y of intercondylar notch 154 and posterior eminence 138,
respectively, and are both arranged to converge anterior of posterior eminence 138 as shown.
In the illustrative embodiment of Fig. 6A, angles ug, ur are measured in a transverse plane with
femoral component 120 seated upon tibial bearing component 112 in an extension orientation.
Angles g, pur are large enough to guide and center femoral component 120 into engagement
with posterior eminence 138 during hyperextension, but are small enough so that interaction
between intercondylar notch 154 and posterior eminence 138 provides effective medial/lateral
stability in extension and early flexion. In an exemplary embodiment, angle pr, is 21.5 degrees

and angle pr ranges from 21 degrees to 23 degrees through a range of prosthesis sizes.
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However, it is contemplated that angles ug, ur would accomplish their dual roles of
medial/lateral stability and hyperextension accommodation at any angle between 15 degrees
and 30 degrees.

[0133] The distal portion of the patellofemoral groove or sulcus, which coincides with
and gradually transitions into the anterior terminus of intercondylar notch 154, also has a shape
which matches the profile of lateral and medial portions 158, 158y of sidewall 158.
Advantageously, this matching shape and volume between intercondylar notch 154 and
posterior eminence 138 cooperates with the gently sloped sidewall 158 to accommodate
hyperextension by minimizing the abruptness of impact therebetween. Because
hyperextension interaction is spread over a large area, potential abrasion of posterior eminence
138 by such interaction is also minimized, thereby potentially extending the service life of
posterior eminence 138 and, ultimately, of tibial bearing component 112 in patients with
hyperextending knees.

[0134] By contrast, the prior art Zimmer Natural Knee Flex Ultracongruent knee
prosthesis, available from Zimmer, Inc. of Warsaw, Indiana includes prior art tibial bearing
component 112A having posterior eminence 138A having areas which define a radius of less
than 1 mm, as shown in Fig. 6E. The angle formed between lateral and medial sidewall
portions 158A1, 158Ay of posterior eminence 138A is substantially less than angle ur defined
by posterior eminence 138. More particularly, the prior art angle is 9-12 degrees, while angle
u is between 21 and 23 degrees as noted above. Further, the intercondylar walls of the prior
art femoral component designed for use with prior art tibial bearing component 112A (not
shown) has parallel intercondylar walls, i.e., no angle is formed between the intercondylar
walls. Moreover, the distance between posterior eminence 138A and the anterior edge of the
intercondylar notch of the prior art femoral component is larger than the corresponding
distance defined by eminence 138 and anterior wall 1554 of the intercondylar notch of femoral
component 120 (Fig. 6D), such that the prior art Zimmer Natural Knee Flex Ultracongruent
knee prosthesis lacks the capability for hyperextension "beaching” as described above.

[0135] Turning back to Fig. 6C, medial/lateral stability is provided by the sloped
surface provided by sidewall 158, and more particularly the height Hg, of proximal surface 156
over distal-most points 142, 144, of medial and lateral articular compartments 116, 118.
However, such stability is primarily desired for early flexion and is not needed in deeper levels
of flexion. Accordingly, posterior eminence 138 is sized and shaped to cooperate with

intercondylar notch 154 to provide steadily decreasing levels of medial/lateral constraint
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starting from a maximum at full extension and transition to a minimum at 90 degrees flexion,
after which such constraint is no longer needed.

[0136] More particularly, as illustrated in Fig. 6A, lateral and medial sidewalls 155;,
155u of intercondylar notch 154 diverge posteriorly from the anterior terminus of notch 154 (at
anterior wall 155,4), such that the effective width between lateral and medial sidewalls 155,
155y becomes steadily greater than posterior eminence 138 as flexion progresses. Thus,
additional medial/lateral space between posterior eminence 138 and intercondylar notch
becomes available as prosthesis 110 is transitioned into deeper flexion. An exemplary femoral
component with such a divergent intercondylar notch is described in: U.S. Provisional Patent
Application Serial No. 61/561,658, filed on November 18, 2011 and entitled FEMORAL
COMPONENT FOR A KNEE PROSTHESIS WITH IMPROVED ARTICULAR
CHARACTERISTICS (Attorney Docket: ZIM0915); U.S. Provisional Patent Application
Serial No. 61/579,873, filed on December 23, 2011 and entitled FEMORAL COMPONENT
FOR A KNEE PROSTHESIS WITH IMPROVED ARTICULAR CHARACTERISTICS
(Attorney Docket: ZIM0915-01); U.S. Provisional Patent Application Serial No. 61/592,575
filed on January 30, 2012 and entitled FEMORAL COMPONENT FOR A KNEE
PROSTHESIS WITH IMPROVED ARTICULAR CHARACTERISTICS (Attorney Docket:
ZIM0915-02); U.S. Provisional Patent Application Serial No. 61/594,113 filed on February 2,
2012 and entitled FEMORAL COMPONENT FOR A KNEE PROSTHESIS WITH
IMPROVED ARTICULAR CHARACTERISTICS (Attorney Docket: ZIM0915-03); U.S.
Provisional Patent Application Serial No. 61/621,370 filed on April 6, 2012 and entitled
FEMORAL COMPONENT FOR A KNEE PROSTHESIS WITH IMPROVED ARTICULAR
CHARACTERISTICS (Attorney Docket: ZIM0915-04); U.S. Provisional Patent Application
Serial No. 61/621,372, filed on April 6, 2012 and entitled FEMORAL COMPONENT FOR A
KNEE PROSTHESIS WITH IMPROVED ARTICULAR CHARACTERISTICS (Attorney
Docket: ZIM0915-05); U.S. Provisional Patent Application Serial No. 61/621,373, filed on
April 6, 2012 and entitled FEMORAL COMPONENT FOR A KNEE PROSTHESIS WITH
IMPROVED ARTICULAR CHARACTERISTICS (Attorney Docket: ZIM0915-06); U.S.
Patent Application Serial No. _/ , | filed on even date herewith and entitled FEMORAL
COMPONENT FOR A KNEE PROSTHESIS WITH IMPROVED ARTICULAR
CHARACTERISTICS (Attorney Docket: ZIM0915-07); U.S. Patent Application Serial No.
_/__, , filed on even date herewith and entitled FEMORAL COMPONENT FOR A
KNEE PROSTHESIS WITH IMPROVED ARTICULAR CHARACTERISTICS (Attorney
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Docket: ZIM0915-08); and in U.S. Patent Application Serial No. /. | filed on even
date herewith and entitted FEMORAL COMPONENT FOR A KNEE PROSTHESIS WITH
IMPROVED ARTICULAR CHARACTERISTICS (Attorney Docket: ZIM0915-09). The
entire disclosures of each of the above-identified patent applications are hereby expressly
incorporated herein by reference.

[0137] Posterior eminence 138 has a limited anterior/posterior extent which also
operates to effect disengagement of posterior eminence 138 from intercondylar notch 154 at a
desired level of prosthesis flexion, as described in detail below.

[0138] Thus, advantageously, posterior eminence 138 is shaped to cooperate with
intercondylar notch 154 to be functional only where its medial/lateral stability function is
desired, and to avoid interaction with intercondylar notch 154 where such function is no longer
required. As compared to predicate posterior eminences, posterior eminence 138 accomplishes
this balance by having a rounded shape that is complementary to intercondylar notch 154 of
femoral component 120 as described above. For example, the prior art Natural Knee Flex
Ultracongruent knee prosthesis, available from Zimmer, Inc. of Warsaw, Indiana, includes a
tibial bearing component 112A (Fig. 6E) having a posterior eminence 138 A which does not
“interfit” with the corresponding femoral component in the manner described above.

