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PROSTHETIC IMPLANTS FOR TOTAL KNEE ARTHROPLASTY

Cross-Reference to Related Applications

[0001] This application claims the benefit of U.S. Provisional Patent
Application No. 61/762,492, filed February 8, 2013 entitled “INSTRUMENT FOR
LOCATING THE FEMORAL MECHANICAL AXIS”, U.S. Provisional Patent
Application No. 61/904,083, filed November 14, 2013 entitled “INSTRUMENTS
AND METHODS FOR LOCATING A FEMORAL MECHANICAL AXIS”, U.S.
Provisional Patent Application No. 61/904,086, filed November 14, 2013 entitled
“TOTAL KNEE ARTHROPLASTY METHODS, SYSTEMS, AND
INSTRUMENTS?”, and U.S. Provisional Patent Application No. 61/904,099, filed
November 14, 2013 entitled “TOTAL KNEE ARTHROPLASTY METHODS,
SYSTEMS, AND INSTRUMENTS”, which applications are incorporated herein by
reference in their entireties.

Technical Field

[0002] The present invention relates to surgical devices for joint
replacement, and particularly relates to prosthetic implants used for total knee
arthroplasty.

Background

[0003] In the surgical field of total knee arthroplasty, providing properly
sized and shaped implant components is one factor in the level of success that can be
achieved by the procedure. The general size of the patient and his/her femur and
tibia can be one determining factor in choosing implant components; however, a
number of studies reveal that even with similarly sized people, other anatomical
differences in segments of the population can result in different implant
requirements. For example, many Western implants do not correspond to the
geometries of Asian knees, and in addition, the shapes of Western implants, as
represented by an aspect ratio, do not necessarily match the targeted Asian
populations. Such differences between other specific segments of the population
can also exist, wherein the differences in Western and Asian anatomies are one
example. Thus, there is a need to address these differences in order to provide more

effective implants for total knee arthroplasty for no western populations.
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SUMMARY

[0004] Certain aspects of the invention use morphology studies reported in
the literature to determine the anterior-posterior (AP) and medial-lateral (ML)
footprints of the proximal tibia and distal femur, accounting for both genders of
certain representative populations (e.g., Asian populations, including people from
India, Korea, Japan, China, Thailand and Singapore). This data is used for the design
of certain components for total knee arthroplasty, in accordance with the invention.
[0005) In accordance with aspects of the invention, implants are provided for
total knee arthroplasty, wherein the geometry of patellar components, together with
the femoral trochlea and borders of the intercondylar notch, provide patellofemoral
articulation with both native un-resurfaced patellae and resurfaced modified dome-
shaped patellae with at least line contact throughout range of motion, and smooth
patellar transition between the trochlea and intercondylar notch. In addition,
hyperextension and extension are limited through: (1) a broad contact area with a
high degree of anterior tibiofemoral conformity; (2) engagement of the anterior
surface of the intercondylar box with the anterior aspect of the tibial post; and (3) a
posterior tibial slope or ramp built into the articular surfaces. This also prevents
component damage, and minimizes abnormal posterior femoral sag in extension and
anterior femoral roll-forward in early flexion.

[0006] In accordance with an aspect of the invention, a knee implant is
provided for use in total knee arthroplasty, wherein the implant includes a femoral
component comprising a trochlear groove and an intercondylar notch, a tibial
component engaged with the femoral component, and a patellar component having
an upper domed surface, wherein the domed surface is configured for at least line
contact articulation with the trochlear groove of the femoral component.

[0007] Further in accordance with the invention, a knee implant for use in
total knee arthroplasty is provided, wherein the implant includes  a femoral
component comprising a trochlear groove and intercondylar noich, and  a tibial
component engaged with the femoral coniponent, wherein at least one of the
femoral and tibial components are sized and shaped to match selected geometries for
a target population. In this aspect of the invention, the trochlear groove of the

femoral component can be configured to articulate with both a native patella of a
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patient and with a patellar component having an upper domed surface, wherein the
domed surface is configured for at least line contact articulation with the trochlear
groove of the femoral component. Further, the sizes of the femoral and tibial
components can be determined using measured anterior-posterior and medial-lateral
data of distal ends of multiple femurs and proximal ends of multiple tibias, '
respectively, for the target population, and the shapes of the femoral and tibial
components can be determined using measured aspect ratios of distal ends of
multiple femurs and proximal ends of multiple tibias, respectively, for the target
population.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present invention will be further explained with reference to the
appended Figures, wherein like structure is referred to by like numerals throughout

the several views, and wherein:

[0009] Figure 1 is a graph of anterior-posterior (AP) and medial-lateral (ML)
footprints for distal femurs obtained from various studies for a target population;
[0010] Figure 2 is a graph of anterior-posterior (AP) and medial-lateral (ML)
footprints for proximal tibias obtained from various studies for a target population:
[0011] Figure 3 is a table of a selected exemplary group of sizes for femoral
and tibial components of a total knee arthroplasty systems of the invention;

[0012] Figure 4 is a graph representing aspect ratios against the AP
dimensions for distal femurs of a target populatiorn;

[0013] Figure 5 is a is a graph representing aspect ratios against the AP
dimensions for proximal tibias of a target population;

[0014] Figure 6 is an end view of a native patella;

[0015] Figure 7 is a perspective view of a native patella positioned relative

to a femoral component of an implant;

[0016] Figure 8 is an end view of a patella having a modified dome shape, in
accordance with the invention;

[0017] Figure 9 is another end view of the patella of Figure 8, illustrating an
exemplary patellar facet angle used in the shaping of an embodiment of a modified

dome shape;
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[0018] Figure 10 is an end view of a patella as positioned relative to a native

positioning, and illustrating a patellar facet angle;

[0019] Figure 11 is a front view of a knee implant component of the
invention;

[0020] Figure 12 is a sagittal profile of the lateral femoral condyle for six
sizes of a femoral component of the invention;

[0021] Figure 13 is a graphical representation of the sulcus angle for a
trochlear surface;

[0022] Figure 14 is an end view of a patellar component as positioned

relative to a femoral component;
[0023] Figure 15 is another end view of a patellar component as positioned
relative to a femoral component;
[0024] Figure 16 is another end view of a patellar component as positioned
relative to a femoral component;
[0025]  Figure 17 is another end view of a patellar component as positioned

relative to a femoral component;

[0026] Figure 18 is a bottom view of a femoral component of the invention;
[0027] Figure 19 is a bottom view of a femoral component of the invention;
[0028] Figure 20 is a cross-sectional side view of several sizes of a femoral

component of the invention;

[0029] Figure 21 is a perspective view of knee components of the invention;
[0030] Figure 22 is a perspective view of knee components of the invention;
[0031] Figure 23 is a cross-sectional side view of knee components of the
invention;

[0032] Figure 24 is a side view of an exemplary posterior tilt for a tibial

component of the invention;

[0033] Figure 25 is a cross-sectional side view of a femoral component of
the invention at various angles;

[0034] Figure 26 is a cross-sectional side view of a tibial post and femoral
cam follower in a first position;

[0035] Figure 27 is a cross-sectional side view of a tibial post and femoral

cam follower in a second position; and
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[0036] Figure 28 is a cross-sectional side view of a tibial post and femoral
cam follower in a third position.

Detailed Description

[0037] In general, total knee arthroplasty (TKA), or knee replacement,

involves preparation (i.e., cutting) of the bones that comprise the knee and then
securing implant components in place relative to the prepared or cut bones to
improve functioning of the knee joint. In more particularity, a predetermined amount
of damaged surfaces at the ends of the femur and tibia are cut using specialized
cutting blocks or guides, such as those described in U.S. Patent Application Serial
No. 61/904,086, 61/904,086, filed November 14, 2013 entitled “TOTAL KNEE
ARTHROPLASTY METHODS, SYSTEMS, AND INSTRUMENTS?”, the entire
contents of which is herein incorporated by reference in its entirety, and then the
removed material is replaced with prosthetic components that recreate the surfaces
of the joint. The prosthetic components include both femoral and tibial components,
which are cemented or otherwise secured to their respective bone ends. The patella
can also be resurfaced, with the patellar component being inserted relative to the
femoral and tibial components to create a smooth gliding surface.

[0038] In accordance with the invention, total knee arthroplasty is
accomplished using fixed-bearing implant designs that include a femoral
component, a tibial component, and a patellar component, the features and
relationships of which are discussed and illustrated herein. Embodiments of
components of the invention can be based on a posterior cruciate ligament (PCL)-
stabilized design including a cam or post, along with a cam follower, rather than a
posterior cruciate ligament-retaining design. Embodiments of the invention may
also be based on the use of symmetric tibial components (i.e., components that
include symmetric tibiofemoral articular surfaces). In addition, embodiments of the
invention may include femoral components with symmetric portions that mate with
the tibia, and are naturally used for symmetric tibial components. On the other hand,
embodiments of femoral components described herein can also have asymmetric
patellar flanges that necessitate right and left femoral components. The trochlear
groove can be located laterally from the center of the femoral component, oriented

laterally, and have a raised lateral ridge to accept and guide the patella into the
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trochlea in early flexion and maintain normal patellar tracking throughout later
flexion.

[0039] The geometries provided for the knee implant components of the
invention match the geometries of the knees of the populations in which they will be
implanted. Although certain embodiments of the invention described herein relate to
considerations for Asian populations, other targeted populations can additionally or
alternatively be considered, wherein assessments can be made of the knee
geometries of those populations relative to various knee implant variations and the
methodology described herein can be applied also to those populations.

[0040] Referring now to Figures 1 and 2, in accordance with an embodiment
of the invention, anterior-posterior (AP) and medial-lateral (ML) footprints of the
distal femur and the proximal tibia were digitized from scatterplots obtained from
various studies for a target population and re-plotted as scatterplots 10, 20 of raw AP
and ML data for the femoral and tibial components, respectively. Means + 2
standard deviations were computed for each of the AP and ML dimensions, and
were added to the plots to form a box 12 for the femur and a box 22 for the tibia
within which 95% of the population of the chosen group were located. A linear
regression was also performed and the standard error was computed. The regression
line and standard error band were also added to the scatterplots. The areas enclosed
by the + 2 standard deviations and standard error bounds represent the AP and ML
dimensions for the majority of the target population for the tibia and femur, The AP
and ML dimensions for the tibial and femoral components for knee implants were
determined within these spaces, as is illustrated in Figures 1 and 2. The “plus signs™
or crosses 14, 24 shown on these figures are representative sizes that were chosen
for femoral components and tibial components, respectively. Similar data can be
acquired, plotted, and utilized to select component sizes for other target populations,
if desired.

[0041] Figure 3 is a table 30 that represents the overall AP and ML
dimensions of the footprints of tibial and femoral components for this exemplary
embodiment of a knee system of the invention. This table illustrates a system in
which only a limited number of sizes of the tibial and femoral components have

been selected for use in a particular total knee arthroplasty system, in order to
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minimize inventory and the associated costs, although it is understood that more or
less components can be selected. For this example, however, six sizes of femoral
components span the AP space with 4 mm between adjacent sizes. Since the data
points were normally distributed, narrow and wide versions of the middle two sizes
were created to capture the densest portion of the population, as shown by the
shaded boxes on the left side of table 30. Referring again to Figure 2, the tibial
component sizes have the same general pattern as the femoral component sizes, and
six sizes were chosen for the AP space such that there are 3 mm between adjacent
sizes. Again, narrow and wide versions of the middle two sizes were created to
capture the densest portion of the normally distributed population, as is shown by
the shaded boxes on the right side of table 30. The tibial component sizes in the
unshaded boxes represent optional component sizes that can be chosen, although
additional sizes can also be considered.

[0042] Further in accordance with the invention, not only do the sizes of the
tibial and femoral components match the geometry space of the targeted
populations, but the shapes of the components were selected as reflected in the
aspect ratios to closely parallel the aspect ratios of the targeted populations
computed from the geometry space, as can be seen in plots 40, 50 of Figures 4 and
5. These figures represent the aspect ratios (ML dimension / AP dimension x 100) of
the femoral components (Figure 4) and tibial components (Figure 5) plotted (as dots
42, 52, respectively) against the aspect ratios of the targeted populations, as
indicated by the regression lines 44, 54.

[0043] It is noted that in the selection of appropriate components, an
oversized femoral component in the ML direction may lead to impingement with
surrounding soft tissues, which may be an issue medially where impingement with
the medial collateral ligament complex would occur. An undersized femoral
component in the ML direction is less problematic. In the AP direction, an
undersized femoral component may lead to notching of the anterior femoral cortex
with the potential for fracture of the distal femur, unstable patellar tracking with the
possibility of patellar subluxation or dislocation, and a tibiofemoral joint that is too
loose in flexion, potentially causing instability in loading conditions requiring higher

amounts of flexion, such as getting in and out of a chair or ascending stairs. An
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oversized femoral component in the AP direction may lead to overstuffing of the
patellofemoral joint with excessively high patellofemoral loads and abnormal
patellar tracking, and to a tibiofemoral joint that is overly tight in flexion, possibly
leading to restricted range of motion and abnormally high tibiofemoral loads in
flexion. These considerations are also taken into account when shaping the femoral
and tibial components.

[0044] In order to provide for efficient transmission of loads through the
knee, the tibial component will be in contact with the denser outer cortical rim of the
proximal tibia. An oversized tibial component may impinge with surrounding soft
tissues, possibly causing irritation, restricted motion and discomfort. An undersized
tibial component may cause loads to be transmitted through the weaker trabecular
iibial bone, possibly causing bony damage with component subsidence and
loosening,

[0045] In order to minimize or avoid occurrence of the above complications
caused by improperly sized components, a testing protocol can be used that confirms
coverage by the proposed component sizes in an intraoperative setting. One
exemplary testing protocol involves the use of plastic templates that represent the
footprints of the geometries of all of the sizes of the femoral and tibial components
presented above in Figure 3, and placing these templates against their respective
resected bony surfaces in actual surgical procedures. The templates for the femoral
component sizes can have lines scribed on them to indicate where the anterior and
posterior cuts will be made and where the intercondylar notch will be positioned.
This assessment is made on the proximal tibial resection and the distal femoral
resection before anterior, posterior and chamfer cuts are made, and on a straight
patellar resection. The template size that best fits a resected surface is based on a
subjective visual assessment of the adequacy of coverage. A detailed description of
the adequacy or inadequacy of the coverage is recorded, including documentation of
specific areas where problems might be evident. Direct measurements of the AP and
ML dimensions of the resected surfaces can also be made with intraoperative
calipers and recorded. Using the distal femoral resection as a base, templates can

also be employed to assess the dimensions of the resected surface of the anterior
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femoral condyles that will interface with the femoral component’s patellar flange, as
will be described further below.

[0046] Figures 6 and 7 illustrate an exemplary step of determining the
patellar geometry for a targeted population. This information can be used to help
guide the design of the trochlea of the femoral component. In this embodiment of
the invention, the trochlea will articulate with either or both of the native patella and
any dome-shaped patellar implants, as discussed herein. Although there can be
variations in the geometry of the patellae, some average dimensions of the native
patella were used to guide the design of the trochlea and patellar components. In an
exemplary embodiment, an average native patella 60 was constructed based largely
on dimensions from the targeted population in the literature, as shown in Figure 6.
Figure 7 illustrates this average patella 60 as it can be located relative to and
articulates with a corresponding femoral component 62 of an exemplary implant,
[0047] In general, the patellar components of the invention are based on a
modified-dome configuration so that any size patellar component can articulate with
any size femoral component with at least line contact. The radii forming the
modified-dome design insure that at least line contact will occur with the femoral
component trochlea and intercondylar notch. The patellar components are based on
an average patellar facet angle of native patellac from the targeted population, as
illustrated in Figure 10, for example, which is discussed below.