[0139] In the illustrated embodiment of Fig. 6C, proximal surface 156 is substantially
flat and/or planar and rises above distal-most points 144, 142 by a height Hg. In an exemplary
embodiment, height Hg is between 3.8 mm and 5.5 mm. However, it is contemplated that
height Hg may be as high as 10 mm, provided that anterior wall 1554 is appropriately angled so
as to prevent presentation of a non-ramped surface to anterior portion 1584 of sidewall 158 of
femoral intercondylar notch 154 during hyperextension.

[0140] By contrast, a traditional "cruciate retaining” tibial bearing component 212
(Figs. 7A and 7B, described herein) includes intercompartmental eminence 238 which defines
a reduced height Hg' and is not flat or planar in its proximal surface. In an exemplary
embodiment, height Hg' of intercompartmental eminence is between 3.7 mm and 5.2 mm
across a family of prosthesis sizes, but may have an alternative range of 2.0 mm - 5.5 mm in
some embodiments.

[0141] Further, posterior eminence 138 is distinguished from spine 38 of
posterior-stabilized tibial bearing component (Fig. 5A) in that posterior eminence 138 is

substantially shorter and defines a posterior surface that is non-articular. In an exemplary
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embodiment, for example, spine 38 protrudes proximally from the surrounding articular
surface by at least 21 mm.

[0142] It is contemplated that posterior eminence 138 may define an increased height
Hg", and may include a rounded proximal surface 156' within the scope of the present
disclosure. More particularly, increased height Hg" and rounded proximal surface 156' may be
sized and shaped to match the distal end of the patellofemoral groove of femoral component
120, such that sidewalls 158" and proximal surface 156" make continuous contact around the
adjacent periphery of the patellofemoral groove in hyperextension. Advantageously, this
full-area contact may further reduce the contact pressures and impact magnitude experienced
by posterior eminence 138 when femoral component 120 is hyperextended.

[0143] Posterior eminence 138 defines an anterior/posterior extent APpg, which may be
expressed in absolute terms or as a percentage of the corresponding overall anterior/posterior
extent APyc of ultracongruent tibial bearing component 112. For purposes of the present
disclosure, anterior/posterior extent APyc is measured at the same medial/lateral position as a
sagittal plane bisecting posterior eminence 138. Across an exemplary range of sizes of tibial
bearing component 112, anterior/posterior extent APpg of posterior eminence 138 may be as
little as 5 mm, 6 mm or 7 mm, and as much as 11 mm, 13 mm or 15 mm, or may be any value
within any range defined by any of the foregoing values. This range of anterior/posterior
extents APpg correspond to a range of percentages of overall anterior/posterior extent APy for
the respective sizes of tibial bearing component 112 that is as little as 10% or 18.7% and as
much as 20.5% or 30%, or any percentage within any range defined by any of the foregoing

values.

8. Soft Tissue Accommodation: Anterior/Lateral Relief Scallop.

[0144] Referring back to Fig. 7B, an anterior/lateral corner of tibial bearing component
212 may have material removed near the proximal edge thereof to create scallop 268. Scallop
268 creates extra space for the adjacent iliotibial (IT) band, which could potentially impinge
upon tibial bearing component 212 in some patients. In an exemplary embodiment, scallop
268 extends around the entirety of the anterior/lateral corner of tibial bearing component 212.
A detailed discussion of how the anterior/lateral corner of tibial prosthesis components are
defined, and the advantages of pulling such corners away from the bone periphery, may be
found in U.S. Patent Application Publication No. 2012/0022659 filed July 22, 2011 and
entitled "ASYMMETRIC TIBIAL COMPONENTS FOR A KNEE PROSTHESIS" (Attorney
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Docket No. ZIM0815-01), the entire disclosure of which is hereby expressly incorporated
herein by reference. Advantageously, scallop 268 may be used in licu of or in addition to an
anterior/lateral pullback to avoid or minimize the impact of potential impingement of the
iliotibial band on such comner.

[0145] Scallop 268 extends inwardly into the area of lateral articular compartment 218,
and downwardly toward the distal, baseplate-contacting surface of tibial bearing component
212. Thus, scallop 268 is a chamfer or fillet-like void in the periphery of tibial bearing
component 212 which creates a space that may be occupied by nearby soft tissues that would
otherwise impinge upon such periphery. Scallop 268 may extend distally almost to the distal
baseplate-contacting surface, or may extend a lesser amount distally. The inward (i.e., medial
and posterior) extent of scallop into lateral articular compartment 218 may be approximately
equal to the distal extent, or may deviate from the distal extent. In an exemplary embodiment,
scallop 268 occupies a 10-degree angular sweep around the anterior/lateral portion of the
periphery of lateral articular compartment 218.

[0146] It is also contemplated that similar scallops or relief spaces may be provided
around the periphery of tibial bearing component 212 to accommodate other adjacent soft
tissues, such as the medial collateral ligament (MCL) and the lateral collateral ligament (LCL).
Scallop 268 and any other scallops positioned for relief around other soft tissues are
sufficiently sized and shaped to provide relief space for the intended soft tissue throughout a

full range of flexion, and for a wide variety of patients.

9. Soft Tissue Accommodation: Anterior/Medial Bulbous Flare.

[0147] Referring now to Figs. 8A and 8B, ultra-congruent type tibial bearing
component 112 is illustrated with a convex, bulbous flare 170 extending outwardly from
peripheral sidewall 172. As described in detail below, flare 170 provides additional strength to
medial compartment 116 at the anterior end thereof and protects adjacent soft tissues from
abrasion, particularly the patellar tendon.

[0148] Most of sidewall 172 extends generally vertically (i.e., in a proximal-distal
direction) between the distal, baseplate-contacting surface 160 (Fig. 8B) and the proximal
articular surfaces of tibial bearing component 112. Accordingly, a majority of the periphery of
baseplate contacting surface 160 substantially fits within the proximal periphery of the
associated tibial baseplate (i.c., baseplate 14 shown in Fig. 1A). A detailed discussion of

matching peripheries between a tibial baseplate and associated tibial bearing component may
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be found in U.S. Patent Application Publication No. 2012/0022659 filed July 22, 2011 and
entitled "ASYMMETRIC TIBIAL COMPONENTS FOR A KNEE PROSTHESIS" (Attorney
Docket ZIM0815-01), the entire disclosure of which is hereby expressly incorporated herein by
reference.

[0149] Additionally, most of the outer periphery of the proximal articular surfaces of
tibial bearing component 112 substantially matches the corresponding outer periphery of the
distal (i.e., baseplate contacting) surface 160. However, bulbous flare 170 extends beyond the
anterior/medial periphery of baseplate contacting surface 160, and therefore also extends
beyond the corresponding periphery of the associated tibial baseplate when tibial bearing
component 112 is fixed thereto (such as is shown in Fig. 1A in the context of tibial bearing
component 12). Bulbous flare 170 thereby enables medial articular compartment 116 to
"overhang" or extend anteriorly and medially beyond the periphery of tibial baseplate 14.
Advantageously, this overhang allows an expanded anterior/medial and proximal reach of
medial articular compartment 116, while obviating the need for a larger tibial baseplate.
Avoiding the use of a larger baseplate size advantageously prevents overhang of tibial
baseplate 14 over a small patient bone, while the bulbous flare 170 of tibial bearing component
112 preserves a relatively large articular surface. Accordingly, tibial components
incorporating bulbous flare 170 are particularly suited to tibial prostheses for use in small
stature patients, whose tibias commonly present a small proximal tibial resected surface which
necessitates the use of a correspondingly small tibial baseplate 14.

[0150] As shown in Fig. 8A, bulbous flare 170 includes a convex curvature which
extends up and around the proximal edge of medial articular compartment 116.
Advantageously, this convex profile and associated soft proximal edge presents only
large-radius, "soft" edges to the patellar tendon, particularly in deep flexion prosthesis
configurations. In one exemplary embodiment, the convex curvature defined by bulbous flare
170 defines a flare radius Rpr (Fig. 8B) of at least 10 mm, which extends around a partially
spherical surface. However, it is contemplated that bulbous flare 170 may also be formed as a
complex shape incorporating multiple radii, such that bulbous flare 170 may be defined by any
surface with convexity in transverse and sagittal planes.

[0151] Referring now to Fig. 8A, another quantification for the broadly convex,
soft-tissue friendly nature of flare 170 is the portion of proximal/distal extent PDo of the
adjacent portion of sidewall 172 that is occupied by proximal/distal extent PDy of flare 170. In

an exemplary embodiment, proximal/distal extent PDy is the portion of peripheral sidewall 172
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of tibial bearing component not covered by tibial baseplate 14 when tibial bearing component
12 is assembled thereto, and proximal/distal extent PDg of the convexity of flare 170 occupies
at least 80% of a proximal/distal extent PDo.

[0152] Also advantageously, the additional material afforded by bulbous flare 170 at
the anterior/medial portion of sidewall 172 provides a buttress for the anterior edge of medial
articular compartment 116, thereby enabling tibial bearing component 112 to readily absorb
substantial anteriorly-directed forces applied by the femur during prosthesis use.

[0153] Yet another advantage provided by the increased size of medial articular
compartments 116 through use of flare 170 is that a larger femoral component 120 may be used
in conjunction with a given size of tibial prosthesis. For some patients, this larger
femoral/smaller tibial prosthesis arrangement may provide a closer match to a healthy natural
knee configuration, and/or enhanced articulation characteristics.

[0154] Still another advantage to the convex, bulbous shape of flare 170 is that the soft,
rounded appearance thereof minimizes the visual impact of an increased proximal height of
medial articular compartment 116 and the increased anterior extent thereof past the periphery
of baseplate contacting surface 160. This minimized visual impact allows sufficient levels of
buttressing material to be added to the anterior/medial portion of sidewall 172 while preserving
surgeon confidence that the overhang of flare 170 past baseplate contacting surface 160 is

appropriate.

10. Bone Conservation and Component Modularity: Variable Component Surface

Geometries.
[0155] As illustrated in Fig. 4A, medial and lateral articular compartments 16, 18 of
tibial bearing component 12 define substantially equal material thicknesses between their
respective superior, dished articular surfaces and opposing distal (i.e. inferior) surface 60.
Stated another way, the coronal "thickness profiles” of medial and lateral articular
compartments 16, 18 are substantial mirror images of one another about a sagittal plane
bisecting tibial bearing component 12.
[0156] For purposes of the present disclosure, a thickness profile of tibial bearing
component 12 may be defined as the changing material thicknesses of medial and/or lateral
articular compartments 16, 18 across a defined cross-sectional extent, such as an
anterior/posterior extent in a sagittal cross-section (Figs. 9A-9D) or a medial/lateral extent in a

coronal cross-section (Figs. 10A-10C).
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[0157] Thus, in addition to the coronal thickness profiles shown in Fig. 4A, medial and
lateral articular compartments 16, 18 of tibial bearing component 12 define sagittal thickness
profiles (Figs. 3A and 3B, respectively) between the superior dished articular surfaces of
medial and lateral articular compartments 16, 18 and distal surface 60. These sagittal thickness
profiles cooperate with anterior/posterior slope S defined by the proximal respective surface of
tibia T (described in detail above) to define the anterior/posterior locations of medial and
lateral distal-most points 42, 44, respectively. Thus, distal-most points 42, 44 may shift
anteriorly or posteriorly in response to a change in the sagittal thickness profile or tibial slope
S, or both.

[0158] In alternative embodiments of tibial bearing component 12, shown generally in
Figs. 9A-10C, the orientation of distal surface 60 with respect to the superior articular surfaces
of medial and lateral articular compartments 16, 18 may be reconfigured. This reconfiguration
alters the spatial relationship of distal surface 60 to the articular surfaces, thereby effecting a
change in the orientation of such articular surfaces with respect to the proximal resected
surface of tibia T. As described below, this spatial alteration may be used to offer alternative
bearing component designs tailored to the specific needs of some patients, while avoiding the
need to recut or otherwise alter the geometry of the proximal tibia.

[0159] Referring now to Fig. 9A, one potential geometric reconfiguration of tibial
bearing component 12 is alteration of the sagittal thickness profile to increase or decrease the
anterior/posterior "tilt" of the proximal articular surfaces of medial and lateral articular
compartments 16, 18. For simplicity, only lateral articular compartment 18 is shown in Figs.
9A-9D and described detail below, it being understood that a similar geometric reconfiguration
can be applied to medial compartment 16 in a similar fashion.

[0160] For example, if a surgeon wishes to tilt tibial bearing component 12 forward
(such as to shift distal-most points 42, 44 anteriorly), he or she may recut the proximal tibia to
reduce tibial slope S. Similarly, increasing tibial slope S tilts tibial bearing component 12
backward and posteriorly shifts distal-most points 42, 44. However, a similar "tilting" of the
tibial articular surface and shifting of sagittal distal-most points, may be accomplished without
altering tibial slope S by using alternative tibial bearing components in accordance with the
present disclosure, as described below. For example, where the superior articular surfaces of
regular and alternative bearing components share a common overall curvature and geometry,
differing sagittal thickness profiles in the alternative component effects the same articular

changes normally achieved by a change in tibial slope S.
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[0161] Referring to Fig. 9D, one exemplary alternative tibial bearing component 312 is
shown superimposed over tibial bearing component 12, with distal surfaces 60 aligned such
that changes to the articular surface of lateral articular compartment 18 are illustrated. Tibial
bearing component 312 features a sagittal radius Rgr1' defining radius center Cgpr' which is
anteriorly shifted along direction A with respect to sagittal radius Rgyr and radius center Cgry,
of tibial bearing component 12. This anterior shift reconfigures the spatial relationship of the
articular surface of lateral articular compartment 18 with respect to distal surface 60. More
particularly, this anterior shift mimics a reduction in tibial slope S, because alternative lateral
articular compartment 18' defines an articular surface which is "anteriorly tilted" so as to shift
distal-most point 44 anteriorly to the alternative distal-most point 44', as shown in the
dashed-line articular surface profile of Fig. 9D. Conversely, center Cgsr, of radius Rgrp, could
be shifted posteriorly to mimic an increase in posterior slope S by causing a posterior shift of
distal-most point 44.

[0162] When center Cgry, is anteriorly shifted to alternative center Cgry’, the resulting
articular surface may not be identical to its non-shifted counterpart. However, the articular
characteristics of tibial bearing components 12, 312 will be comparable, provided an offsetting
change in anterior slope S is made to place distal-most points 44, 44° at the same
anterior/posterior position. Thus, a family of tibial bearing components may be provided in
which one component in the family has an anteriorly shifted center Cgyr, as compared to the
other component in the family. Depending on a surgeon’s choice of anterior slope S, the
surgeon may intraoperatively choose from the family of components to accommodate the
chosen slope S and place the distal-most points of articular compartments 16, 18 at a desired
anterior/posterior location. To this end, components within the family may have identical
distal surfaces 60 such that each component in the family can be mounted to a common tibial
baseplate 14.