[0048] It is understood that native patellac come in a variety of different
shapes and sizes; however, the unresurfaced native patella will attempt to eventually
conform to the geometry of the opposing femoral component’s trochlear surface by
a process of bedding-in or remodeling, producing a gradual adaptation of the retro-
patellar surface and subchondral bone plate to the shape of the implant’s trochlear
articular surface. In addition, native patellae are covered with a layer of
compressible articular cartilage, the thickness of which depends on the severity of
the arthritic process (e.g., approximately 2 to 4 mm). In spite of the fact that the
native patella can tolerate the trochlea in this manner, having the initial geometry of
the two be as compatible as possible will minimize the sclerosis and subsequent
further cartilage degradation that can occur as a result of this remodeling process.

This average native patella can be used as a comparative model so that the design of
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the femoral trochlea will accommodate this average geometry as closely as possible,
while, articulating with a series of modified dome-shaped patellar implants with as
large of a contact area as possible. |

[0049] Referring now to Figures 8-10, an embodiment of a patellar
component 70 and its associated design is shown and described. With this
embodiment, the design of the articular surfaces of the patellar component 70 will be
coordinated with the design of the femoral component’s trochlea and intercondylar
notch to insure proper patellofemoral tracking with maximum contact throughout
flexion, wherein the patellar articular surfaces will drive the trochlear articulation
design. Although a patellar component with a spherical, dome-shaped geometry may
be considered to be the most ‘forgiving’ design with respect to accommodating
minor degrees of malpositioning, purely spherical components may result in point
contact with subsequent polyethylene wear and eventual deformation when
articulating with the trochlear surface, as well as with the extension of the trochlear
groove concavity (:;nto the inner portion of the femoral condyles adjacent to the
intercondylar notch with later flexion. Because of the desire to provide a patellar
component with increased metal-to-plastic contact, as well as the desire to provide a
patellofemoral articular surface that articulates with native patellae, the modified
dome shape for the patella 70 is used in accordance with the invention. This design
is intended to ensure at least line contact with the trochlear surface and its extension
into the intercondylar notch throughout flexion. The articular surface of the modified
dome of the patella 70 will be achieved by a combination of a céntral convex radius
that blends with a larger outer concave radius that will be extended so that different
widths of patellar components can be obtained with the same articular surface
design, as is shown in Figures 8 and 9. This design recognizes that larger
patellofemoral contact areas can be more advantageous. All sizes of patellar
components will preferably be able to interchangeably articulate with all sizes of
femoral components in this embodiment.

[0050] Referring also to Figure 10, the mean + standard deviation of the
angle 74 of the native patellae for a targeted population is 133° + 6°, The equivalent
patellar facet angle of a patellar component needs to approximate this, as well as

interact with the sulcus angle (see Figure 13) of the trochlea of the femoral
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component to achieve at least line contact with the trochlear articular surface and its
extension onto the intercondylar notch during patellofemoral tracking. As
mentioned above, this target patellar facet angle 74 for the patellar component will
encompass a central convex radius that blends with a larger outer concave radius
that will be extended so that different widths of patellar components can be obtained
with the same articular surface, as is shown in Figures 8 and 9. Coordinating the
design of the femoral trochlear articular surface and its extension into the
intercondylar notch with a patellar component design based on an anatomical
patellar facet angle ensures that the patellofemoral articulation will accommodate
both resurfaced and unresurfaced patellae.

[0051] With continued reference to Figures 8 and 9, in determining the
widths of the patellar component, an undersized width may cause impingement
between the periphery of the patellar bone remaining after resection and the facets of
the trochlear articulating surface, possibly leading to abnormal patellofemoral
tracking and patellar fracture. A patellar component with an oversized width may
result in the component riding high with point contact on the ridges of the trochlear
facets, and in possible overstuffing of the patellofemoral joint, again, leading to
abnormal patellofemoral loading and tracking, and quadriceps function. With regard
to the height of the patellar articular surface, the same thickness of the articulation of
a patellar component of the invention can be used on all component sizes for a
targeted population so that any patellar component can be interchangeably used on
any femoral component trochlea.

[0052] In accordance with the invention, the trochlear surface is configured
to articulate with both a native patella and a resurfaced patelia. In particular, the
trochlear articulating surface is configured to accommodate both an average-sized
native patella for the targeted population, along with the modified dome-shaped
patellar implants described herein (e.g., patella 70), with at least line contact and
stable patellofemoral tracking. The geometry of the trochlear articular surface can
be “carved into” the patellar flange by passing the articulation of the patellar
component through the patellar flange within the constraints of the following: lateral
offset and angulation of the trochlear groove; anterior radius of the lateral femoral

condyle in the sagittal plane; trochlear groove based on a segment of a circle; a

11
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sulcus angle that is deep and limited to less than 145°; and a lateral ridge that is
more prominent than the medial ridge. Further, the trochlear articulation is extended
onto the intercondylar notch area with a smooth transition and continued (at least)
line contact throughout the range of motion.

[0053] With continued reference to the femoral component, the medial and
lateral posterior condylar widths of an average-sized femoral component can be
referenced to the means of these measurements from a targeted population, wherein
the medial and lateral posterior condylar widths will be generally equal in each
femoral component. Similarly, the medial and lateral posterior condylar heights of
an average-sized femoral component can be referenced to the means of these
measurements from a targeted population, wherein the medial and lateral posterior
condylar heights will be generally equal in each femoral component. In addition, the
width and anteromedial and anterolateral heights of the patellar flange of an
average-sized femoral component can be referenced to the means of corresponding
measures from resected surfaces for the targeted population, and anteroposterior
lengths of the lateral femoral condyle in the sagittal plane of an average-sized
femoral component can be referenced to the mean of this measure for the targeted
population.

[0054] A number of additional relationships can be considered relative to the
configuration of the femoral components of the invention. The peak-to-peak
spacing between the anteromedial and anterolateral condyles of the patellar flange of
an average-sized femoral component can be referenced to the mean of the
corresponding measure from resected surfaces for the targeted population. The
spacing between the posterior-most points of the posteromedial and posterolateral
condyles of an average-sized femoral component can be referenced to the mean of
the corresponding measure for the targeted population. The sagittal profiles of the
medial and lateral posterior femoral condyles of an averaged-sized femoral
component can be represented by a single radius of curvature referenced to the mean
of corresponding measures for the targeted population, wherein the medial and
lateral posterior condylar radii can be equal in each femoral component.

[0055] In the sizing of components, representative dimensions can be used

for a tibial post (cam), intercondylar box, and coronal radius of curvature for
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multiple selected component sizes. Such dimensions can be based on a
configuration in which the coronal curvature of the posterior and distal femoral
condyles are provided with a single radius for all sizes of femoral components, and
can be further based on a configuration in which the curvature of the posterior and
distal femoral condyles in the coronal plane: (1) provide for at least line contact
when articulating with the mating tibial condyles; and (2) allow for
interchangeability when mating with different-sized tibial components. To
accomplish this, the same single radius of curvature (e.g., 30 mm) can carry around
the profile of the posterior and distal sagittal radii for all femoral component sizes.
In the coronal plane, the center for this radius will be a fixed distance from the
center of the intercondylar box (and tibial post (cam)) for all of the femoral
component sizes. The only difference between sizes will be the extent to which this
radius will be extended toward the medial and lateral sides of the component to
obtain the desired component medial-lateral width. The same concept can be applied
to the larger coronal radii of the tibial component so that there is partial conformity
to allow for component ‘laxity” in flexion. In addition, this partial conformity will
accommodate the occurrence of abduction/adduction and condylar lift-off without
edge loading or damage to the post, which may be made of polyethylene, for
example. Thus, the intercondylar box width, height and wall thicknesses, tibial post
width and height, and relative clearance allow some degree of interchangeability
between adjacent sized components.