[0163] Turning back to Fig. 9A, other alternative tibial bearing components 312A,
312P are shown superimposed over tibial bearing component 12, with articular compartment
18 aligned such that changes in distal surfaces 60, 60A, 60P are illustrated. For example,
bearing component 312A selectively thickens portions of the sagittal thickness profile of
lateral articular compartment 18, thereby angling the distal surface thereof with respect to the
superior articular surfaces. Alternative distal surface 60A defines angle B with respect to
distal surface 60 of tibial bearing component 12. As compared with the unaltered bearing

component 12, bearing component 312A progressively adds material to distal surface 60 along
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a posterior-to-anterior direction, such a minimum amount of added material is present at the
posterior-most portion of distal surface 60 and a maximum amount of added material is present
at the anterior-most portion of distal surface 60. However, alternative distal surface 60A is
otherwise identical to distal surface 60, such that either of distal surfaces 60, 60A can be
mounted to the same tibial baseplate.

[0164] Thus, the added material which defines distal surface 60A of tibial bearing
component 312A operates in the manner of a wedge-shaped shim placed between distal surface
60 and the adjacent superior surface 62 of tibial baseplate 14, except that the added material of
component 312A is unitarily or monolithically formed therewith. As shown by a comparison
of Figs. 9A and 9C, this wedge-shaped added material tilts the articular surface of lateral
articular compartment 18 posteriorly (i.e., the posterior portion of component 312A shifts
distally relative to the anterior portion), thereby shifting distal-most point 44 posteriorly to
alternative distal-most point 44A. As compared to bearing component 12, the magnitude of the
posterior tilt (and therefore, of the posterior low-point shift) is controlled by increasing or
decreasing angle Ba (Fig. 9A).

[0165] Conversely, tibial bearing component 312P (Fig. 9B) progressively adds
material along an anterior-to-posterior direction, thereby adding a wedge-shaped portion of
extra material to component 312P to define distal surface 60P. Distal surface 60P is also
identical to distal surface 60, such that component 312P can be attached to tibial baseplate 14.
When so attached, the superior articular surface of lateral articular compartment 18 is
anteriorly tilted (i.e., the anterior portion of component 312P shifts distally relative to the
posterior portion). As illustrated by a comparison of Figs. 9A and 9B, distal-most point 44 is
shifted anteriorly to alternative distal-most point 44P. As compared to bearing component 12,
the magnitude of the anterior tilt (and therefore, of the anterior low-point shift) is controlled by
increasing or decreasing angle Bp (Fig. 9A).

[0166] A similar selective thickening of tibial bearing component 12 may be employed
to provide alternative bearing components which allow a surgeon to intraoperatively correct for
varus/valgus deformities. Referring now to Fig. 10A, alternative tibial bearing components
412L, 412M define distal surfaces 60L, 60M which progressively add material along
medial-to-lateral and lateral-to-medial directions, respectively, as compared to distal surface
60 of tibial bearing component 12. As with alternative surfaces 60A, 60P, distal surfaces 60L,
60M are otherwise identical to distal surface 60 such that any of components 12, 412M, 412L

can be mounted to a common tibial baseplate 14.
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[0167] Distal surface 60L defines angle P, with distal surface 60, effectively placing
the thickest part of a wedge-shaped shim of additional material underneath lateral articular
compartment 18. Conversely, distal surface 60M defines angle By with distal surface 60, such
that the increased thickness of the coronal cross-sectional profile is concentrated underneath
the medial articular compartment 16.

[0168] Fig. 10B illustrates tibial prosthesis 4101, which includes alternative tibial
bearing component 4121 having distal surface 60L mounted to superior surface 62 of tibial
baseplate 14. Bearing component 412L is juxtaposed the profile of tibial bearing component
12, which is shown in dashed lines. As illustrated, the superior articular surfaces of medial and
lateral articular compartments 16, 18 are tilted medially with respect to the resected surface of
tibia T (i.e., the medial portion of component 412L shifts distally relative to the lateral portion)
when tibial bearing component 412L is attached to tibial baseplate 14. Bearing component
412L defining such a medial tilt may be employed, for example, to intraoperatively correct for
a varus deformity in the knee of the patient without altering the geometry of the proximal tibial
cut surface or replacing tibial baseplate 14. The magnitude of the medial tilt is controlled by
increasing or decreasing angle B, (Fig. 10A).

[0169] Turning to Fig. 10C, another alternative tibial bearing component 412M is
shown juxtaposed against the dashed line profile of tibial bearing component 12. Bearing
component 412M is similar to component 4121 discussed above, except that distal surface
60M features a lateral tilt (i.e., the lateral portion of component 412M shifts distally relative to
the medial portion) when tibial bearing component 412M is attached to tibial baseplate 14.
Bearing component 412M defining such a lateral tilt may be employed, for example, to
intraoperatively correct for a valgus deformity in the knee of the patient without altering the
geometry of the proximal tibial cut surface or replacing tibial baseplate 14. The magnitude of
the lateral tilt is controlled by increasing or decreasing angle By (Fig. 10A).

[0170] In an exemplary embodiment, a set or family of tibial bearing components may
be provided which includes any combination of tibial bearing components 12, 312A, 312P,
412M, and 412L. Further, multiple versions of components 312A, 312P, 4121, 412M may be
provided, in which each version defines a unique value for angles Ba, Bp, Br, Pm respectively.
When provided with such a family of components, a surgeon may intraoperatively select a
tibial bearing component which positions distal-most points 42, 44 at a desired location, and/or
corrects for varus or valgus deformities, without having to alter tibial slope S or change tibial

baseplate 14. In an exemplary embodiment, the geometry and curvature of the superior dished

45



WO 2013/074143 PCT/US2012/035680

articular surfaces of medial and lateral articular compartments 16, 18 will be identical for all
components provided in the kit, such that no other changes to the articular characteristics of the
tibial bearing component intermingle with the changes brought on by altering the thickness
profile as described above.

[0171] While the alternative tibial baseplates described above have either reconfigured
sagittal thickness profiles or reconfigured coronal thickness profiles, it is contemplated that
tibial bearing components may be provided which incorporate reconfigurations to both the
sagittal and coronal thickness profiles within a single tibial bearing component. Moreover, it is
contemplated that any appropriate thickness profile or set of thickness profiles may be
provided as required or desired for a particular application.

[0172] Thus, a family of tibial bearing components provided in accordance with the
present disclosure obviates any need for a surgeon to recut the proximal surface of tibia T, and
allows the surgeon to permanently implant tibial baseplate 14 while also preserving the
intraoperative option to 1) alter the anterior/posterior tilt of the articular surfaces of medial and
lateral articular compartments 16, 18, and/or 2) alter the medial/lateral tilt or the articular
surfaces, such as for correction of a varus/valgus deformity.

[0173] Moreover, it is appreciated that a tibial bearing component in accordance with
the present disclosure may be provided in a single-component design, i.e., not part of a kit,
while still being designed to "alter" the tilt of the superior articular surface. For example, the
articular surface of an alternative bearing component may be designed to may mimic the
articular surface of a "regular” tibial bearing component (such as component 12, described
above), even though the two components are designed to cooperate with differing
anteroposterior tibial slopes.