[0056] Figure 11 illustrates a configuration of an implant component 80 of
the invention in which the proximal trochlear groove is asymmetric and angulated
laterally. An asymmetric patellar flange increases the probability that the patella will -
become centered in the trochlear groove 82 without subluxing or dislocating during
patellofemoral tracking from extension to early flexion, while subjecting it to a
normal level of contact force. An asymmetric patellar flange of the invention can
extend and lateralize the patellar groove in the supracondylar region (e.g., the
position the patella occupies is from 0° to approximately 30° flexion) in order to
more easily and smoothly guide the patella, which normally rides high laterally in
extension, into the trochlear groove 82 without subjecting it to high contact forces or

to a discontinuity in its motion by riding over an edge. The trochlear groove 82 can
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be angled at approximately 7° laterally, for example, wherein this lateral tilt will
begin at the entrance of the intercondylar notch and extend proximally to the top of
the patellar flange,

[0057] The distal portion of the trochlear groove 82 (or sulcus) is positioned
lateral to the midline of the femur in the frontal plane in normal anatomy, as also
shown in the femoral component of Figure 11. A lateral offset (e.g., 3 mm) of the
distal groove from the center of the component 80 will be built into the patellar
trochlea in the proposed design, which is the average of the values that can be found
in the art. This, together with positioning the femoral component in approximately
3¢ of external rotation, will sufficiently lateralize the sulcus to more closely match
the normal anatomy and provide for proper patellofemoral tracking.

[0058] Figure 12 is a representative example of a sagittal profile of the
lateral femoral condyle for six sizes of a femoral component 88 of the invention. As
shown, the anterior, distal and posterior femoral condylar radii form the sagittal
profile of the component, along with the slanted geometry of the intercondylar box
and anterior tilt of the patellar flange (e.g., 3°). The anterior profile of the lateral
femoral condyle in the sagittal planc will form the boundary condition from which
all other trochlear design features will be defined. The anterolateral radius will be
defined while considering the overall anteroposterior dimension of the lateral
femoral condyle, and the curvatures of the posterior and distal femoral condyles in
the sagittal plane. The anterolateral radius will also play a role in the tibiofemoral
conformity limiting hyperextension and limiting ‘laxity’ in and near extension. The
anterior tilt of the patellar flange allows for easier installation of the femoral
component on the distal femur, and reduces the chance of notching the anterior
femoral cortex with subsequent fracture, ‘

[0059] The geometry of the trochlear groove used in an embodiment of the
invention can be based on a segment of a circle so that the center of the patella will
move in a circular pattern when engaged in the trochlea during flexion. A best-fit
circular surface can be determined, and the mean value for the radii of such a circle
as determined from the literaﬁzre, plus or minus 2 standard deviations, will serve as a
reference for the build-out of femoral component sizes of the invention, wherein the

trochlear groove will be offset from the center of the trochiea and angulated
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approximately 7 degrees laterally, rather than being perpendicular to the distal
femoral resection and parallel to the mechanical axis of the knee. As such, this
circular profile of the trochlear groove will not have a clear radius, but will be offset
and tilted, and thus, described in cross sections through the trochlea.

[0060] Figure 13 illustrates an exemplary difference in heights between
medial and lateral trochlear facets, in accordance with the invention. That is, the
lateral ridge of the trochlear articulation will be more prominent than the medial
ridge, wherein a high lateral ridge is better able to guide the patellar component into
the trochlea in early flexion, and, together with a deepened trochlear groove, is
better able to contain the patellar component within the groove with more normal
patellofemoral tracking with less patellar tilt and rotation, and decrease the chances
for patellar subluxation or dislocation. The anterolateral sagittal femoral radius
provides a border for the trochlear surface. As is also shown in Figure 13, the sulcus
angle is the angle between lines CB and CD (i.e., angle BCD), as points B and D are
determined as the high points of the trochlear facets, and point C is at the bottom of
the trough (i.c., the trochlear groove) between these high points. The trochlear
surface is based on an average sulcus angle determined from a target population, and
the geometry of the trochlear groove is based on a segment of a circle, also
determined from a target population.

[0061] The actual geometry of the trochlear articulation will be the same for
all femoral component sizes, but the periphery of the patellar flange will be extended
to satisfy the size condition of the anterior femoral resection. The patellar
component’s articulation will be designed in the same way, such that the articulation
will be the same on all components, but will be extended out to the sides to generate
different component sizes. In this way, any patellar component size will be able to
mate with any femoral component size with complete interchangeability and at least
line contact.

[0062] Figures 14-17 are images showing patellofemoral contact from
extension to increasing flexion. In an embodiment of the invention, the relative
geometries of the patellar and trochlear articulations will be such that there will be
lower patellofemoral conformity in extension to 20°-30° flexion so that a patella 90

will be guided into a trochlea 92, as is illustrated in Figure 14. With further flexion,
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there will then be greater conformity and contact between the patellar and trochlear
articulations, as is illustrated in Figure 15. The trochlear articulation will then
smoothly transition into the intercondylar notch, as is shown in Figure 16, and
continue onto the intercondylar region, as is shown in Figure 17, so there will be at
least line contact between the patellar and femoral component surfaces, The
trochlear groove will be of sufficient depth and tailored to the geometry of the
patellar component so that there will be as large of a contact area as possible with
the patellar component (at least line contact and no point contact), less total and
shear loads on the patellar component, and more normal patellofemoral tracking,
[0063] In accordance with the invention, since the articulation of the patellar
components will be based on an average patellar facet angle for a target population,
and since the trochlear articulation will be based on an average sulcus angle for a
target population, the femoral component trochlear surface will subsequently also be
able to articulate with an average-sized unresurfaced patella with a high degree of
conformity, as is illustrated in Figure 7.

[0064] The following testing protocol provides an exemplary manner of
measuring both patellofemoral and tibiofemoral contact areas and relative motion,
which uses a three-dimensional coordinate device to measure the coordinates of
grids on all articular surfaces of interest on all implant components (patellar, femoral
and tibial articulations, including the cam surfaces), as well as reference points on
each component. Grids are transformed to local coordinate systems on each
component, Tibial, femoral and patellar components are then implanted in synthetic
knee joints that are, in turn, mounted in a “bench-top” knee testing rig. Knees are
extended from a flexed position by pulling on the synthetic knee’s quadriceps
mechanism. At each flexion angle, positions of reference points on each component
are re-measured in an unloaded state, with a compressive load applied, and with a
compressive load with a superimposed anterior/posterior shear load,
internal/external rotation moment and abduction/adduction moment. After each load
condition is applied, the relative tibiofemoral and patellofemoral motions are
computed, as well as the relative distances between the respective grid points on the
surfaces of interest. Contact is considered to have occurred when these distances are

less than a predetermined cut-off distance. This process provides a neutral path of
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motion over the range of flexion-extension (with and without compressive forces),
as well as the laxities about this neutral path (as a result of superimposed shear loads
and moments). The following points to be evaluated below are then addressed
through the data generated with this protocol. This process is repeated for each pair
of matched tibial and femoral component sizes, as well as tibial and femoral
components that are interchanged with one size up and one size down. All patellar
component sizes are also tested with all femoral component sizes.

[0065] As set out above, for the patellofemoral articulation, the
measurements made are intended to confirm the following configurations and/or
relationships: at least line contact between the modified dome-shaped patellar
component and trochlear articulation of the femoral component (i.e., no point
contact); at least line contact between the patellar component and extension of the
trochlear articulation along the edges of the intercondylar notch of the femoral
component (i.e., no point contact); contact between the patellar component and
trochlear articulation will be down the center of the trochlear groove during flexion
(i.e., not along the sides or edge of the trochlea); contact between the patellar
component and extension of the trochlear articulation along the intercondylar notch
will be balanced on both sides of the notch (i.e., not along one side or the other); the
patella rides high in the suprapatellar region in extension, and is guided into the
trochlea in early flexion (e.g., extension to 20°-30° flexion); the patella rides at the
bottom of the trochlear groove during flexion from 20°-30° to 90°-100°, such that
there is no medial/lateral tilt or rotation due to poor tracking; the patella rides in the
middle of the extension of the trochlear articulation along the intercondylar notch
through maximal flexion; and a smooth transition of the patella exists between the
articulation with the trochlea and the articulation with the notch.

[0066] The protocol above can be modified by using miniature pressure
sensors, instrumented components or pressure-measuring films applied to the
surfaces of interest to directly measure contact area, rather than predicting contact
areas by the above grid/kinematics approach. The protocel can also be modified by
implanting components in cadaveric knee specimens.

[0067] Referring now to Figure 18, an image of an example of the

continuation of the trochlear articulation surface 100 onto the intercondylar region
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102 is illustrated. Improper patellofemoral articulation in the intercondylar region
may result in 2-point contact with possible wear and deformation of the
polyethylenelpatellar component, abnormal patellofemoral loads and tracking in
extreme flexion, or catching or locking of the patellar component in the
intercondylar notch. In order to avoid this situation, the trochlear articulation
surface 100 described above will be continued onto the inner portion of the femoral
condyles that border the intercondylar notch 102 so as to provide increased
patellofemoral congruency in flexion, thereby allowing at least line contact and
minimizing the chance for 2-point contact, as is shown in Figure 16. This will be
achieved in the femoral component through the coordinated design of the trochlear
articular surface, the blending of this surface with the coronal and sagittal profiles of
the distal femoral condyles, and the modified-dome articular surface of the patellar
component, all of which are described above.

[0068] Additional optional features can be incorporated into the design and
selection of the femoral component. For example, the components can be designed
to provide for a smooth transition area 104 in patellar tracking between the trochlear
articular surface 100 and the extension of that surface onto the borders of the
intercondylar notch 102. This can be achieved through the coordinated design of the
trochlear articular surface, the blending of this surface with the coronal and sagittal
profiles of the distal femoral condyles, the extension of the trochlear surface onto the
edges of the intercondylar notch, and the modified-dome articular surface of the
patellar component, all of which are illustrated with respect to Figure 18.

[0069] The distal femoral radius in the sagittal plane is used to connect the
trochlea with the posterior femoral condylar radius while maintaining the overall AP
depth of the femoral condyle. This radius will allow the anterior and posterior
contours of the features of the femoral component in the sagittal plane to blend
while still preserving the prescribed anteroposterior dimension of the component,
When building out the femoral component sizes, the magnitudes of the distal
femoral radii will be such that they preferably allow the anterior trochlear profiles to
blend with the posterior femoral radii within the confines of the overall AP

dimension of the femoral component. In addition, the design of the trochlear
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articulation can be coordinated with the anterior tibial condyle so that there is
maximum tibiofemoral conformity in hyperextension and extension.

[0070] In an embodiment of the invention that is illustrated in Figure 19, an
intercondylar box ratio that is less than 0.7 will minimize patellar clunk and crepitus,
and an intercondylar box ratio of greater than 0.8 will run the risk of increased
incidence of patellar clunk and symptomatic or asymptomatic crepitus. Clunk and
crepitus can be further minimized by rounding the edges 106 of the transition
between the trochlea and entrance into the intercondylar notch, as shown in Figure
18. These relationships are described in further detail with regard to Figure 19,
which illustrates the intercondylar box ratio as the AP depth 112 of the intercondylar
box 110/ AP depth 114 of the femoral component. In particular, a fibrous nodule
sometimes forms next to the patella when the quadriceps tendon impinges with the
intercondylar notch of a posterior-stabilized femoral component in flexion. Patellar
clunk occurs when the nodule becomes entrapped in the notch in deep flexion, with
an audible clunk resulting as the nodule escapes with extension, Painful or painless
crepitus occurs when a smaller tissue mass grates against the notch with
flexion/extension. The low intercondylar box ratio illustrated in Figure 18 moves the
entrance inio the notch (and box) 106 posteriorly so that the quadriceps tendon
contacts the notch later in flexion, thereby reducing clunk and crepitus.

[0071] Referring now to Figure 20, an exemplary embodiment is illustrated
of the position of a cam follower 146 of a femoral component 140, and the height of
the tibial post 142 and intercondylar box 144 for multiple sizes of femoral
components. In accordance with this aspect of the invention, the height of the
intercondylar box 144 can accommodate the cam mechanism and allow for some
degree of interchangeability among sizes, while minimizing the amount of femoral
bone removal. In particular, for each of the femoral component sizes that have been
chosen to cover the geometry of the targeted population discussed above, the (1)
height and curvature of the posterior femoral condyles, (2) curvature of the posterior
tibial articulation, (3) height and position of the tibial post (cam) 142, and (4)
position of the femoral cam (cam follower) 146 as related to the height of the
femoral intercondylar box 144, will all be designed and balanced in such a way so as

to (1) produce cam engagement at 50-55° flexion, (2) provide approximately 12 mm
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of femoral rollback so as to allow 130° of flexion and a proper quadriceps moment
arm, (3) prevent the femoral component 140 from rolling off the end of the tibial
component in extreme flexion, (4) prevent femoral component roll-forward in early
flexion, (5) have the contact between the cam follower and post progress down the
post with increasing flexion, and (6) provide an additional stop at extension and
hyperextension without polyethylene deformation. With the larger components the
cam and cam follower need to change position and shape in order for all of this to
occur. The intercondylar box 144 will have a different height on each size since the
cam location varies due to the growth of the condyles, creating longer articulations
as the component size increases. The heights of the intercondylar boxes 144 for the
femoral component sizes are defined such that minimal amounts of femoral bone
will need to be removed while still maintaining the desired function of the cam
mechanism.
[0072] An intercondylar box that is too large would require removal of too
much femoral bone that could weaken the anterior femoral cortex or the medial and
lateral femoral condyles, possibly resulting in an intraoperative or postoperative
periprosthetic fracture. Thus, one desired feature related to the design of an

. intercondylar box 150 of a posterior-stabilized knee implant of the invention is to
conserve as much femoral bone as possible by making the box 150 with a low
profile while still maintaining the desired function of the cam mechanism. In order
to achieve this outcome and conserve bone, the intercondylar box 150 will be
angulated downward from a back end 156 to a front end 158 and have an open top
area 152, as shown in Figures 21 and 22. The intercondylar box 150 will be grown
out over the femoral component sizes while maintaining the function of the cam
mechanism. The preparation of the femoral bone to accommodate the intercondylar
box can be made with simple bone cuts using a saw or osteotome. In addition, the
intercondylar box 150 can have an open section on its top surface 152 to prevent the
extreme top of the polyethylene post 154 of the tibial component from impinging
with the inner surface of the top of the intercondylar box during range of motion
with functional activities.
[0073] Figure 23 illustrates an embodiment showing the limit of

hyperextension by contact of the inner face of an intercondylar box 162 with the

20



WO 2014/124239 PCT/US2014/015276

anterior face of a post 164 of a tibial component 160. In particular, the angulated
intercondylar box design with its partially opened top 168 (discussed above) can
include a sufficiently sized anterior inner surface 162 that will be oriented and
positioned to contact the anterior face of the post 164 of tibial component 160 so as
to provide a secondary stop to hyperextension. The primary stop to hyperextension
is provided by a high degree of conformity between the tibiofemoral articular
surfaces anteriorly, including a build-up of material in an anterior intercondylar
region 174.

[0074] Additional or extra material 176 can be added to the backside of the
patellar flange to strengthen the flange under the trochlear groove. This may be done
so that the patellar flange can structurally support the details of the patellofemoral
articulation, particularly in the region of the trochlear groove. In order to do this,
extra material 176 will be added to strengthen the backside of the patellar flange in
the region of the trochlear groove as is illustrated in Figure 23. This material will be
provided with a radius so that it can be accommodated by easy removal of 2 minimal
amount of femoral bone using a rasp.