[0174] In some instances, for example, differing classes of tibial bearing component
(e.g., ultracongruent and posterior-stabilized) are designed to be used with differing tibial
slopes. However, a surgeon may wish to intraoperatively select between these differing
component classes, which in turn may necessitate recutting of tibia T. However, in an
exemplary embodiment, ultracongruent tibial bearing component 112 (Figs. 6A through 6C)
may include distal surface 160 which defines an anterior/posterior slope with respect to medial
and lateral articular compartments 116, 118 which effectively "tilts" the articular surfaces
thereof forward sufficiently to render ultracongruent tibial bearing component 112 compatible
with tibial slope S (shown in Figs. 3A and 3B and described in detail above) used for

posterior-stabilized tibial bearing component 12.
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[0175] For example, an ultracongruent-type tibial bearing component may be typically
designed for use with a tibial slope S equal to 3 degrees, while other bearing component
designs (e.g., posterior-stabilized designs) may use a 5 degree tibial slope S. In this situation,
ultracongruent tibial bearing component 112 may be effectively "tilted anteriorly” by 2 degrees
in the manner described above, such that the articular characteristics designed into the articular
surfaces of tibial bearing component 112 are achievable with a 5-degree tibial slope S. Thus, a
surgeon may make a proximal cut of tibia T to create an anteroposterior slope S of 5 degrees,
for example, while achieving articular characteristics normally associated with a tibial slope of
3 degrees by implanting tibial bearing component 112 on tibial baseplate 14. Thus, a surgeon
may have the freedom to choose intraoperatively between ultracongruent tibial bearing
component 112 and posterior stabilized tibial bearing component 12 without having to alter
tibial slope S or tibial baseplate 14.

[0176] Moreover, it is contemplated that changing thickness profiles or the moving the
center of sagittal curvature of an articular surface as described above may be accomplished
with any combination of cruciate-retaining, ultracongruent and/or posterior-stabilized designs.
[0177] While the present disclosure has been described as having exemplary designs,
the present disclosure can be further modified within the spirit and scope of this disclosure.
This application is therefore intended to cover any variations, uses or adaptations of the
disclosure using its general principles. Further, this application is intended to cover such
departures from the present disclosure as come within known or customary practice in the art to

which this disclosure pertains.
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WHAT IS CLAIMED IS:

1. A tibial bearing component (12, 112, 212) for articulation with a medial femoral
condyle and a lateral femoral condyle, the tibial bearing component defining a tibial bearing
component coordinate system comprising:

a bearing component transverse plane extending along a medial/lateral direction
and an anterior/posterior direction;

a bearing component coronal plane extending along a proximal/distal direction
and the medial/lateral direction, said bearing component coronal plane perpendicular to said
bearing component transverse plane; and

a bearing component sagittal plane extending along the anterior/posterior
direction and the proximal/distal direction, said bearing component sagittal plane
perpendicular to said bearing component transverse plane and said bearing component coronal
plane,

said tibial bearing component (12, 112, 212) comprising:

an articular surface and an opposing distal surface (60, 160, 260), said distal
surface parallel to the bearing component transverse plane, said articular surface including
medial and lateral dished articular compartments (16, 18; 116, 118; 216, 218) sized and shaped
for articulation with the medial and lateral femoral condyles respectively, said medial and
lateral dished articular compartments separated from one another by the bearing component
sagittal plane,

said lateral articular compartment (18, 118, 218) comprising a plurality of
coronal cross-sectional profiles defining a lateral set of coronal distal-most points spanning a
lateral anterior/posterior extent (APy), said lateral set of coronal distal-most points defining a
lateral articular track (28, 128, 228),

said lateral articular track having an anterior portion and a posterior portion
(30), said anterior portion defining a nominally straight line when projected onto the bearing
component transverse plane, said posterior portion defining a curved line when projected onto

the bearing component transverse plane.

2. The tibial bearing component (12, 112, 212) of claim 1, wherein said medial articular

compartment (16, 116, 216) comprises a plurality of coronal cross-sectional profiles defining a
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medial set of coronal distal-most points spanning a medial anterior/posterior extent (APy), said
medial set of coronal distal-most points defining a medial articular track (26, 126, 226), at least
a portion of said medial articular track defining a nominally straight line when projected onto

the bearing component transverse plane.

3. The tibial bearing component (12, 112, 212) of claim 2, wherein said nominally straight
line defined by said medial articular track (26, 126, 226) is substantially parallel to said
nominally straight line defined by said anterior portion of said lateral articular track (28, 128,

228).

4. The tibial bearing component (12, 112, 212) of claim 2, wherein said nominally straight
line defined by said medial articular track (26, 126, 226) and said nominally straight line
defined by said anterior portion of said lateral articular track (28, 128, 228) are substantially

parallel to said bearing component sagittal plane.

5. The tibial bearing component (12, 112, 212) of claim 2, wherein said medial articular
track (26, 126, 226) defines a medial posterior portion having an anterior/posterior extent
corresponding to said posterior portion (30) of said lateral articular track (28, 128, 228), said
nominally straight line defined by said medial articular track inclusive of said medial posterior

portion.

6. The tibial bearing component (12, 112, 212) of claim 2, wherein said lateral articular
track (28, 128, 228) defines a lateral sagittal distal-most point (44) along said lateral
anterior/posterior extent (AP ) and said medial articular track (26, 126, 226) defines a medial
sagittal distal-most point (42) along said medial anterior/posterior extent (APy),

said medial and lateral sagittal distal-most points located in a common coronal plane,
whereby said medial and lateral articular tracks comprise respective distal-most points at a

common anterior/posterior location.

7. The tibial bearing component (12, 112, 212) of claim 2, in combination with a femoral
prosthesis (20, 120, 220) wherein:
said medial condyle comprises a medial prosthetic condyle (22) shaped to articulate

with said medial articular compartment (16, 116, 216) through a medial flexion range to define
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a medial set of contact points, said medial set of contact points corresponding with said medial
articular track (26, 126, 226); and

said lateral condyle comprises a lateral prosthetic condyle (24) shaped to articulate with
said lateral articular compartment (18, 118, 218) through a lateral flexion range to define a
lateral set of contact points, said lateral set of contact points corresponding with said lateral

articular track (28, 128, 228).

8. The tibial bearing component (12, 112, 212) of claim 1, wherein said tibial bearing
component is implantable at an anteroposterior slope angle (S) as measured in the bearing
component sagittal plane, said anteroposterior slope angle formed between the bearing
component transverse plane and a transverse reference plane, said transverse reference plane
positioned to be normal to an anatomic axis (Ar) of a tibia (T) when said tibial bearing
component is implanted, said anteroposterior slope angle having a positive value when an
anterior edge of said tibial bearing component is elevated with respect to a posterior edge
thereof,

said lateral articular track (28, 128, 228) defining a lateral sagittal distal-most point (44)
defined as a point among said lateral set of coronal distal-most points that is closest to said
transverse reference plane when said anteroposterior slope angle is equal to 5 degrees,

said lateral sagittal distal-most point coincident with a posterior terminus of said

anterior portion of said lateral articular track.

9. The tibial bearing component (12, 112, 212) of claim 1, wherein said bearing
component is implantable at an anteroposterior slope angle (S) as measured in the bearing
component sagittal plane, said anteroposterior slope angle formed between the bearing
component transverse plane and a transverse reference plane, said transverse reference plane
positioned to be normal to an anatomic axis (Ar) of a tibia (T) when said tibial bearing
component is implanted, said anteroposterior slope angle having a positive value when an
anterior edge of said tibial bearing component is elevated with respect to a posterior edge
thereof,

said lateral articular track (28, 128, 228) defining a lateral sagittal distal-most point (44)
defined as a point among said lateral set of coronal distal-most points that is closest to said

transverse reference plane when said anteroposterior slope angle is equal to 5 degrees,
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said lateral sagittal distal-most point coincident with an anterior terminus of said

posterior portion (30) of said lateral articular track.