[0075] In order to achieve particular amounts of femoral component rollback
with flexion, the femoral component is located on the tibial component with
prescribed amounts of femoral rollback as a function of flexion angle, and then the
locations of the contact between the tibial cam (post) and femoral cam follower
surfaces needed to achieve that rollback are plotted. In this way, the anteroposterior
and superoinferior position of the cam follower and the geometry of the posterior
articulating face of the post are determined for each of the component sizes. This
will be done so that the contact between the cam follower and post progresses down
the post with increasing rollback and flexion, and at extreme flexion, the contact
with the femoral component will be at least 5 mm from the posterior edge of the
tibial component.

[0076] The intercondylar box growth over femoral component sizes
described above will allow some degree of interchangeability between adjacently
sized tibial and femoral components. That is, when performing total knee
arthroplasty, a surgeon may achieve proper coverage of the resected distal femur

with a suitably sized femoral component, but may find that the equivalent sized
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tibial component does not similarly achieve adequate coverage of the proximal tibia,
Thus, the devices and methods of the invention advantageously match the femoral
component with a tibial component that is one size smaller or one size larger.
Component interchangeability can be assessed by creating plastic prototypes of the
different component sizes, and qualitatively determining cam function and relative
tibiofemoral motion when adjacent sizes of tibial and femoral components are
interchanged.

[0077] It is recognized that given the constraints of the AP and ML
dimensions of the tibial component sizes described herein (e.g., the sizes in the table
30 of Figure 3), the shapes of the components are scaled, based on geometry data
from a targeted population, so that they maximize the coverage of the corresponding
resected tibial surfaces. That is, in order to provide for efficient transmission of
loads through the knee, the tibial component needs to be in contact with the denser
outer cortical rim of the resected proximal tibia. An oversized tibial component may
impinge with surrounding soft tissues, which can possibly cause tissue irritation,
restricted motion and general discomfort. An undersized tibial component may cause
loads to be transmitted through the weaker trabecular tibial bone, possibly causing
bony damage with component subsidence and loosening, Thus, close approximation
between the tibial component profile and the resected tibial surface is important.
[0078] Another consideration for the tibial components is that the anterior
radius in the sagittal plane can be designed in combination with the anterior
curvature of the corresponding femoral component so as to produce a high degree of
conformity in hyperextension, extension and early flexion. That is, the anterior
radius of the tibial component in the sagittal plane will have a suitable magnitude
that, when combined with the corresponding radius of the femoral component
(defined primarily to provide a boundary condition for the design of the trochlear
articulating surface), will produce this high level of conformity and stability with
corresponding low levels of rotational ‘laxity’. These considerations help to produce
a broad contact area to limit motion and polyethylene damage in hyperextension, as
will be discussed in further detail below. The femoral components’ anterior radii and
the need for stability in and near extension and early flexion will drive the

magnitude of the anterior tibial radii. Anterior tibial radii will be similar in
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magnitude (or perhaps slightly larger) when compared to the corresponding anterior
femoral radii, and can range from approximately 24 mm to 38 mm over a series of
tibial and femoral component sizes, for example.

[0079] Implant components that are provided with improper tibiofemoral
conformity in flexion will lead to compromised cam function with either too much
or too little posterior femoral rollback and tibiofemoral laxity. Excessive laxity and
rollback may cause the femoral component to roll off the back of the tibial
component, possibly leading to tibial loosening or polyethylene damage. To avoid
these issues, in accordance with the invention, the posterior radius of tibial
components in the sagittal plane will be selected in combination with the posterior
condylar curvature of the corresponding femoral component so as to allow desired
levels of posterior femoral roll-back and rotational laxity in flexion.

[0080] It is also desirable in total knee arthroplasty to have low conformity
in the posterior tibiofemoral articulation so that the components are able to respond
to the posterior rollback generated by the cam mechanism with increasing flexion
beyond cam engagement, and are able to accommodate transverse rotational laxity,
as well as abduction/adduction and medial/lateral lift-off. The posterior radius of the
tibial component in the sagittal plane will have a suitable magnitude so that, when
combined with the corresponding height and radius of the posterior femoral |
condyles and the details of the cam mechanism, will accommodate posterior femoral
rollback, transverse rotation, abduction/adduction and condylar lift-off in flexion.
This is important for attaining a desired range of flexion and proper muscle function
(particularly the quadriceps). The magnitude of the femoral components’ posterior
radii and the need for posterior rollback and the accommodation of transverse
rotation in flexion will drive the tibial sagittal radii. Posterior tibial radii can range in
the neighborhood from 20 mm to 26 mm, for example, and will be significantly
larger than the respective femoral component radii (16 mm to 24 mm) in order to
achieve low conformity.

[0081] Figure 24 illustrates a posterior tilt provided for the tibial component
180 in the sagittal plane incorporated into the component’s articulating surface. In
other words, the illustrated posterior slope is incorporated into the blend 182

between the anterior and distal tibial sagittal radii. Proper selection of the posterior
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tilt is important to avoid posterior tibiofemoral subluxation caused by too large of a
posterior tilt of the tibial component 180, to minimize or avoid increased |
polyethylene wear of the posterior portion of the tibial condylar surface, and also to
minimize or avoid a reduction in femoral rollback with flexion. On the other hand,
an insufficient amount of posterior tilt of the tibial component 180 will also
negatively affect range of motion by increasing the chance that the posterior femoral
bone would contact the posterior lips of the tibial component 180 before a suitable
amount of flexion is obtained.

[0082] In accordance with the invention, the posterior slope of the tibial
condyles can be reproduced in TKA through either a posterior-tilted proximal tibial
resection or through building a posterior tilt into the component itself, thus allowing
the proximal tibial resection to be perpendicular to the mechanical axis. Althongh
posterior tibial slopes in un-operated knees are often greater than 8 degrees, a
posterior tilt of the tibial component of greater than 7-8 degrees is considered to be
unfavorable since it may lead to posterior tibiofemoral subluxation, increased
polyethylene wear of the posterior portion of the tibial condylar surface, and a
reduction in femoral rollback with flexion. Considering all of these factors, the
posterior tilt in an exemplary embodiment of the invention will be approximately 5-
7 degrees, and will be built into the tibial component articulation and not obtained
from a posterior-tilied proximal tibial resection. In the posterior-stabilized situation,
this approach is important for greater range of motion before impingement of the
posterior femoral bone with the posterior Lip of the tibial component, for proper cam
engagement at a desired target flexion angle, and for providing a backward sloping
tibial articulation that will counteract anterior femoral roll-forward. Posterior tilting
of the tibial component on the bone bed tends to result in the femoral component
needing to move through a larger range of flexion before its cam follower contacts
the tibial cam (post), thereby reducing rollback by postponing post engagement until
higher flexion angles. Thus, the intended flexion angle at which cam engagement
should take place would be compromised. Because of this, the posterior tilt will be
built into the articulation of the component where cam engagement occurs at the

intended flexion angle.
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[0083] In the coronal plane, the curvature of tibial articular surfaces of the
invention will consist of a single radius for all sizes of tibial components. In
designing this curvature in the coronal plane, it is desirable to have at least line
contact when articulating with the mating femoral condyles and to allow for
interchangeability when mating with different-sized femoral components. To
accomplish this, the same single radius of curvature (e.g., approximately 31 mm),
will carry along the entire sagittal profile of the articulation of all tibial component
sizes. The only difference between sizes will be the extent to which this radius will
be extended toward the medial and lateral sides of the component to obtain the
desired component mediolateral width. The same concept can be applied to the
slightly smaller coronal radii of the femoral component so that there will be partial
conformity to allow for some component laxity in flexion. This partial conformity
and the extension of the coronal curvature a short distance up the walls of the post
will accommodate the occurrence of abduction/adduction and condylar lift-off
without edge loading or damage to the polyethylene post.