10. The tibial bearing component (12, 112, 212) of claim 1, wherein said curved line of said
posterior portion (30) of said lateral articular track (28, 128, 228) defines a radius (Rt) having a
radius center (Cr), said radius center spaced medially from said lateral articular track, whereby

said curved line arcs inwardly toward said medial articular compartment (16, 116, 216).

11. The tibial bearing component (12, 112, 212) of claim 10, wherein said medial articular
compartment (16, 116, 216) comprises a plurality of coronal cross-sectional profiles defining a
medial set of coronal distal-most points spanning a medial anterior/posterior extent (APy), said
medial set of coronal distal-most points defining a medial articular track (26, 126, 226),

said radius center (Cr) coincident with a projection of said medial articular track onto

the bearing component transverse plane.

12. The tibial bearing component (12, 112, 212) of claim 11, wherein said tibial bearing
component is implantable at an anteroposterior slope angle (S) as measured in the bearing
component sagittal plane, said anteroposterior slope angle formed between the bearing
component transverse plane and a transverse reference plane, said transverse reference plane
positioned to be normal to an anatomic axis (Ar) of a tibia (T) when said tibial bearing
component is implanted, said anteroposterior slope angle having a positive value when an
anterior edge of said tibial bearing component is elevated with respect to a posterior edge
thereof,

said medial articular track (26, 126, 226) defining a medial sagittal distal-most point
(42) defined as a point among said medial set of coronal distal-most points that is closest to said
transverse reference plane when said anteroposterior slope angle is equal to 5 degrees,

said radius center (Cr) coincident with a projection of said medial sagittal distal-most

point into the bearing component transverse plane.

13. The tibial bearing component (12, 112, 212) of claim 12, wherein said lateral articular
track (28, 128, 228) defines a lateral sagittal distal-most point (44) along said lateral
anterior/posterior extent (APy), said lateral sagittal distal-most point coincident with a

transition from said anterior portion to said posterior portion (30) of said lateral articular track.
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14. The tibial bearing component (12, 112, 212) of claim 13, wherein said medial and
lateral sagittal distal-most points (42, 44) are located in a common coronal plane, whereby said
medial and lateral articular tracks (26, 28; 126, 128; 226, 228) comprise respective distal-most

points at a common anterior/posterior location.

15. The tibial bearing component (12, 112, 212) of claim 1, wherein:

said lateral articular compartment (18, 118, 218) comprises an overall anterior/posterior
span, and

said posterior portion (30) of said lateral articular track (28, 128, 228) occupies between

20% and 50% of said overall anterior/posterior span.

16. The tibial bearing component (12, 112, 212) of claim 1, wherein said nominally straight

line is tangent to said curved line.

17. The tibial bearing component (12, 112, 212) of claim 1, wherein said tibial bearing
component comprises a cruciate-retaining design comprising;:

a posterior cutout (236) sized and positioned to accommodate a posterior cruciate
ligament upon implantation of the tibial bearing component; and

an intercondylar ridge (238) extending anteroposteriorly from said posterior cutout to
an anterior relief space (261) proximate an anterior edge of a periphery of said tibial bearing
component, said intercondylar ridge disposed between said medial and lateral dished articular

compartments (216, 218).

18. The tibial bearing component (12, 112, 212) of claim 17, in combination with a femoral
prosthesis (20, 120, 220) wherein:

said medial condyle comprises a medial prosthetic condyle (22) shaped to articulate
with said medial articular compartment (16, 116, 216) through a medial flexion range,

said lateral condyle comprises a lateral prosthetic condyle (24) shaped to articulate with
said lateral articular compartment (18, 118, 218) through a lateral flexion range,

said medial and lateral prosthetic condyles defining an uninterrupted intercondylar

space, wherein said femoral prosthesis lacks a femoral cam.
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19. The tibial bearing component (12, 112, 212) of claim 1, wherein said articular surface
and said distal surface (60, 160, 260) of said tibial bearing component are bounded by a tibial
bearing periphery, said tibial bearing component comprising an ultra-congruent design
including a posterior eminence (138) extending proximally from said articular surface,

said lateral articular track (28, 128, 228) defining a lateral sagittal distal-most point (44)
along said lateral anterior/posterior extent (APy), said posterior eminence defining an
eminence height (Hg) of between 3.8 mm and 10 mm as measured proximally from said lateral
sagittal distal-most point,

said posterior eminence extending anteriorly from a posterior edge of said tibial bearing
periphery to define an anterior/posterior eminence extent (APpg) equal to less than 30% of an
overall anterior/posterior extent (APyc) of said tibial bearing component, said posterior

eminence disposed between said medial and lateral dished articular compartments (116, 118).

20. The tibial bearing component (12, 112, 212) of claim 1, wherein said tibial bearing
component comprises a posterior-stabilized design including a spine (38) extending proximally
from said articular surface, said spine spaced posteriorly from an anterior edge of a periphery
of said tibial bearing component, and said spine disposed between said medial and lateral

dished articular compartments (16, 18).

21. A tibial bearing component (12, 112, 212) for articulation with a medial femoral
condyle and a lateral femoral condyle, the tibial bearing component defining a tibial bearing
component coordinate system comprising:

a bearing component transverse plane extending along a medial/lateral direction
and an anterior/posterior direction;

a bearing component coronal plane extending along a proximal/distal direction
and the medial/lateral direction, said bearing component coronal plane perpendicular to said
bearing component transverse plane; and

a bearing component sagittal plane extending along the anterior/posterior
direction and the proximal/distal direction, said bearing component sagittal plane
perpendicular to said bearing component transverse plane and said bearing component coronal
plane,

said tibial bearing component comprising:

53



WO 2013/074143 PCT/US2012/035680

an articular surface and an opposing distal surface (60, 160, 260), said distal
surface parallel to the bearing component transverse plane, said articular surface including
medial and lateral dished articular compartments (16, 18; 116, 118; 216, 218) sized and shaped
for articulation with the medial and lateral femoral condyles respectively, said medial and
lateral dished articular compartments separated from one another by the bearing component
sagittal plane, said articular and distal surfaces bounded by a tibial bearing periphery,

said lateral articular compartment (18, 118, 218) comprising a plurality of
coronal cross-sectional profiles defining a lateral set of coronal distal-most points spanning a
lateral anterior/posterior extent (APy), said lateral set of coronal distal-most points defining a
lateral articular track (28, 128, 228) having an anterior portion and a posterior portion (30), said
anterior portion defining a nominally straight line when projected onto the bearing component
transverse plane, said anterior portion of said lateral articular track extrapolated posteriorly to
define a lateral intersection point (P ) with said tibial bearing periphery,

said medial articular compartment (16, 116, 216) comprising a plurality of
coronal cross-sectional profiles defining a medial set of coronal distal-most points spanning a
medial anterior/posterior extent (APy), said medial set of coronal distal-most points defining a
medial articular track (26, 126, 226), said medial articular track defining a nominally straight
line when projected onto the bearing component transverse plane, said medial articular track
extrapolated posteriorly to define a medial intersection point (Py) with said tibial bearing
periphery,

said lateral and medial intersection points joined by a posterior line (32) of said
tibial bearing component, at least one of said lateral articular track and said medial articular

track defining an acute angle (o)) with said posterior line.

22. The tibial bearing component (12, 112, 212) of claim 21, wherein said acute angle (o) is
between 81 degrees and 89.5 degrees.

23. The tibial bearing component (12, 112, 212) of claim 21, wherein said tibial bearing
component comprises a posterior-stabilized design including a spine (38) extending proximally
from said articular surface, said spine spaced posteriorly from an anterior edge of said tibial
bearing periphery, and said spine disposed between said medial and lateral dished articular

compartments (216, 218),
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said acute angle (o) of said posterior-stabilized design between 81.7 degrees and 86.7

degrees.

24, The tibial bearing component (12, 112, 212) of claim 21, wherein said tibial bearing
component comprises an ultra-congruent design including a posterior eminence (138)
extending proximally from said articular surface,

said medial and lateral articular tracks (26, 28; 126, 128; 226, 228) defining medial and
lateral sagittal distal-most points (42, 44) along said medial and lateral anterior/posterior
extents (APy, APp), respectively, said posterior eminence defining an eminence height (Hg) of
between 3.8 mm and 10 mm as measured from one of said medial and lateral sagittal
distal-most points along the proximal/distal direction,

said posterior eminence extending anteriorly from a posterior edge of said tibial bearing
periphery to define an anterior/posterior eminence extent (APpg) equal to less than 30% of an
overall anterior/posterior extent (APyc) of said tibial bearing component, said posterior
eminence disposed between said medial and lateral dished articular compartments (116, 118),

said acute angle (o) of said ultra-congruent design between 82 degrees and 88.7

degrees.

25. The tibial bearing component (12, 112, 212) of claim 21, wherein said tibial bearing
component comprises a cruciate-retaining design comprising:

a posterior cutout (236) sized and positioned to accommodate a posterior cruciate
ligament upon implantation of the tibial bearing component; and

an intercondylar ridge (238) extending anteroposteriorly from said posterior cutout to
an anterior relief space (261) proximate an anterior edge of said tibial bearing periphery, said
intercondylar ridge disposed between said medial and lateral dished articular compartments

(216, 218).

26. The tibial bearing component (12, 112, 212) of claim 21, in combination with a tibial
baseplate (14) comprising a bone-contacting surface and an opposed tibial bearing mounting
surface (62), said bone-contacting surface and tibial bearing mounting surface bounded by a

baseplate periphery, wherein:
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said tibial bearing component is fixed to said tibial baseplate, said anterior portion of
said lateral articular track (28, 128, 228) extrapolated posteriorly to define a lateral baseplate
intersection point (Pgr) with said baseplate periphery, and

said medial articular track (26, 126, 226) extrapolated posteriorly to define a medial
baseplate intersection point (Pgy) with said baseplate periphery,

a posterior line (34) of said tibial baseplate formed between said medial baseplate
intersection point and said lateral baseplate intersection point, and

said at least one of said lateral articular track and said medial articular track defining a
second acute angle (©) with said posterior line of said tibial baseplate, said second acute angle
less than said acute angle (o) formed with said posterior line (32) of said tibial bearing

component.

27. The combination of claim 26, wherein said second acute angle (®) is less than said
acute angle (o) formed with said posterior line (32) of said tibial bearing component by up to 15

degrees.

28. A family of tibial bearing components (12, 112, 212) for articulation with femoral
condyles, each of the family of tibial bearing components defining a tibial bearing component
coordinate system comprising:

a bearing component transverse plane extending along a medial/lateral direction
and an anterior/posterior direction;

a bearing component coronal plane extending along a proximal/distal direction
and the medial/lateral direction, said bearing component coronal plane perpendicular to said
bearing component transverse plane; and

a bearing component sagittal plane extending along the anterior/posterior
direction and the proximal/distal direction, said bearing component sagittal plane
perpendicular to said bearing component transverse plane and said bearing component coronal
plane,

said family of tibial bearing components comprising a small tibial bearing component
and a large tibial bearing component, said small and large tibial bearing components each
comprising:

an articular surface and an opposing distal surface (60, 160, 260), said distal

surface parallel to the bearing component transverse plane, said articular surface including
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medial and lateral dished articular compartments sized and shaped for articulation with the
femoral condyles, said medial and lateral dished articular compartments (16, 18; 116, 118; 216,
218) separated from one another by the bearing component sagittal plane, said articular and
distal surfaces bounded by a tibial bearing periphery,

said lateral articular compartment (18, 118, 218) comprising a plurality of
coronal cross-sectional profiles defining a lateral set of coronal distal-most points spanning a
lateral anterior/posterior extent (APy), said lateral set of coronal distal-most points defining a
lateral articular track (28, 128, 228) having an anterior portion and a posterior portion (30), said
anterior portion defining a nominally straight line when projected onto the bearing component
transverse plane, said anterior portion of said lateral articular track extrapolated posteriorly to
define a lateral intersection point (P ) with said tibial bearing periphery,

said medial articular compartment (16, 116, 216) comprising a plurality of
coronal cross-sectional profiles defining a medial set of coronal distal-most points spanning a
medial anterior/posterior extent (APy), said medial set of coronal distal-most points defining a
medial articular track (26, 126, 226), said medial articular track defining a nominally straight
line when projected onto the bearing component transverse plane, said medial articular track
extrapolated posteriorly to define a medial intersection point (Py) with said tibial bearing
periphery,

said lateral and medial intersection points joined by a posterior line (32), at least
one of said lateral articular track and said medial articular track defining an acute angle () with
said posterior line; and

said acute angle of said small tibial bearing component less than said acute

angle of said large tibial bearing component.

29. The family of tibial bearing components (12, 112, 212) of claim 28, wherein said small
and large tibial bearing components each comprise a posterior-stabilized design including a
spine (38) extending proximally from said articular surface, said spine spaced posteriorly from
an anterior edge of said tibial bearing periphery, and said spine disposed between said medial
and lateral dished articular compartments (16, 18),

said acute angle (0) of said small tibial bearing component as little as 81.7 degrees, said

acute angle () of said large tibial bearing component as large as 86.7 degrees.
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30. The family of tibial bearing components (12, 112, 212) of claim 28, wherein said small
and large tibial bearing components each comprise an ultra-congruent design including a
posterior eminence (138) extending proximally from said articular surface, wherein for each of
said small and large tibial bearing components:

said lateral articular track (28, 128, 228) defining a lateral sagittal distal-most point (44)
along said lateral anterior/posterior extent (APy), said posterior eminence defining an
eminence height (Hg) between 3.8 mm and 10 mm as measured proximally from said lateral
sagittal distal-most point,

said posterior eminence extending anteriorly from a posterior edge of said tibial bearing
periphery to define an anterior/posterior eminence extent (APpg) equal to less than 30% of an
overall anterior/posterior extent (APyc) of said tibial bearing component, said posterior
eminence disposed between said medial and lateral dished articular compartments (116, 118),

said acute angle (o) of said small tibial bearing component as little as 82 degrees, said

acute angle (o) of said large tibial bearing component as large as 88.7 degrees.

31. The family of tibial bearing components (12, 112, 212) of claim 28, wherein said small
and large tibial bearing components each comprise a cruciate-retaining design comprising:

a posterior cutout (236) sized and positioned to accommodate a posterior cruciate
ligament upon implantation of one of the family of tibial bearing components; and

an intercondylar ridge (238) extending anteroposteriorly from said posterior cutout to
an anterior relief space (261) proximate an anterior edge of said tibial bearing periphery, said
intercondylar ridge disposed between said medial and lateral dished articular compartments
(216, 218),

said acute angle (o) of said small tibial bearing component as little as 81 degrees, said

acute angle () of said large tibial bearing component as large as 89.5 degrees.