[0084] Additional optional considerations ¢an be incorporated into a
configuration of the tibial component of the invention. One consideration is to
provide post widths that are just large enough to be structurally sound, to insure
proper cam function, and to minimize the amount of femoral bone removed. Another
consideration is to provide an implant in which the AP location of the tibial post will
be coordinated with other design features such that it will provide a stop to
hyperextension, limit posterior femoral sag and anterior femoral roll-forward in
early flexion, generate posterior femoral rollback beyond cam engagement, and
accommodate transverse rotation without rolling off the back of the tibial condyles,
Another consideration is that the tibial component can have an anterior recess to
accommodate the patellar tendon in flexion. In addition, the tibial component can
have a posterior recess to accommodate posterior soft tissues.

[0085] The components and systems of the invention recognize that failure
to allow for sufficient hyperextension in posterior-stabilized TKA systems will
increase the probability for generating damage to the anterior aspect of the
polyethylene tibial post from impingement with the notch of the femoral component,

which can possibly result in polyethylene wear debris and fracture of the post. Thus,
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designs of the invention accommodate up to 10° of hyperextension. Hyperextension
is limited to 10° through a broad contact area with a high degree of tibiofemoral
conformity and through engagement of the anterior surface of the intercondylar box
with the anterior surface of the post, and in doing so, minimizes polyethylene
damage of the post and posterior femoral sagging in extension, both of which
commonly occur in posterior-stabilized designs. However, an inadequate limit to
hyperextension may lead to increased contact stresses on the anterior aspect of the
tibial post, with potential accelerated wear and macroscopic damage and possible
failure of the tibial post. Thus, hyperextension can be mechanically limited by
anteriorly conforming tibiofemoral surfaces and contact between the anterior surface
of the intercondylar box and anterior surface of the tibial post. In an embodiment of
the invention, hyperextension is limited by broad contact between the anterior
surface of the tibial post and the anterior inner wall of the intercondylar box. The
contact area between the post and box is sufficiently large so as to generate low
contact stresses and prevent damage to the polyethylene post. This intercondylar
box/post interface works in tandem with the broad tibiofemoral contact area with a
high degree of conformity under compressive loading in the sagittal and coronal
planes. This interface and conformity, in essence, behave like the anterior cruciate
ligament in hyperextension, if it were present.

{0086] - Embodiments of the invention, as described herein, can
advantageously provide for a high degree of conformity and a relatively large
contact area in extension due to the integrated design of the femoral coronal, anterior
sagittal and distal sagittal radii, the tibial coronal and anterior sagittal radii, and the
incorporation of the posterior tibial slope into the sagittal articular contour, as
discussed herein. Similarly, embodiments of the invention further help to minimize
component “laxity” in the tibiofemoral articulation between extension and cam
engagement, due to the integrated design of the femoral coronal, anterior sagittal and
distal sagittal radii, the tibial coronal and anterior sagittal radii, and the incorporation
of the posterior tibial slope into the sagittal articular contour.

[0087] In a healthy knee, the anterior cruciate ligament (ACL) restrains the
tibia from moving anteriorly on the femur near extension, or with opposite

reference, the femur from moving posteriorly on the tibia. As a result, the ACL helps
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maintain the proper tibiofemoral contact anteriorly in extension. The ACL cannot
fulfill this particular role in a posterior-stabilized knee where both cruciates are
excised. Because of this, the femur can sag posteriorly near extension, which
abnormally biases the contact posteriorly rather than anteriorly and may prove to be
symptomatic in some cases. Posterior femoral sag causes the tibiofemoral contact to
be in an abnormally posterior position near extension, which may generate a feeling
of instability on the part of the patient during weight-bearing activities near
extension, as well as abnormal patellofemoral tracking as the patella attempts to
initially engage the trochlear articular surface near extension. In accordance with
configurations of the invention disclosed herein, however, the potential for posterior
femoral sag near extension due to the absent ACL can be reduced. This is
accomplished through contact between the anterior surface of the tibial post and the
anterior inner wall of the intercondylar box in near extension (hyperextension to
approximately 10-15 degrees flexion), which will limit the femur from sagging
posteriorly over the tibia. The contact area between the post and box will be
sufficiently large so as to prevent damage to the polyethylene post. To a lesser
extent, posterior sag will be limited near extension through a broad tibiofemoral
contact area with a high degree of conformity with compressive loading. This
interface and conformity can essentially function in place of the missing ACL.
[0088] Configurations of the invention minimize “paradoxical” anterior
femoral roll-forward in early flexion, wherein Figure 25 illustrates this situation with
superimposed images of tibiofemoral contact from extension to cam engagement
near 50 degrees, demonstrating posterior movement of tibiofemoral contact over that
range of flexion, instead of anterior roll-forward. That is, rather than posterior
rollback of the femoral component 200 that normally accompanies flexion, this
paradoxical motion means that the femoral component instead rolls forward in early
flexion. This abnormal motion is primarily attributed to the absence of the cruciates
with TKA. Anterior femoral roll-forward in early flexion limits range of motion,
compromises the efficiency of the quadriceps musculature, accelerates polyethylene
wear, and creates in the patient an unwanted feeling of instability and abnormalcy.
Embodiments of the implants of the invention minimize this abnormal motion by |

building in an anteriorly directed ramp 202 through incorporating a posterior tilt
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built into the tibial articular surface, and through highly conforming tibiofemoral
articular surfaces in extension and early flexion. In this way, the femoral component
needs to move “up-hill’ in early flexion, making it harder to roll forward. The
anterior roll-forward can also be neutralized by engaging the cam at an earlier
flexion angle so that rollback will be forced.

[0089] In accordance with the invention, contact between the tibial post and
femoral cam follower will be at least line contact with or without transverse rotation,
and will progress down the post with flexion. Wear of the polyethylene post due to
articulation of the cam mechanism, dislocation or subluxation at the cam
mechanism, or deformation or fracture of the polyethylene post, sometimes occur in
posterior-stabilized designs. The implants of the invention include a somewhat
curved interface between the post and cam follower that provides line contact to
minimize wear, wherein the contact between the post and cam follower will move
down the post with increasing flexion. Distal movement of the cam follower will
provide greater resistance to the anteriorly directed shear loads experienced by the
tibial post in high degrees of flexion, and will insure that dislocation will not occur.
That is, the components are provided with as broad of a contact area as possible at
this interface, even when transverse rotation about the neutral track occurs. The
slight curvature of the interface between the post and cam follower provide for line
contact that can be built into the cam mechanism without decreasing the size of the
post or cam follower.

[0090] As set out above, contact between the tibial post (cam) and femoral
cam follower will progress down the post with flexion, which is illustrated in
Figures 26-28. In particular, these figures show the contact between the cam
follower and the post with flexion of 55 degrees (Figure 26), 75 degrees (Figure 27),
and 105 degrees (Figure 28). Distal movement of the cam follower also provides
greater resistance to the anteriorly directed shear loads experienced by the tibial post
in high degrees of flexion.

[0091] In accordance with an embodiment of the invention, the tibiofemoral
articulation and cam mechanism will produce at least 12 mm of posterior femoral
rollback from cam engagement to 130 degrees of flexion. Tibiofemoral contact at

maximum flexion will be at least 5 mm from the posterior edge of the tibial
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component. The main reason for this roliback is that it allows the posterior femur to
clear the posterior edge of the tibial component without impingement with posterior
femoral bone in maximal flexion. Rollback and an accommodation for transverse
rotation are also important for maintaining a proper moment arm for quadriceps
function so that one can efficiently perform activities such as getting out of a chair
and going up stairs. If designed improperly, the femoral component may articulate
with the posterior edges of the polyethylene tibial component in extreme flexion, or,
even roll off the back of the tibial component. Damage to the polyethylene occurs in
cither case, not to mention the potential for compromised function with activities
requiring maximal flexion, as well as the possibility of component loosening.
Embodiments of the invention address the above issues by providing at least 12 mm
of rollback that stops 5 mm from the posterior edge of the tibia. .

[0092] In accordance with particular configurations of the invention, a
number of tibiofemoral matters are addressed, which can be confirmed through the
same testing protocol summarized earlier and applied to the patellofemoral
articulation. In particular, the contact area between the cam follower on the metal
femoral component and the cam (post) on the polyethylene tibial component is
measured to confirm the following: Cam engagement at 50-55° flexion; contact of
the cam follower with the cam progresses down the cam with increasing flexion;
contact of the cam follower with the cam occurs in the lower third of the cam
beyond 90° flexion; contact of the cam follower with the cam is at least line contact
throughout the range of flexion; contact of the cam follower with the cam is at least
line contact throughout the range of flexion with addition of internal and external
rotation; absence of contact between the cam and inner wall of the intercondylar box
with up to 4 mm of medial and lateral liftoff and 4° abduction/adduction; and
contact between the anterior face of the cam with the anterior inner wall of the
intercondylar box is at least area contact in hyperextension (i.e., no line contact
between the femoral notch and base of the cam).

[0093] The contact area of the articulation between the metal femoral
component and polyethylene tibial component (tibiofemoral articulation) can also be
measured using the same previously described testing protocol to confirm the

following: tibiofemoral contact in hyperextension occurs in the anterior half of the
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tibial articulation, and is at least area contact in both medial and lateral condyles
(high degree of conformity without posterior sagging of the femoral component that
occurs because the ACL is absent); anterior tibiofemoral contact at extension and
early flexion is in the anterior half of the tibial articulation, and is at least area
contact in both medial and lateral condyles (high degree of conformity without
posterior sagging of the femoral component that occurs because the ACL is absent);
tibiofemoral contact throughout the range of flexion is at least line contact; at least
12 mm of posterior femoral rollback between cam engagement at 50-55° flexion and
maximum flexion (130° flexion); tibiofemoral contact at maximum flexion at least 5
mm from the posterior edge of the tibial component; tibiofemoral contact from
extension to cam engagement at 50-55° flexion will remain stationary or progress, to
some degree, posteriorly (there will be no paradoxical ‘roll-forward’ motion of the
femur in early flexion).

[0094] Finally, the tibiofemoral kinematics can be measured using the same
previously described testing protocol to confirm the following: attainment of 10°
hyperextension; attainment of 130° flexion; minimal transverse rotational ‘laxity’
between hyperextension and cam engagement at 50-55° flexion; accommodate at
least 10° to 12° rotational laxity in both internal and external directions from cam
engagement to just before 120°-130° flexion; reduction in transverse rotational
laxity from 120°-130° flexion so that the posterior femoral condyles don’t run off
the back of the tibial articular surface at maximal flexion; accommodate up to 4°
adduction/abduction throughout the flexion range; accommodate up to 3-4 mm of
medial and/or lateral lift-off throughout the flexion range; absence of posterior
sagging of the femoral component from hyperextension to cam engagement; and
absence of rolling-forward of the femoral component in early flexion before cam
engagement,

[0095] In accordance with the invention, the tibiofemoral articulation will
accommodate in the neighborhood of 15° transverse rotation, 4° of
abduction/adduction and up to 4 mm of condylar lift-off in later flexion after cam
engagement. In particular, rollback and an accommodation for transverse rotation
are also important for maintaining a proper moment arm for quadriceps function so

that one can efficiently perform activities such as getting out of a chair and going up
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stairs. Adequate transverse rotation is made possible in the designs of the present
invention by the clearance between the tibial post and walls of the femoral
intercondylar box, the partial conformity of the tibiofemoral articulation in the
sagittal and coronal planes, and the curved articulation between the femoral cam
follower and tibial post, wherein up to 4° of adduction can occur during gait. In
addition, condylar lift-off occurs in a large percentage of patients where there is a
separation of the tibiofemoral contact surfaces during weight-bearing conditions due
to absence of the cruciate ligaments. The designs of the present invention also
accommodate this abduction/adduction and lifi-off while minimizing polyethylene
wear and damage.

[0096] As discussed above, interaction of articular conformity and cam
mechanics will limit transverse rotation so that the femoral condyles do not roll off
the back of the tibial condyles in extreme flexion. That is, as is set out above,
tibiofemoral contact at maximum flexion will be at least 5 mm from the posterior
edge of the tibial component. If large amounts of transverse rotation are
superimposed on that constraint, the femoral condyles may still roll off the back of
the tibial component. An embodiment of the invention will include further
constraints to limit the amount of transverse rotation that can occur in late flexion,
Rotation in extreme flexion can be limited to levels less than rotations occurring
earlier in the flexion range, which can be accomplished with the implants of the
invention through the coordinated design of the height and width of the posterior
femoral condyles, the relative curvatures of the posterior tibial and femoral
components that come in contact at extreme flexion, and the details of the cam
mechanism,

[0097] The present invention has now been described with reference to
several embodiments thereof. The entire disclosure of any patent or patent
application identified herein is hereby incorporated by reference. The foregoing
detailed description and examples have been given for clarity of understanding only.
No unnecessary limitations are to be understood therefrom. It will be apparent to
those skilled in the art that many changes can be made in the embodiments described

without departing from the scope of the invention. Thus, the scope of the present
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invention should not be limited to the structures described herein, but only by the

structures described herein and the equivalents of those structures.
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Claims

I. A knee implant for use in total knee arthroplasty, the implant comprising;

a femoral component comprising a trochlear groove and an intercondylar
notch;

a tibial component engaged with the femoral component; and

a patellar component having an upper domed surface, wherein the domed
surface is configured for at least line contact articulation with the trochlear groove
of the femoral component.
2. The knee implant of claim 1, wherein the femoral component comprises a
base portion from which a plurality of asymmetric patellar flanges extend.
3. The knee implant of claim 1, wherein the femoral component comprises a
body having a central plane, wherein the trochlear groove is located laterally from
the central plane and is angulated laterally, and wherein the trochlear groove
comprises a raised lateral ridge configured for accepting and guiding the patellar
component into the trochlear groove at an initial flexion between the patellar and
femoral components and then maintain normal tracking throughout continued
flexion between the patellar and femoral components.
4, The knee implant of claim 3, wherein the trochlear groove is angled at
approximately 7 degrees laterally from an entrance of the intercondylar notch to a
top of a patellar flange.
5. The knee implant of claim 1, wherein the upper domed surface of the
patellar component comprises a non-spherical shape.
6. The knee implant of claim 5, wherein the shape of the upper domed surface
of the patellar component comprises a central convex radius that blends with an
outer concave radius that is larger than the central convex radius.
7. The knee implant of claim 1, wherein the femoral component further
comprises a cam follower and an intercondylar box, wherein the intercondylar box
comprises an open top area and is angulated downwardly from a back end to a front

end.
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8. The knee implant of claim 7, wherein the tibial component comprises a tibial
post having an anterior surface that is engageable with an anterior inner face of the
intercondylar box. |
9. The knee implant of claim 8, wherein engagement between the tibial post
and the cam follower of the femoral component provides for at least line contact
with or without transverse rotation.
10.  The knee implant of claim 8, wherein initial engagement between the cam
follower and the tibial post occurs in the range of about 50 to 55 degrees flexion.
11. A knee implant for use in total knee arthroplasty, the implant comprising:

a femoral component comprising a trochlear groove and intercondylar notch:
and

a tibial component engaged with the femoral component;

wherein at least one of the femoral and tibial components are sized and
shaped to match selected geometries for a target population,
12, The knee implant of claim 11, wherein the trochlear groove of the femoral
component is configured to articulate with both a native patella of a patient and a
patellar component having an upper domed surface, wherein the domed surface is
configured for at least line contact articulation with the trochlear groove of the
femoral component.
13. The knee implant of claim 12, wherein the trochlear groove comprises at
least a portion that is a segment of a circle.
14, The knee implant of claim 11, wherein sizes of the femoral and tibial
components are determined using measured anterior-posterior and medial-lateral
data of distal ends of multiple representative femurs and proximal ends of multiple
representative tibias, respectively, for the target population.
15.  The knee implant of claim 11, wherein shapes of the femoral and tibial
components are determined using measured aspect ratios of distal ends of multiple

femurs and proximal ends of multiple tibias, respectively, for the target population.
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