32. The family of tibial bearing components (12, 112, 212) of claim 28, wherein said small
and large tibial bearing components comprise smallest and largest components of a plurality of
tibial bearing component sizes, said acute angle (o) trending upward from as little as 81 degrees

to as much as 89.5 degrees as tibial bearing component sizes grow larger.

33. The family of tibial bearing components (12, 112, 212) of claim 32, wherein said

plurality of tibial bearing component sizes comprises at least seven bearing component sizes.
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34. A tibial bearing component (12, 112, 212) for articulation with a medial femoral
condyle and a lateral femoral condyle, the tibial bearing component defining a tibial bearing
component coordinate system comprising:

a bearing component transverse plane extending along a medial/lateral direction
and an anterior/posterior direction;

a bearing component coronal plane extending along a proximal/distal direction
and the medial/lateral direction, said bearing component coronal plane perpendicular to said
bearing component transverse plane; and

a bearing component sagittal plane extending along the anterior/posterior
direction and the proximal/distal direction, said bearing component sagittal plane
perpendicular to said bearing component transverse plane and said bearing component coronal
plane,

said tibial bearing component comprising:

an articular surface and an opposing distal surface (60, 160, 260), said distal
surface parallel to the bearing component transverse plane, said articular surface including
medial and lateral dished articular compartments (16, 18; 116, 118; 216, 218) sized and shaped
for articulation with the medial and lateral femoral condyles respectively, said medial and
lateral dished articular compartments separated from one another by the bearing component
sagittal plane, said articular and distal surfaces bounded by a tibial bearing periphery,

said lateral articular compartment (18, 118, 218) comprising a plurality of
coronal cross-sectional profiles defining a lateral set of coronal distal-most points spanning a
lateral anterior/posterior extent (APy), said lateral set of coronal distal-most points defining a
lateral articular track (28, 128, 228) having an anterior portion and a posterior portion (30),

said medial articular compartment (16, 116, 216) comprising a plurality of
coronal cross-sectional profiles defining a medial set of coronal distal-most points spanning a
medial anterior/posterior extent (APy), said medial set of coronal distal-most points defining a
medial articular track (26, 126, 226); and

means for clocking said medial articular track and said lateral articular track

into a counterclockwise clocked rotation.

35. The tibial bearing component (12, 112, 212) of claim 34, wherein:
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said anterior portion of said lateral articular track (28, 128, 228) is extrapolated
posteriorly to define a lateral intersection point (Pr) with said tibial bearing periphery, said
medial articular track (26, 126, 226) is extrapolated posteriorly to define a medial intersection
point (Ppy) with said tibial bearing periphery, and a posterior line (32) joins said lateral and
medial intersection points,

said means for clocking forming an acute angle (o) between at least one of said lateral
and medial articular tracks and said posterior line, said acute angle (o) between 81 degrees and

89.5 degrees.

36. The tibial bearing component (12, 112, 212) of claim 35, wherein said tibial bearing
component comprises a posterior-stabilized design including a spine (38) extending proximally
from said articular surface, said spine spaced posteriorly from an anterior edge of said tibial
bearing periphery, and said spine disposed between said medial and lateral dished articular
compartments (16, 18),

said acute angle (o) of said posterior-stabilized design between 81.7 degrees and 86.7

degrees.

37. The tibial bearing component (12, 112, 212) of claim 35, wherein said tibial bearing
component comprises an ultra-congruent design including a posterior eminence (138)
extending proximally from said articular surface,

said lateral articular track (28, 128, 228) defining a lateral sagittal distal-most point (44)
along said lateral anterior/posterior extent (APy), said posterior eminence defining an
eminence height (Hg) of between 3.8 mm and 10 mm as measured proximally from said lateral
sagittal distal-most point,

said posterior eminence extending anteriorly from a posterior edge of said tibial bearing
periphery to define an anterior/posterior eminence extent (APpg) equal to less than 30% of an
overall anterior/posterior extent (APyc) of said tibial bearing component, said posterior
eminence disposed between said medial and lateral dished articular compartments (116, 118),

said acute angle (o) of said ultra-congruent design between 82 degrees and 88.7

degrees.

38. The tibial bearing component (12, 112, 212) of claim 35, wherein said tibial bearing

component comprises a cruciate-retaining design comprising:
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a posterior cutout (236) sized and positioned to accommodate a posterior cruciate

ligament upon implantation of the tibial bearing component; and

an intercondylar ridge (238) extending anteroposteriorly from said posterior cutout to
an anterior relief space (261) proximate an anterior edge of said tibial bearing periphery, said
intercondylar ridge disposed between said medial and lateral dished articular compartments

(216, 218).
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BoxNo.ll  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1. As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. m No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-20

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-20

A tibial bearing component for articulation with a medial
femoral condyle and a lateral femoral condyle, the tibial
bearing component defining a tibial bearing component
coordinate system comprising:

a bearing component transverse plane extending along a
medial/lateral direction and an anterior/posterior
direction;

a bearing component coronal plane extending along a
proximal/distal direction and the medial/lateral direction,
said bearing component coronal plane perpendicular to said
bearing component transverse plane; and

a bearing component sagittal plane extending along the
anterior/posterior direction and the proximal/distal
direction, said bearing component sagittal plane
perpendicular to said bearing component transverse plane and
said bearing component coronal plane,

said tibial bearing component comprising:

an articular surface and an opposing distal surface, said
distal surface parallel to the bearing component transverse
plane, said articular surface including medial and lateral
dished articular compartments sized and shaped for
articulation with the medial and Tateral femoral condyles
respectively, said medial and lateral dished articular
compartments separated from one another by the bearing
component sagittal plane,

said Tateral articular compartment comprising a plurality of
coronal cross-sectional profiles defining a lateral set of
coronal distal-most points spanning a lateral
anterior/posterior extent, said lateral set of coronal
distal-most points defining a lateral articular track,

said Tateral articular track having an anterior portion and
a posterior portion, said anterior portion defining a
nominally straight line when projected onto the bearing
component transverse plane, said posterior portion defining
a curved line when projected onto the bearing component
transverse plane.

2. claims: 21-38

A tibial bearing component for articulation with a medial
femoral condyle and a lateral femoral condyle, the tibial
bearing component defining a tibial bearing component
coordinate system,

said tibial bearing component comprising:

an articular surface and an opposing distal surface, said
distal surface parallel to the bearing component transverse
plane, said articular surface including medial and lateral
dished articular compartments sized and shaped for
articulation with the medial and lateral femoral condyles
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respectively, said medial and lateral dished articular
compartments separated from one another by the bearing
component sagittal plane, said articular and distal surfaces
bounded by a tibial bearing periphery,

said lateral articular compartment comprising a plurality of
coronal cross-sectional profiles defining a lateral set of
coronal distal-most points spanning a lateral
anterior/posterior extent, said lateral set of coronal
distal-most points defining a lateral articular track having
an anterior portion and a posterior portion, said anterior
portion defining a nominally straight line when projected
onto the bearing component transverse plane, said anterior
portion of said Tateral articular track extrapolated
posteriorly to define a lateral intersection point with said
tibial bearing periphery,

said medial articular compartment comprising a plurality of
coronal cross-sectional profiles defining a medial set of
coronal distal-most points spanning a medial
anterior/posterior extent, said medial set of coronal
distal-most points defining a medial articular track, said
medial articular track defining a nominally straight line
when projected onto the bearing component transverse plane,
said medial articular track extrapolated posteriorly to
define a medial intersection point with said tibial bearing
periphery,

said lateral and medial intersection points joined by a
posterior 1ine of said tibial bearing component, at least
one of said lateral articular track and said medial
articular track defining an acute angle with said posterior
Tine.
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